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Introduction 

This presentation of the diseases of the placenta differs in many ways from 
tqe firstsuch treatment in these volumes by the eminent Robert Meyer. It is a 
deliberate attempt to bring together the practical information which has been 
gathered about the pathology of this complex organ and to make it available to 
the practicing pathologist as weil as clinician. Despite the ready availability of 
the placenta for study, the pathologist is often ill-prepared to interpret lesions 
which he may find. Moreover, it has been difficult for him to find reference material, 
published commonly in journals and books with which he is not familiar. Further
more, the interpretation of lesions affecting the placenta seemed less challenging 
since the organ had served its function, wastobe discarded and presumably little 
of significance could be expected from such a retrospective study. 

Recently, with new emphasis on maternal and fetal health and disease, it has 
become apparent that knowledge of pathologic changes in the placenta often 
provides a unique insight into antenatal events. Thus, there has been an abundance 
of publications in this field in recent years, several in book form. These and the 
most important older investigations on the morbid anatomy of the human pla
centa are here reviewed. 

This book has been written with a special point ofview, however, which reflects 
our own bias. It has become apparent that the meaningful study of the placenta 
must become apart of the routine examination not only of every perinatal fatality 
but also of all pregnancies which have been complicated by one disease or another 
and those whose results are sick or malformed infants. As practicing pathologists 
in an active obstetric hospital we have examined thousands of placentas by 
various means and correlated fetal outcome and maternal health with the findings 
in these specimens. Wehave thus formed some biases which are reflected in these 
pages. Some of these opinions or hypotheses have been supported by further 
studies, others need verification and this has been expressed whenever possible. 
It should emerge, however, that the examination of this complex organ can be 
undertaken by an interested physician and that the morphologic findings often 
add much to our understanding of prenatal influences, indeed they should be 
sought as a sine qua non in future studies. 

Our initial studies and thinking have been profoundly influenced by Prof. 
A. T. Hertig who started the laboratory of the Boston Lying-in Hospital and for 
whose help in consultation and for some of whose pictures we are most grateful. 
The staffs of the Boston Lying-in Hospital in Boston and the Mary Hitchcock 
Hospital in Hanover have been most cooperative in complying with the many 
impossible requests we have made, and their indulgence and cooperation are 
warmly acknowledged. To Dr. Vergil H. Ferm we owe a particular gratitude for 
his ever readiness of critical argument, his suggestions and proofreading of the 
many drafts Miss B. Slack so faithfully prepared. To the librarians at Dartmouth 



Medical School we owe our thanks for checlring innumerable references without 
complaining. Further, we appreciate greatly the kindness of several colleagues 
who have made cases or photographs available to us. The editors of Obstetrics & 
Gynecology, American Journal of Obstetrics and Gynecology, Medical Clinics of 
North America, the National Foundation, and New York Academy of Seiences 
permitted us generously to reprint some figures previously published. It will also 
be apparent that many of the studies here presented, in abstract or in full, have 
been made possible only through the generous aid made available to us in various 
research grants by the U.S. Public Health Service, National Institutes of Health, 
which is gratefully acknowledged. 

Last but not least we would like to express our sincere appreciation and 
gratitude to Dr. H. Götze ofthe Springer Verlag for the understanding he showed 
in the many requests we made. 

Hanover, New Hampshire 
Boston, Massachusetts, USA 
January 1966 

Kurt Benirschke 
Shirley G. Driscoll 
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The Pathology of the Human Placenta 

By 

BENIRSCHKE /DRISCOLL 

I. Examination of the Placenta 

A methodical gross examination should be undertaken in all births and the 
results incorporated in the patient's record. 

It is best to refrigerate the placenta soon after delivery but freezing obscures all 
details and is to be avoided unless it is undertaken for some specific chemical analytic 
purpose. The storage is easiest handlad in round cardboard containers with tops which 
avoid drying. Ice cream containers serve a useful purpose as the delivery data can be 
written on it and they are disposable. 

The placenta is then studied, preferably during the same day, and it must be 
bome in mind that blood and fluid has probably escaped from the organ. This may 
alter its weight appreciably and it must be recognized when fetusfplacenta weight 
correlations are undertaken. Mter removal from the container onto a large cork
board, it is best to reconstruct the appearance of the fetal membranous bag. If it 
is undertaken in a tank of saline then it may be easily possible to ascertain the 
site of the uterine comua and the former position of the placenta in the uterus, a 
procedure which allowed ToRPIN & HART to make valuable deductions regarding 
the formal genesis of abnormally shaped placentas. Having done this, it is desirable 
to ascertain the narrowest width of membranes, the "point of rupture" of the 
membranes as we described this in a previous protocol (BENIRSCHKE, 1961). This 
measurement is of some interest if ever the question arises whether the pregnancy 
was complicated by placenta previa and interpretations apply obviously only 
to vaginally delivered placentas. Any figure above 0 cm rules out even a marginal 
placenta previa. Having made certain that no velamentous vessels course over 
the membranes, these are then trimmed by scissors near the margin of the placenta 
and, with the aid of a forceps, the membranes are now rolled, grasping the end 
at which rupture had occurred. One thus ends up with a sausage-shaped roll, of 
which a segment is cut by scissors (3 cm or so) and which is then placed into 
fixative if histologic sections are desired. The routine preparation of such a roll 
has the advantage that a large area of membranous surface (amnion, chorion 
laeve, decidua capsularis) can be studied and that one always knows the site of 
rupture to be innermost. In inflammatory processes this proves usually to be 
most severely involved. 

Next the cord insertion is recorded, making certain that velamentous vessels 
have been carefully inspected for tears and thromboses. The length of the cord 
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is measured and on a neat cross section, made somewhere in the middle, the 
nurober of vessels is counted. A short segment of cord is then fixed for later 
histology. If knots or unusual vascular arrangements are met with, a more 
detailed study of possible thrombi is made. Unlike the older classical investigators 
(e. g. HYRTL), we make no special effort to pay attention to the nurober ofspirals 
in the cord or their direction. Also, in the routine study it is probably unneces
sary to search for the anastomosis between the two umbilical arteries near the 
placental surface (HYRTL; BACSICH & SMOUT, PRIMAN, etc.). The cord is then cut 
near the placenta and the placenta is weighed. In our opinion, this net weight 
constitutes the most meaningful measure for comparison with fetal development 
(WALKER; GRUENWALD & MINH; GRUENWALD). 

In the next step, the surface of the placenta is inspected. The course of vessels 
may be noted, their pattem of distribution, whether it is magistral or disperse 
(SHORDANIA; BACSICH & SMOUT; ÜRAWFORD, etc.) and, most importantly, 
whether thrombi can be found. Theseare usually obvious as yellow-white streaks 
on the surface of a vessel. The yolk sac is searched for, particularly in twins and 
it is noted whether vitelline vessels remain. In general, the study of twin placentas 
departs at about this point from that of singletons and it is further considered in 
chapter V. Normally, the amnionic surface is glistening, but under a variety of 
pathologic circumstances it is discolored, dull and opaque, thus obscuring the 
normally steel-blue vascular pattem beneath. Moreover, the delivery has often 
caused an artifactual disruption of the amnion and vernix may have dissected 
beneath it during Iabor. Squamous metaplasia is often noted, mainly over the 
areas near the insertion of the cord and it is to be distinguished from the pa thologic 
finding of amnion nodosum. Undemeath the chorion one sees in most term placen
tas bulging deposits of fibrin as white plaques which correspond to the fibrin 
layer of Langhans (see GELLER). Abnormal insertions of the membranes, the 
extrachorial placentas of circumvallation and margination are usually accompa
nied by much peripheral fibrin deposition as weil. Occasionally, one finds sub
amnionic hemorrhages, usually produced artifactually during delivery. Subchorlai 
hematomas are of greater significance, particularly when the pathology of ab
ortions is concemed. Cysts are also noted with some frequency and these, as 
most of the still less common chorangiomas, are also subchorial in location. 

The maternal surface should not be disrupted and only a thin layer of freshly 
clotted blood is expected to be found. If cotyledonary tissue is missing then the 
classical milk injection (see STAMM) or any other procedure may be employed 
to assure that such a finding is not an artifact of handling (see photograph by 
MERRILL). Significant retroplacental hematomas arefirmer and more contracted 
than the coagulum which is incident to normal detachment. They usually leave 
a depression in the placenta when removed and infarcted placental tissue is found 
beneath them as a rule. The thin membrane of decidua and Nitabuch's fibrin 
layer which cover the matemal surface have generally a grey and translucent 
appearance. When much increased yellow fibrin deposit causes the matemal ßoof 
tobe thickened and rigid, we have spoken of "matemal ßoor infarction", a poorly 
understood entity which may recur in subsequent pregnancies. Calcium deposits 
in fibrin, decidua and, at times, the villi, are very variable and usually more 
abundant in mature placentas but not necessarily excessive in postmature organs 
(JEACOCK). They may be excessive and cause a truly gritty sensation and there 
is an inverse relationship to matemal age (FUJIKURA). Apparently the calci
fication has no deleterious effect on fetal development, it may differ between 
fratemal twin placentas (JEACOCK) and may vary seasonally, depending on the 
calcium Ievel ofblood which is also seasonal (higher in summer months, FUJIKURA). 
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The degree of cotyledonary fissuring, ORA WFORD calls these "Iobes", caused by 
incomplete decidual septa (BECKER) varies also considerably for ill-understood 
reasons. It is much less prominent when excessive amounts of fibrin are deposited 
in the floor of the placenta. 
Subsequent to the study of the maternal side of the placenta, the organ is sliced 
with single strokes of a large knife. These sections are made at narrow intervals, to 
the chorionic membrane and as the knife is removed, the blood is wiped off with 
the blade and the out surface is inspected. Most of the significant villous changes 
are observed at this time. First, the color relates principally to the content of 
fetal blood, the intervillous blood having been removed largely by the terminal 
uterine contractions. In the anemia of erythroblastosis, the anemia of one of twins 
with the transfusion syndrome and other conditions, a considerable pallor of the 
villous tissue is apparent. Intervillous thrombi, cysts and infarcts become vis
ualized, as does the frequent marginal atrophy of the placenta. The discontinuous 
marginal sinus (Iake) can be inspected for thrombi and focal villous edema may 
be noted. 

It is unfortunate that many small lesions may be misinterpreted on such 
relatively cursory gross examination of this bloody and spongy tissue. Thus, 
small chorangiomas often have the appearance of infarcts (SmnALL) and a 
minute choriocarcinoma was also once thought to be an infarct macroscopically 
(DruscoLL). This raises the question of sampling. Ideally, allabnormal areas are 
out out, fixed and studied histologically. This is impractical in most institutions 
and only long experience gives any indication which lesions are "profitable" for 
further study. BARTHOLOMEW et al. ·have given their reasons why they prefer to 
study the placenta only after complete fixation in formalin. They feel that many 
infarcts are otherwise overlooked and that a better correlation with toxemia of 
pregnancy, etc. can thus be made. On sectioning a fresh placenta, one finds 
frequent "holes" in the center of cotyledons, usually nearer the maternal surface 
and often filled with blood. These correspond to the areas of presumed entry of 
the maternal arterial jet. They are relatively devoid ofvilli and have been consider
ed in greater detail by CRA WFORD who presents an excellent photograph of a 
coronally sectioned organ to demonstrate this feature. The older idea of their air 
content (FRITSCHEK) can now probably be discarded. For routine study, we remove 
one section of placenta from the margin, another from near the center, malring 
sure that the latter contains a representative sample of chorionic vessels. In 
addition, portions of abnormal areas are placed in fixative, as istheroll of mem
branes and a piece of cord. 

We prefer Bouin's solution for the fixation of the placenta {40% formaldehyde, 
1.2% (saturated) picric acid solution, glacial acetic acid {= 5:15: 1) and place the 
samples in an ample amount of this solution. After a few hours, the hardening blocks 
are trimmed neatly, refixed and processed as usual. This method rarely requites 
decalcification, gives vivid histologic staining results, causes a minimum of shrinkage 
and allows for most special stains. Routinely we employ hematoxylin and eosin stains 
but, frequently the Masson-trichrome method and PAS stains are also used. For 
histochemical purposes, a variety of different fixatives and methods have been employ
ed and fresh fixation is imperative. Details may be found by McKA Y et al.; THOMSEN 
& NETZ; WIELENGA & WILLIGHAGEN; WACHSTEINet al., others. Electronmicroscopy 
again requires prompt and special fixation and of course elaborate further study. 
Knowledgeable selection of areas tobe studied is of primary importance in this tech
nique and various newer techniques have been described {WISLOCKI & DEMPSEY; 
BARGMANN & KNOOP; TERZAKIS; others). In recent years, fluorescence microscopy 
has been employed in the study of Hofbauer cells, traphoblast and placentas of toxemia 
and erythroblastosis {BLEYL; HECKER & BLEYL). The elegant localization of gonado
tropin and its corroboration with electronmicroscopic study may be found in the 
papers of MmGLEY & PIERCE; PIERCE & MIDGLEY. Individual contributions and 
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reviews of other special techniques are given in three recent books on the human 
placenta (SNOECK; VILLEE; DAVIES). 

Among special techniques, brief mention may be made of the use of rapid frozen 
sections of the umbilical cord. Wehave advocated this procedure in the care of the 
newborn when respiratory distress makes rapid diagnosis desirable (BENmSCHKE 
& CLIFFORD). The finding of perivascular inflammation in such cases usually rules 
against the presence of hyaline membrane disease as the cause of neonatal respiratory 
difficulties. BLANC has recommended the study of gastric aspirates and scrapings from 
the amnionic surface for the same purpose, examining for leukocytes and bacteria. 

Flat mounts of amnion, stained with Feulgen technique, thionin and by other 
means have been employed by KLING ER; KLING ER & SOHW ARZAOHER to detect nuclear 
sex of the amnion and valuable information was gleaned by the investigators about 
the histogenesis of the layers of amnioninan XY/XXY mosaic specimen. Cells from 
the amnionic fluid have been employed similarly for antenatal sex determination 
(SERR et al.; see also SoHV AL et al., BoHLE & HIENZ). 

The preparation of tissue cultures from aborted specimens, hydatidiform moles 
and term placentas has yielded significant information recently with respect to chromo
somal anomalies (CARR; CLENDENIN & BENIRSCHKE; SZULMAN; NAUJOKS). lt is the 
experience of all investigators, however that, no matter how carefully these cultures 
are treated, only 60% will show proliferation. The reason for the failure of the others 
is as yet unknown. We have followed a technique first described by BASRUR et al. 
with only minor modifications. It employs small (1 mm) fragments of chorion, amnion, 
villous steins, umbilical cord or embryo, whichever is available. Surprisingly, even 
macerating embryonie parts have, at times, yielded good preparations. The procedure 
is as follows : some 6-8 fragments of tissue are evenly distributed on a 9 x 40 mm 
# 1 cover slip and an empty second cover slip is placed on top of the fragments. The 
sandwich is then placed into a Leighton tissue culture tube and about 2 ml of culture 
fluid are added; the cap is closed and incubation at 37° is begun. The culture medium 
consists of the following: 100 ml Eagle's basal medium to which are added: 20 ml 
of calf serum, 50 11g of Streptomycin, 50 units of penicillin. The medium is changed 
every day for three days, thereafter twice weekly and growth is checked microscopi
cally. From the fragment of tissue, cells spread peripherally, usually within the first 
week and when a large halo of cells has grown out, the culture is interrupted in the 
following way. Medium is changed on one morning and 24 hours later 0.25 ml of an 
0.1% solution of colchicine is added. Incubation proceeds for another six hours at 
which time the fluid is discarded and after an initial rinse with warm dilute Earle's 
solution (1 : 4 parts water), the culture is exposed for 15 minutes to the hypotonic 
solution in the incubator to swell the cells. Mter decanting, fixative is added (glacial 
acetic acid: methyl alcohol, 1 : 3) and the sandwich removed not earlier than 30 minutes 
later. The two cover glasses are then separated carefully, the central solid tissue is 
removed gently and the slides are stained. W e prefer aceto-orcein staining but other 
techniques may be used as well. Drying and mounting is done as with histologic 
slides. The mitoses may then be analyzed directly or after photography. 

Various techniques have been employed to delineate the fetal vasculature of the 
placenta. The older methods of ScHATZ; HYRTL etc. did not fill the smaller vessels 
although they yielded beautiful preparations. In recent years, the contributions by 
GOERTTLER and particularly those by PANIGEL (lit.) have produced excellent reproduc
tion of the fetal vascular tree. The technique of x-ray cantrast medium injection has 
been considered critically by SCIPIADES & BuRG, among others. India ink injection 
studies, meant to overcome the difficulties inherent in plastic-corrosion techniques 
have been presented by Brl!E, and CRA WFORD has excellent results with a trypsin 
digestion method. 

References 

BACSICH, P. & C. F. V. SMOUT: Some observations on the foetal vessels ofthe human 
placenta with an account of the corrosion technique. J. Anat. 72, 358, 1938. 

BARGMANN, W. & A. KNOOP: Elektronenmikroskopische Untersuchungen an Pla
zentarzotten des Menschen. Bemerkungen zum Syncytiaproblem. Z. Zellforsch. 50, 
472, 1959. 



104 I. Examination of the Placenta 

BARTHOLOMEW, R. A., E. D. COLVIN., w. H. GRIMES., J. s. FISH., w. M. LESTER 
& W. H. GALLOWAY: Criteria by which toxemia of pregnancy may be diagnosed 
from unlabeled formalin-fixed placentas. Amer. J. Obstet. Gynec. 82, 277, 1961. 

BASRUR, P. K., V. R. BASRUR & J. P. W. GILMAN: A simple method for short term 
cultures from small biopsies. Exp. Cell Res. 30, 229, 1963. 

BEOKER, V.: Funktionelle Morphologie der Placenta. Arch. Gynäk. 198, 3, 1962. 
BEOKER, V. & U. BLEYL: Placentarzotte bei Schwangerschaftstoxikose und fetaler 

Erythroblastose im fluorescenzmikroskopischen Bilde. Virch. Arch. path. Anat. 
334., 516, 1961. 

BENIRSOHKE, K.: Examination of the placenta. Obstet. Gynec. 18, 309, 1961. (Many 
color plates are misnumbered.) 

BENIRSOHKE, K. & S. H. CLIFFORD: Intrauterine bacterial infection of the newborn 
infant. J. Pediat. 54, 11, 1959. 

BLANO, W. A.: Anmiotic sac infection syndrome: Pathogenesis, morphology, and 
significance in circumnatal mortality. Clin. Obstet. Gynec. 2, 705, 1959. 

BLEYL, U.: Histologische, histochemische und fluorescenzmikroskopische Unter
suchungen an Hofbauer-Zellen. Arch. Gynäk. 197, 364, 1962. 

- Fluorescenzmikroskopische Untersuchungen an überlebenden menschlichen Plazen
ten mit Acridin-Orange. Z. Zellf. 56, 404, 1962. 

BrzE, F.: Studies on vascularization of the human placenta. Acta Obstet. Gynec. 
Scand. 32, Suppl. 5, 1953. 

BoHLE, A. & H. A. HIENZ: Zellkernmorphologische Geschlechtsbestimmung an der 
Placenta. Klin. Wschr. 34., 981, 1956. 

CARR, D. H.: Chromosome studies in abortuses and stillborn infants. Lancet II, 603, 
1963. 

CLENDENIN, T. M. & K. BENIRSOHKE: Chromosome studies on spontaneous abortions. 
Lab. Invest. 12, 1281, 1963. 

CRAWFORD, J. M.: Vascular anatomy ofthe human placenta. Amer. J. Obstet. Gynec. 
84., 1543, 1962. 

DAVIES, J.: Survey of research in gestation and the developmental sciences. 
Williams & Wilkins, Baltimore 1960. 

DRISOOLL, S. G.: Choriocarcinoma: An "incidental finding" within a term placenta. 
Obstet. Gynec. 21, 96, 1963. 

FRITSOHEK, F.: Über "leere" Placentarhohlräume. Anat. Anz. 64., 65, 1927. 
FuJIKURA, T.: Placental calcification and matemal age. Amer. J. Obstet. Gynec. 87, 

41, 1963. 
- Placental calcification and seasonal difference. Personal communication, 1964. 
GELLER, H. F.: Über die Bedeutung des subchorialen Fibrinstreifens in der mensch

lichen Placenta. Arch. Gynäk. 192, 1, 1959. 
GOERTTLER, K.: Beitrag zur Technik der Herstellung naturgetreuer Ausgüsse und 

Oberflächenabdrücke mit schnellhärtenden Kunststoffen. Zbl. allg. Path. u. path. 
Anat. 101, 83, 1960. 

GRUENWALD, P.: Examination of the placenta by the pathologist. Arch. Path. 77, 
41, 1964. 

GRUENWALD, P. & H. N. MINH: Evaluation of body and organ weights in perinatal 
pathology: II. Weight of body and placenta of surviving and of autopsied infants. 
Amer. J. Obstet. Gynec. 82, 312, 1961. 

HYRTL, J.: Die Blutgefäße der menschlichen Nachgeburt unter normalen und ab
normen Verhältnissen. Braumüller, Wien, 1870. 

JEAOOOK, M. K.: Calcium content ofthe human placenta. Amer. J. Obstet. Gynec. 87, 
34, 1963. 

KLINGER, H. P.: The sex chromatin in fetal and matemal portians of the human 
placenta. Acta Anat. 30, 371, 1957. 

KLINGER, H. P. & H. G. Schwarzseher: XYJXX.Y and sex chromatinpositive cell 
distribution in a 60 mm human fetus. Cytogenetics 1, 266, 1962. 

LISTER, U. M.: Ultrastructure of the human mature placenta. J. Obstet. Gynaec. 
Brit. Comm. 70, 373, 1963. 

MoKAY, D. G., A. T. HERTIG., E. C. ADAMS & B. A. RIOHARDSON: Histochemical 
Observations on the human placenta. Obstet. Gynec. 12, 1, 1958. 

MERRILL, J. A.: Common pathological changes of the placenta. Clin. Obstet. Gynec. 6, 
96, 1963. 

MIDGLEY, A. R. & G. B. PIEROE: Immunohistochemical localization of human 
chorionic gonadotropin. J. Exp. Med. 115, 289, 1962. 

NAUJOKS, H.: Zur Frage des Chromosomennachweises in abortiertem GewebsmateriaL 
Zbl. Gynäk. 84., 1542, 1962. 



References 105 

NAUJOKS H.: Culture of tissues from spontaneous human abortions. (Preliminary 
work for chromosome analysis.) Acta Cytol. 7, 300, 1963. 

ÜRTMANN, R.: Histochemische Untersuchungen an menschlichen Plazenten mit 
besonderer Berücksichtigung der Kernkugeln (Kerneinschlüsse) und der Plasma
lipoideinschlüsse. Z. Anat. Entwickl. Gesch. 119, 28, 1955. 

PANIGEL, M.: Placental perfusion experiments. Amer. J. Obstet. Gynec. 84, 1664, 
1962. 

PIERCE, G. B. & A. R. MIDGLEY: The origin and function of human syncytiotropho
blastic giant cells. Amer. J. Path. 43, 153, 1963. 

PRIMAN, J.: A note on the anastomosis of the umbilical arteries. Anat. Rec. 134, 1, 
1959. 

ScHATZ, F.: Die Gefäßverbindungen der Placentakreisläufe eineiiger Zwillinge, ihre 
Entwicklung und ihre Folgen. Arch. Gynäk. 60, 81, 1900. 

SCIPIADES, E. & E. BURG: Über die Morphologie der menschlichen Placenta mit be
sonderer Rücksicht auf unsere eigenen Studien. Arch. Gynäk. 141, 577, 1930. 

SERR, D. M., L. SACHS & M. DANON: The diagnosis of sex before birth using cells 
from the amniotic fluid. Bull. Res. Counc. Israel 5 B: 137, 1955. 
See also these authors in Science 123, 548, 1956 and Brit. Med. J. ß, 795, 1956. 

SHORDANIA, J.: Der architektonische Aufbau der Gefäße der menschlichen Nach
geburt und ihre Beziehungen zur Entwicklung der Frucht. Arch. Gynäk. 135, 
168 & 598, 1929. 

SmnALL, R. S.: Chorioangiofibroma (chorioangioma). Amer. J. Obstet. Gynec. 8, 
430 & 554, 1924. 

SNOECK, J.: Le placenta humain. Masson Oie. Paris 1958. 
SoHVAL, A. R., J. A. GAINES & L. STRAUSS: Chromosomalsex detection in the human 

newborn and fetus from examination of the umbilical cord, placental tissue, and 
fetal membranes. Ann. N. Y. Acad. Sei. 75, 905, 1959. 

STAMM, H. : Alte und neue Probleme bei Plazentarpolypen. Gynaecologia 151, 253, 
1961. 

SzuLMAN, A. E.: Chromosomal aberrations in early human abortions. Fed. Proceed. 23, 
~ 2 part I; 499, 1964. Abstract~ 2385. New Engl. J. Med. 272: 811, 1965. 

TERZAKIS, J. A.: The ultrastructure of the normal human first trimester placenta. 
J. Ultrastr. Res. 9, 268, 1963. 

THOMSEN, K. & L. NETZ: Über Fermentaktivität in Hofbauer-Zellen. Arch. Gynäk. 
185, 794, 1955. 

ToRPIN, R. & B. F. HART: Placenta bilobata. Amer. J. Obstet. Gynec. 42, 38, 1941. 
VILLEE, C. A., Ed.: The placenta and fetal membranes. Williams & Wilkins, Baiti

more 1960. 
WACHSTEIN, M., J. G. MEAGHER & J. ÜRTIZ: Enzymatic histochemistry of the term 

human placenta. Amer. J. Obstet. Gynec. 87, 13, 1963. 
WALKER, J. : W eight of the human fetus and of its placenta. In: Cold spring harbor 

symposia on quantitative biology 19, 39, 1964. 
WIELENGA, G. & R. G. J. WILLIGHAGEN: The histochemistry ofthe syncytiotropho

blast and the stroma in the normal fullterm placenta. Amer. J. Obstet. Gynec. 84, 
1059, 1962. 

WrsLoCKI, G. B. & E. W. DEMPSEY: Electron microscopy of the human placenta. 
Anat. Rec. 123, 133, 1955. 



II. Unusual Shapes of the Placenta. Placenta Accreta. 

lntroduction 

The usual round or oval outline of the placenta may be replaced by a wide 
spectrum of shapes which SHANKLIN has called "errors in outline". On occasion, 
these abnormally shaped organs assume clinical significance but, on the whole 
it is difficult tobe certain that they all represent truly pathologic events. Certainly, 
many are compatible with perfectly normal fetal development and in most 
instances of placentas with unusual shape, the progress of pregnancy or parturition 
is not endangered. These unusual shapes should perhaps better be considered as 
variations of the normal, and an infinite spectrum it is. HYRTL has depicted many 
of these specimens in his magnificent atlas and GROSSER has discussed views 
concerning the mechanism of formation of some of the abnormally shaped p~acen
tas. In recent years, less attention has been paid to this subject as it has become 
recognized that other placental disturbances are of greater significance tö fetal 
development than is the shape of the placenta. 

In this chapter we intend to discuss only briefly the principal forms of abnormally 
shaped placentas, give access to the pertinent Iiterature and describe etiologic mecha
nisms when they are known. Moreover, when appropriate we will remark on the 
functional sequelae of these conditions so far as they are known. 

Accessory Iobes, placenta duplex, placenta membranacea 

From the single discoid organ which we are accustomed to expect as the shape 
of the placenta, a variety of intermediate forms leads to the other end of the 
spectrum, the placenta membranacea where no free membranes are to be found. 
Adjacent to the main placental tissue one may find small accessory lobes, single 
or multiple, which usually bear the name succenturiate lobe (Fig. 1). Occasionally, 
these separate masses are located some distance from the margin of the placenta 
in the membranous portion of the afterbirth and, as seen in Figure 1, they are 
supplied by fetal blood vessels as is the remainder of the villous tissue. One 
arterial and venous branch usually courses over the membranes to the accessory 
lobe. Marked fibrosis and fibrin deposition takes place often in these succenturiate 
lobes (Fig. 1) which may render these structures paler and firmer. Succenturiate 
lobes may be considered as representing remnants of the formerly complete shell 
of active placental villous tissue which normally is rendered atrophic as the future 
chorion laeve of the blastocyst expands into the endometrial cavity. Whether 
morefavorable decidual vascular conditions cause the maintenance of these foci 
of placental tissue or whether a very early actual fusion of decidua capsularis 
and decidua vera supplied more adequate vascular support of this villous tissue 
is not known. For clinical purposes, it must be bornein rnind that these succenturi
ate lobes may be retained after birth and may become "placental polyps" with 
the sequelae of post-parturn subinvolution of the uterus, in face of an apparently 
otherwise complete and intact placenta. Hence, the completeness of the mem
branes should constitute as important an aspect of inspection by the obstetrician 
as that of the placenta itself. 

It is also conceivable that the membranous vessels which supply such succen
turiate lobes may, at times, be of clinical significance although this is certainly 
more likely to be the case in a bipartite placenta (pl. duplex) with its !arger vessels 
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as shown in Figure 2. Superficially, this structure looks like a twin placenta and 
certainly it has the appearance of the organ in the rhesus monkey. Whether a 
more superficial implantation occasions the abembryonic trophoblast to grow 

Fig. 1. Immature placenta with several succenturiate Iobes. Each has its own fetal vascular supply and several 
(left top) arepale and atrophied. A distinct sulcus runs from the left lower portion past the umbilical cord, separat· 
ing the succenturiate Iobes from the main placental tissue. Presumably this sulcus corresponds to the lateral 

uterine fold (see text ). 

Fig. 2. Bilobed placenta (pl. duplex). One disk was attached anteriorly, the other posteriorly. La.rge velamentous 
vessels course between the two dlsks. This is the least common variety of accessory Iobes. 

into the decidua vera of the opposite uterine wall must await study of early 
specimens. Additional large lobes have been described (e. g. tripartite placentas) 



108 II. Unusual Shapes of the Placenta. 

in occasional specimens. EARN reviews the Iiterature of the subject and finds 
various incidence figures (I :600 Williams; 1:350 Bricker). His own results 
indicate a frequency of 0.25%. ToRPIN & HART present an extensive study of 
the subject. Among 4,098 delivered placentas, they find 355 specimens (8%) with 
succenturiate Iobes of various sizes. By their method of examining the fetal bag 
under water they are able to determine the site of implantation in the uterus and 
they present a large series of diagrams of their specimens. These authors find that 
in the majority of cases of accessory Iobes, the implantation occurred at the lateral 
or apical margin of the uterus. The accessory lobe developed on the side of the 
uterus opposite from the implantation of the main placental mass, the most 
extensive such development being a specimen such as that of Figure 3. Because 
they find no correlation with prematurity or maternal age they discard, after 
adequate discussion, the older theories on the etiology of accessory Iobes and 
consider only fortuitous lateral or apical implantation as a reasonable etiologic 
factor. ToRPIN & HART also note that this implantation occurred not infrequently 
low in the uterus; it may be mistaken for a central placenta previa (HEss). Such 
a specimen as our Figure 2, a "placenta duplex", in which membranesseparate 
the equallobes, is apparently the most uncommon. ToRPIN & HART have two 
such cases and refer to one other of Podleschka. In 2% of their cases of succenturia
te Iobes, the cord had a velamentous insertion, in 50% it was central, in 18% 
eccentric and in 30% it occurred between the two Iobes. SHANKLIN wonders 
whether the term "malformation" applies. In 6 of his 514 placentas, a triangular 
shape was found, one was reetangular and 6 were heart-shaped. He defines 
placentas with succenturiate Iobes as those organs in which the accessory lobe is 
separated at least by 2 cm of free membranes from the placental margin and found 
22 such specimens (4%). It is perhaps ofinterest that 7 ofthese were prematurely 
de1ivered. In five additional cases (0,9%) the placenta was bilobed. 

Among various other bizarre forms, the ring- or collar-shaped placenta has attracted 
the attention of various investigators. This is a most unusual form anomaly whose 
shape should not be confused with that of some carnivores. SCIPIADES & BURG 
discuss this point and present a case in which they believe to have demonstrated that 
this unusual shape was produced because of primary implantation of the blastocyst 
in the tubal cornu region. Subsequent uterine expansion then led to central atrophy 
which is diagrammed by the authors. In another case, central atrophy is explained 
by pressure from an expanding subchorial cyst. They quote STIEVE as presenting the 
view that a collar-shaped placenta can form only when a primary placenta previa 
leads to atrophy over the internal uterine os and placental expansion into the adjacent 
tissues. The specimen described recently by KEEFER & CoPE conforms to the latter 
interpretation. 

In all these considerations, a recurrent argument concerns itself with the 
debate over whether primary refl.exa attachment to the opposite portion of the 
uterus is the important mechanism of the development of accessory Iobes, etc. or, 
whether later lateral development of the placenta ("Flächenwachstum") can 
take place and explain their genesis. GoTTSCHALK who discussed this point 
extensively considers the latter mechanism to be at work. In light of the recent 
quantitative studies by ÜRAWFORD, however, one wonders if the question can 
be regarded as settled. This author showed with a unique digestion technique 
that the primordia for future cotyledonary growth are laid down very early in 
placental development and if his findings can be extrapolated to the formation 
of abnormally shaped placentas, then a primarily abnormal implantation appears 
to be the most reasonable view. It is hoped that ÜRA WFORD's techniques will be 
applied to the study of this problem. In light of our later consideration of the 
possible relationship of placental growth to the development of velamentous 
insertion of the cord, it is of interest to mention here that LITTLE found a positive 



Accessory lobes, placenta duplex, placenta membranacea 109 

correlation between the absence of one umbilical artery and placenta duplex. 
The coincidence occurred in 6.25%, while in 0.34% of duplex placentas normal 
umbilical vessels were found. We interpret the development of velamentous 
insertion of the cord to result from placental wandering (trophotropism) and the 
same phenomenon may also account for the genesis of placenta duplex. These 
are the only anomalies which are positively correlated with the deficiency of one 
umbilical artery as weiland common pathogenetic mechanisms seem likely. 

An unusual anomaly, a polypoid cotyledon, has been described by J. THOMAS. 
In a mature placenta with marginally inserted cord and atrophic succenturiate lobe, 
there was attached on a pedicle a pear-sized polyp, composed of placental tissue and 
projecting into the amnionic cavity. THOMAS considers the possibility that this 
malformation may have been the result of hypertrophy of a primary villus. 

More rarely the pathologist encounters a placenta membranacea or pl. diffusa, 
in which all of almost all of the fetal membrane is covered by functional placental 
villous tissue. SHANKLIN finds one such prematurely delivered specimen in his 
material. In his case, however, a 10 cm square portion of membrane was still 
present. A similar placenta was shown by us recently (BENIRSCHKE). FINN 
reviews the literature on this subject and finds this an "exceedingly rare type of 
placental anomaly". As in our recent experience (Fig. 3), FINN mentions authors 
who had difficulty with the separation of a placenta membranacea at birth. In 
our case, we could show the simultaneous presence of a partial placenta accreta 

Fig. 3. Placenta membranacea totalis, accreta partialis, attached to uterus. After failure to separate, the right 
(posterior) half was manually separat.ed. At the fundus, separation was impossible, led to hemorrhage which 
necessitated hysterectomy. At the fundus this was shown tobe a partial placenta accreta. This placenta membran· 

acea Iooks like a bilobed placenta but it has no free membranes. 

to account for this difficulty. HERTIG & SHELDON had two similar cases among 
1,000 spontaneous abortions. The thickness of a placenta membranacea is said 
to be inversely related to the width of placental tissue (FINN) and therefore, a thin 
tissue seems to be the rule. FrNN cites the Iiterature which indicates that prenatal 
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hemorrhage, placenta previa and premature delivery are more frequently associat
ed with this placentation and he describes an excellent case with recurrent 

Flg. 4. Placenta membranacea with a few velamentous vessels over small remnants of membranes. 

Fig. 5. Same as Flgure 4, matemal aspect, illustrating thinness (1 cm) of placental tissue. 

bleeding, premature surgical termination because of placenta previa and complete 
covering of the fetal bag with villous tissue in a 400 g placenta (good picture) 
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which measured only 1-2 cm in average thickness. The second case he presents 
is essentially similar but was even more prematurely terminated. JANOVSKI & 
CRANOWITZ, who review all the pertinent literature, present a detailed morphologic 
description of a spontaneous abortion (180 g fetus) with this anomaly. They cite 
a study by Aguero which gives the frequency of placenta membranacea as 1: 3,300 
deliveries and consider this development a deterrent to normal fetal growth. Of 
the various carefully reviewed theories on etiology, they favor that of primary 
endometrial hypoplasia as the most likely, although the other views (endometritis, 
excessive vascularization of decidua capsularis, deeper than normal implantation, 
placental dysgenesis, etc.) are not ruled out. Prenatal hemorrhage and placenta 
previa are acknowledged as hazards of the placenta membranacea, complications 
which are less frequently attested to for the other types of malformed placentas 
mentioned. The relatively few case reports of complications arising from a suc
centuriate lobe, placed over the internalos ofthe uterus and presenting as placenta 
previa, have been summarized by RoTH and by HEss who describe additional 
cases. Two similar cases were also reported more recently by v. HuYSEN who feels 
that the condition is more common than generally believed. RADCLIFFE, SINDE
LAR & ZEIT present a case in which the fatal bleeding stemmed from vasa previa 
leading to an accessory lobe. 

Other types of anomalies have been described. These have been discussed in great 
detail by HYRTL (e. g. pl. fenestrata, pl. tripartita, etc.). In general, their clinical 
importance is limited because of their rarity and it falls into the same categories as 
outlined. On occasion, such a placenta may Iead to the detection of an abnormally 
shaped uterus, as was the case in the specimen described by BERGMAN. Because ofthe 
peculiar placental outline, a uterus bicornis was suspected and this could be verified 
post partum. Another interesting case was described by GREIG. In this pregnancy, 
hemorrhage occurred at 36 weeks and bulging membranes were seen at the cervical 
os. Despite Cesarean section, the infant died. The placenta (good picture) has the 
appearance of a pl. fenestrata, the defect through which the membranes were bulging 
being in the center of the placenta and located directly over the internal os of this 
central placenta previa. 

Placenta accreta, increta, percreta, and placenta previa accreta 

As mentioned, some unusual shapes of the placental outline are associated 
with placenta accreta. Such a specimen, a placenta membranacea, grossly appear
ing like a bilobed placenta is shown in Fig. 3, attached to the resected uterus. 
Here, the obstetrician was unable toseparate the placenta completely and detailed 
histologic study of the intact specimen showed a partial placenta accreta in the 
fundal portion of the uterus. The term placenta accreta connotes an unusual 
adherence of the placenta to the uterus. It often leads to the failure of the placenta 
to separate after delivery and it is the cause of placental disruption with, at times, 
severe post partum hemorrhage and atony. While the existence of this entity 
is no Ionger in doubt, there still remains considerable disagreement concerning its 
frequency and the etiology. With the change in obstetric practice and the change 
in incidence of various uterine diseases, the adherent placenta undoubtedly has 
decreased in recent years. Thus, steam cautery for dysfunctional bleeding no 
Ionger destroys the endometrium and suppurative endometritis, both known 
antecedent events, are uncommon today. Its concurrence with placenta previa, 
however, and the possible association with hysterotomy scars make placenta 
accreta an important disease stilland rigid criteria for the diagnosis are necessary 
if its frequency is to be assessed. Most authors feel that a careful microscopic 
study must establish the absence of decidua basalis before the diagnosis pl. 
accreta can be accepted. Such may be impossible in delivered placentas, even if 
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subsequent currettings of remaining placental tissue are examined. In hysterec
tomy specimens and with multiple sections, the diagnosis is readily made. Villi 
anchor directly on myometrium (Figs. 6, IO). If the entire floor lacks decidua, one 
speaks of pl. accreta totalis, if it occurs only in certain regions, a focal placenta 
accreta is diagnosed. KLAFTEN finds 46 cases described and contributes 5 of his 
own. lRVING & HERTIG give the reported incidence as varying from I :2,000 (their 
own) to nonein 70,000 deliveries. MENDOZA et al. review the Iiterature and present 

Fig. 6. Histology of fundal portion ofFigure 3, placenta 
accreta. No decidua, only trophoblast and myometri11m 
with fused ftbrin layers form the placental site. (H & E, 

X 125). 

8 cases. Their incidence is I: 30, 386 
deliveries, the lowest quoted of nine 
studies. In a comprehensive study 
MILLAR has recently presented four
teen cases of placenta accreta, dis
cussed all pertinent etiologic factors 
and he provides access to the im
portant literature. He describes and 
depicts in great detail the normal 
placental site and that found in his 
fourteen cases of pl. accreta, eight 
of which were of the totalis variety. 
Summarizing his findings, it may be 
said that, in all cases, the decidua 
basalis was absent and, in some 
cases, the decidua vera was hypo
plastic. Villi were normal, the basal 
tropho blast had disappeared (most of 
the pregnancies were past 34 weeks) 
and Nitabuch's layer was present 
but often fused with the layer of 
Rohr. When present, the placental 
septa were made up of myometrium, 
there was no relation to uterine scars 
from any previous hysterotomy and 
in the history of the patients, neither 
curettage nor inflammation was com
mon. MILLAR considers decidual hy
poplasia as the etiology and, because 

of the frequency with which placenta membranacea was found in bis cases (three 
ofhis fourteen [lit.]) he believes the same factor to be the etiologic background for 
this anomaly as well. The hypoplasia is thought to be of endocrine nature; how
ever, he does not explain why placenta percreta (one of his cases), or placenta 
increta should develop on the same basis. He draws attention to the fact that an 
abdominal implantation also represents a true placenta accreta and discusses 
the treatment. The incidence of pl. accreta in his series is I : 8,000 deliveries and 
he remarks on the frequency with which placenta previa and accreta co-exist 
(20% of accretas; see Fig. 7) which is generally explained by the apparent inability 
of the lower uterine endometrium to form proper decidua (GoTTSCHALK, others). 
Of interest is MILLAR's reference to cases which show the development of placenta 
accreta in early pregnancy, as early as the tenth week. This is taken as further 
evidence for a primary decidual deficiency. FRIESEN reviews the literature on 
placenta previa accreta, finds at least 52 cases and disagrees with MILLAR and 
others concerning the effect of scars from previous cesarean sections. He considers 
these to present a probable cause of placenta accreta and believes that the greater 
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frequency of hysterotomy accounts for the greater number of such case reports 
in recent years. SEDLIS et al. also present evidence that placenta accreta may 
develop at the site of uterine scars and STROMME finds a placenta percreta at the 
site of form er tubal reconstruction. A comprehensive review of the world Iiterature 
on placenta previa accreta cites 58 cases (KoREN, ZucKERMAN & BRZEZINSKI) 
and gives afibrinogenemia as etiologic mechanism for uterine hemorrhage in this 
condition. The development of fatal afibrinogenemia in placenta previa accreta 
had previously been described by RosA, GHILAIN & DUMONT who find a consider
ably lower overall incidence of placenta accreta than usually cited. QUINLIV AN 

Fig. 7. Placenta prcvia accreta , hysterectomy (fetus 10 cm CR). At bottom is cervix. Note the dark, sickle·shaped 
placeuta overlying the internal os. 

gives an estimate of the frequency of placenta previa accreta in his case report. 
He assumes an incidence of 0.5% for placenta previa and gives that of placenta 
accreta as once in 15,000 deliveries, of which a placenta previa is found once in 
five cases. According to these deductions, the overall incidence of placenta previa 
accreta then would be 1:75,000 deliveries and this seems a reasonable approxima
tion. KISTNER, HERTIG & REm who find less than 30 cases reported in 1952, add 
nine of their own and present an excellent review and photographic evidence. 
"Decidual deficiency" and the "absence of the spongy layer of decidua" in the 
lower uterine segment are held responsible also for the failure of adequate placental 
separation. Five cases were found among 27,932 deliveries by RUBENSTONE & 
LASH who bring the Iiterature up to date. Further considerations and reviews 
of fetal mortality and the mechanism of bleeding from placenta previa may be 
found in the contributions by NIEMINEN & KLINGE and BARTHOLOMEW et al. 

Placenta increta, the condition in which a portion of the myometrium seems to be 
invaded by placental tissue, is much less frequent than placenta accreta. MILLAR 
describes this condition which is often difficult to differentiate from pl. accreta. A 

Handbuch der pathologischen Anatomie VII/5 8 
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pertinent case is that of Figures 8, 9. In this patient, the placenta would not separate 
following term delivery of an erythroblastotic infant; hemorrhage ensued and hys
terectomy was performed. A large area of placenta increta had nearly perforated the 
posterior uterine wall and the entire placenta had a very low implantation but no 
other abnormalities could be found. It is often suspected that a previous defect or 
adenomyosis may account for pl. increta and percreta, however, as in this case, such 
abnormalities may be impossible to find and no etiologic factor can be elucidated. 
Similarly, in a case of placenta percreta seen by us, no defect was demonstrated. The 

Flg. 8. Hysterectomy specimen of placenta previa lncreta, posterior view. Central dark bulge represents the 
nearly perforating placenta. Below this is disrupted (from delivery) placenta. 

spontaneous rupture of the uterus occurred in this patient during the first trimester 
of the first pregnancy and nearly caused death from intra-abdominal hemorrhage. 
After local excision and suture, a second pregnancy was successful; however, the third 
pregnancy was again complicated by pl. percreta and led to hysterectomy (MULLI· 
GAN) . Despite careful study, the uterus showed no morphologic changes which could 
account forthisabnormal behavior. 
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A leiomyoma may be the cause of pl. accreta as weil and it is usually thought that, 
through pressure, the overlying endometrium is defective although this is difficult to 
prove. Figure 10 is from a case in which a 2 cm spherical submucous leiomyoma was 
delivered with the placenta in which it was embedded. Manual removal of the placenta 
had been necessary and post parturn hemorrhage ensued. Histologie study showed a 
focal deficiency of decidua over portions of the muscular tumor. RANNEY reported 
that cornual implantation of the placenta was a frequent cause of retained placenta 
and constituted the reason for manualremoval of the placenta in 72.6% of his cases. 

Fig. 9. As Figure 8, sagittal section after formaHn flxation. Dark area at left margin is the section of placenta 
increta. Placental tissue ls outlined by series of dots above which is uterus. No structural defect was demonstrated 

in the uterus. Light color of placenta is due to erythroblastosis fetalis. 

The cause of this retention in cornual implantation was sought in the atonic muscula
ture of this region rather than pl. accreta. These findings were not substantiated by the 
study of W. 0. THOMAS, however. 

Site of implantation may not only be a factor in failure of separation because of 
placenta accreta or local atony. Potentially it represents a significant determinant of 
fetal development. Most reports on placenta accreta, etc. fail to mention whether fetal 

s• 



116 li. Unusual Shapes of the Placenta. 

development was normal and whether their postnatal course was normal. Presumably 
it was. Such considerations are of some interest because, in recent years theories 
regarding the etiology of toxemia have implicated that this disease develops only in 
high-implanted placentas, never in cases where the placenta is in the lower uterine 
segment. This aspect has been reviewed by LITTLE & FRIEDMAN who also analyze 
10,101 cases of their own and find no such correlation. Moreover, contrary to previous 

Fig. 10. Term placenta with Ieiomyoma (below) embedded in its substance. At right margin, a remnant of decidua 
hasalis covers the ieiomyoma. over most of lts surface the placenta is attached without intervening decidna: 

focai placenta accreta. (Courtesy Dr. R. Richart) (H & R, x 100). 

studies (PENROSE; KALMUS; others), placenta previa was not a condition of multiparae 
and fetal development was not apparently affected by the site of placental attachment. 
Other studies of the site of placental attachment are the reports of ÜRSINI (cited by 
SciPIADES & BURG); BooTH et al., KIAN. ScHAEFER reports a high frequency of the 
concurrence of placenta previa and fetal cleft palate in some Eskimos populations. 
The reason for this coincidence is not clear as yet and awaits further study. 

Velamentous insertion of the umhilical cord 

The membranaus or velamentous origin of the umbilical cord represents one 
of the most striking gross anomalies of the placenta. It has been described in 
detail by HYRTL, amongst many other authors, and interest in the subject has 
been revived recently because of KRONE's findings of an apparent correlation with 
fetal maldevelopment. 

Normally, the cord is expected to arise near the center of the chorion frondo
sum. Its origin may be markedly eccentric, however; it is often marginal and 
when it arises from the chorion laeve with free membranes separating the origin 
of the cord from the edge of the placenta, one speaks of velamentous insertion 
(Fig. 11). The marginal insertion is also referred to as battledore placenta. The 
frequency of these abnormal insertions of the cord varies considerably among 
investigators. Table I summarizes the findings of eleven larger studies and it is 
seen that an eccentric insertion of the cord is the commonest position in mature 
placentas. Marginal cords occur in perhaps 5-10% of cases, while fairly good 
agreement exists that a velamentous insertion is found in about l %. 
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Table I. Position of origin of umbilical cord in delivered placentas. 

Author Central Eccentric Marginal Velamentous 

Valenta I3.9% 
(quoted by GROSSER p. 396) 

78.9% 6.4% 

CHIARI 3.3% 91.2% 5% 
(quoted by GROSSER p. 396) 

EASTMAN & HELLMAN I8% 73% 7% 1.25% 
(2,000 placentas) 

LEFEVRE 
(I5,89I placentas) 

0.84% 

SHANKLIN 1.9% 0.77% 
(5I4 placentas) 

EARN 28% 56% I5% I% 

ßiLEK et al. (lit.) 0.6--l.l% 

KRONE 25% 64% IO% I% 

LITTLE 1.27% 

BRODY & FRENKEL 6% 

ScoTT (3,I6I placentas) 2% 1.5% 

SCIPIADES & BURG relate the insertion of the cord to the type of dispersion of 
fetal vessels on the chorionic surface. Their results confirm SHORDANIAS' view that 
in central cords a primarily disperse type of vascularization takes place while the 
magistral vascular type predominates in markedly eccentric cords. The velamentous 
and marginal insertions of the cord are very much more frequent in multiple preg
nancies of all types (see twin chapter). EASTMAN & HELLMAN state that velamentous 
insertion occurs nine times more frequently in twins than in single pregnancies. In 
higher multiple births such an anomaly is virtually always found in one or more of 
the placentas. 

The consequences of this anomalous placental development may be of great 
importance, particularly when the membranaus vessels course over the internal 
os (vasa previa) and are injured during delivery. Fetal exsanguination has repeat
edly been observed (Fig. 135) to occur within a very short time. W AIDL quotes 
Gilfrich as reviewing 32 such cases (11 X venous hemorrhage, 7 X arterial, 4 X 
venous and arterial) and cites other cases. In his case, a vein ruptured and caused 
exsanguination in a specimen almost identical to our Figure 2, a placenta bilo
bata. In singletons, such complication is less common than in one of twins. 
Explicit pictures have been presented by STOEOKEL; EASTMAN & HELLMAN; 
NESBITT and others. STOEOKEL cites older literature and ßEER & MlcHAELS 
present recent cases, :finding about 100 fatal cases reported. A critical review, 
particularly concerning hemorrhage before labor, has been presented by KESSLER 
and, more recently, ßiLEK, ROTH & PISKAZEOK describe a hemoiThage from a 
marginal vein, occurring during dilatation of the internal os in a low implanted 
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placenta. The possibility of deciding whether fetal vs. matemal hemorrhage is 
taking place in intranatal vaginal bleeding, by the use of differential erythrocyte 
staining, has been referred to by BEER; WAIDLand others. ScHEUNER has describ
ed in detail the histologic structure of vessels and membranes of nine cases of 
velamentous insertion. He describes a firm structural anchoring of vessels in the 
chorion laeve by perivascular collagen fibers and holds this anatomic arrangement 
responsible for the frequent vascular tears in cases of vasa previa. 

Fig. 11. Velamentous Insertion of umbilical cord 2 cm from margin with complete thrombosis of the velamentous 
chorial vein (outlined in white) and mural thrombosis of another surface vein (arrows). See text. 

In addition to the hazard of hemorrhage from velamentous vessels, these may 
also thrombose and thus interfere with the normal fetal circulation. Such a case 
is shown in Figure 11 . In this patient, prenatal vaginal bleeding bad occurred and 
the baby bad extensive hemorrhagic phenomena at birth ( RAUSEN & DIAMOND) 
which were apparently related to the very extensive thrombosis of two !arge 
tributaries of the umbilical vein. It is probably significant in this case that the 
portion of membranes carrying the velamentous insertion was near the internal 
os and extensive decidual necrosis with hemorrhage bad taken place beneath it. 

BRODY & FRENKEL find that 22 of their 32 cases (68%) with marginal insertion 
of the cord experienced premature Iabor. They postulate an interference with blood 
flow and cite evidence which indicates an increased frequency of prenatal bleeding. 
EARN finds post parturn hemorrhage in 52% of his 54 cases which is not explained 
nor is it referred to in other studies of the subject. SHANKLIN presents a detailed 
analysis concerning the relationship between the insertion of the cord and the point 
of rupture of the fetal membranes. He finds a striking correlation in that, when the 
cord is eccentrically placed, the point of rupture occurs nearest the insertion of the 
cord (89.9%). The correlation also held for marginal and velamentous cords and it 
appears to us that this finding agrees with the notion, expressed by others, that 
placentas with abnormally placed cords are usually implanted low in the uterus. 
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The explanation for the formal genesis of velamentous insertion has been 
discussed extensively in the literature. W AIDL summarizes the two principal and 
opposing views: 1) The umbilical cord developed primarily on the opposite pole 
of the implanting blastocyst (v. FRANQUE}; 2) subsequent to normal implantation, 
the placenta "wandered away" from the original site because of "trophotropism" 
(STRASSMANN} and thus leaves the already inserted cord in what is to become 
atrophic chorion laeve. Various specimens have been interpreted to favor the 

Fig. 12. Spontaneous abortion at 20 weeks with intact amnionic sac. Fetus (18 cm CR) has his head through loop 
of vasa previa. Velamentous insertion of cord at arrow. 

former view; for instance, the case of MEYER (1923) in which the cord inserted 
on the opposite pole, on the membranes, significantly in one of twins. Presumably 
it is still the prevailing hypothesis (POTTER; EASTMAN & HELLMAN} and GROSSER 
apparently also supports this view. Other authors have presented evidence to 
support the notion that subsequent placental expansion, with possible atrophy 
ofthe area where the cordwas inserted primarily, may be the cause ofthis anomaly. 
While the teleologic argument of trophotropism (see GROSSER, p. 207) may not 
be the most satisfactory, the evidence favors such an interpretation. Thus, in an 
old case reported by HAHN, the aborted specimen was in such a low lying position 
that little doubt exists that a marginal or velamentous cord would have develop
ed. GROSSER cites Essen-Möller (p. 329) as finding that mostimmature placentas 
possess a more centrally placed cord than do mature specimens. On the other 
hand, in occasional aborted specimens (at 20 weeks, Fig. 12) a fully developed 
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velamentous insertion is found. W AIDL finds that the velamentous cord, centrally 
placed between the two Iobes of his pl. bilobata, can only be explained by STRASS
MANN's theory. ToRPIN & HART present many similar specimens and, combined 
with their reconstruction of the fetal bag under fluid, they leave little doubt that 
their placentas must have implanted in a lateral sulcus and expanded to both 
sides. We find considerable support for this view also in the frequency with which 
velamentous and marginal cords are found in twin pregnancies. In our opinion 
(BENIRSCHKE, 1965), competition for space by developing twin blastocysts, which 
happened to implant side by side, is the most reasonable explanation in multiple 
pregnancy with velamentous cords (7%, seealso twin chapter). Moreover, when 

Flg. 13. Velarneutons Insertion of cord approximately 7 cm from left placental margin. Membranous vessels are 
distended but intact. Premature delivery. 

the individual vessels of the cord are dissected in velamentous insertions, it is 
found that the collateral interarterial anastomosis (BACSICH & SMOUT) is present 
at the site of insertion of the cord on the membranes (Figs. 13, 14). Thence the 
vessels ramify over the membranes and onto the placenta as usual. We consider 
that this beha vior of the vasculature testifies to the form er presence of a relati vely 
normal placenta, the bulk of which has developed laterally, leaving behind the 
atrophied portion beneath the cord, perhaps because of poor maternal circulatory 
conditions at this site or pressure from an expanding twin placenta. In our view 
then, implantation occurred normally and, during the placental expansion phase, 
this anomaly arose by lateral development and central atrophy. Future detailed 
study will have to show whether this view can be supported by the technique 
employed by CRA WFORD. 

Further support for these considerations comes from the finding that vela
mentous insertion of the cord is correlated with the absence of one umbilical 
artery. Already BALLANTYNE had noticed that "placental anomalies", including 
abnormal insertion of the cord were frequent accompaniments of sympodia and 
BENIRSCHKE & BROWN noted an association of abnormal placental shapes, 
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including velamentous insertion, with an absent umbilical artery which, in turn, 
was associated with malformed infants frequently. This was confirmed by LITTLE 
who found that 12.5% of placentas with velamentous insertion also lacked one 
umbilical artery. LITTLE considers the anomaly an aplasia while we have presented 
evidence that atrophy of one artery may be more frequently the basis for this 
cord malformation (BENIRSOHKE, SuLLIVAN & MARIN-PADILLA). It is conceivable 
also then that such abnormal placental expansion plays a röle in fetal maldevelop
ment. KRONE has studied this problern in considerable detail and summarizes all 
of the pertinent literature. He describes the development of a large number of 
newborn infants in whom the insertion of the cord is known. Among 5,154 normal 

Fig. 14. Same as Figure 13 after formalin fixation. The umbilical vessels are dissected. V ein above, arteries below. 
The arterial anastomosis occurs above Figure 3 of ruler, about 2 cm from the velamentous Insertion of the cord. 
At the alte of Insertion, the vessels brauch normally and course to the placental margin (white ring) at right. 

See text. 

newborns, the cord inserted: Near the center 82%; very eccentric 12%, marginal 
or velamentous 6%. In 60 malformed infants, on the other hand, the percentages 
were 44%, 23% and 33% respectively. He is careful in his conclusions, asking for 
statistical evaluation of very large material; nevertheless, the association of 
velamentous cords with fetal malformations is striking and demands a sound 
explanation in future studies. MoNIE finds velamentous insertion of the cord 
more commonly in abortions (28 of 183 cases) and stresses the frequency of 
associated anomalies. This author also considers in lucid detail the genesis of this 
placental anomaly with excellent diagrams which depict the various divergent 
theories. 
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Interpositio velamentosa. lnsertio funiculi furcata 

Interpositio velamentosa is an anomaly of cord insertion in which the cord 
substance continues to surround the blood vessels to the chorion frondosum al
though it appears as though the cord has a velamentous insertion. This anomalaus 
placentation has been described by ÜTTOW (1923 A) and it differs presumably 
from the velamentous insertion in its etiologic mechanism. ÜTTOW believed it to 
be formed because of a primarily deficient development of the exocoelomic cavity 
or perhaps because of failure of proper expansion of the amnionic sac. The condi
tion must be extremely uncommon. 

An entirely different type of anomalaus insertion of the umbilical cord is the 
insertio funiculi furcata. Here, the cord inserts over the chorion frondosum but 
prior to its insertion, the vessels have lost their protective surrounding of Whar
ton's jelly and they are seen to brauch (furcate) before reaching the chorionic 
plate. As a consequence of this they are prone to injury. H YRTL has described 
this uncommon anomaly with three cases and emphasizes that it must be separated 
as an entity from velamentous insertion. HERBERZ finds two such cases in 6,000 
births but our experience indicates that this type of placental development must 
be much less common. His other four cases concern velamentous vessels and we 
find that his attempts at revising the terminology are difficult to accept. Other 
cases have been cited by ÜTTOW (1923 B) and KESSLER brings the Iiterature up 
to date. The latter author is particularly concerned about the apparent frequency 
with which antenatal hemorrhage takes place from these abnormal vessels. He 
presents an excellent photograph of his case in which a free arterial brauch (? the 
interarterial anastomosis) had thrombosed and was torn. There were degenerative 
changes in the arterial wall and it is assumed that the anomaly has its origin in 
very early embryonie life. We cannot agree with his statement, however, that 
cord vessel thrombi are exceedingly rare. Sv ANBERG & WIQVIST report the third 
case of prenatal hemorrhage from a vei.n in a stillborn infant with furcate cord 
and present an extensive review of the literature. In their case, the cord had a 
marginal insertion and the vessels were devoid of Wharton's jelly cover over a 
distance of 4 cm. 

So far as the etiology of this anomaly is concerned, it is as yet uncertain 
whether primarily abnormal development is the cause of furcate cords as KESSLER 
suggests or if, at least in some cases, secondary degenerative events may lead to 
the denudation of the vessels. Wehave had occasion to study only one such case 
in which the examination suggests the latter mechanism. 

Case (courtesy Dr. E. V. Perrin): 21 yr. old primigravida, Coombs negative, nor
motensive, uncomplicated pregnancy and delivery at 40 weeks of a living child. 
Placenta is heavy (600 g) and measures 20 x 16 x 3 cm. Centrally inserted 50 cm cord 
forming a "cone-like" swelling near the chorionic surface. The "cone" is made up of 
extremely dilated, tortuous vessels which contain Iaminated thrombi (Fig. 15). 
Chorionic vessels also contain thrombi here and there, at times they are occlusive. 
There was striking edema of the yellowish discolared fetal surface. The enlarged and 
partially thrombosed vessels in the furcate portion of the cord were not covered by 
cord substance. More proximal, the edges of the torn surface of the cord showed no 
evidence of inflammation or other pathologic features. Because of the recent nature 
of the thrombi and the extreme dilatation of the vessels in the region of the defect, 
we assume that this case represents adegenerative disruption of Wharton's jelly and 
cord surface. Perhaps it occurred traumatically although there is no such history. 
In any event, it is difficult to believe that the condition had been in existence during 
all of fetallife. It is of interest, however, that in this case, as in many of those reported 
in the literature, thrombosis of the exposed vessels had occurred. 

A final vascular anomaly of the placental surface is shown in Figure 16. The 
central area of atrophy is similar to the picture seen in placenta fenestrata (HYRTL}. 
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The venous ring present in this placenta resembles that described by GROSSER 

(p. 397) and undoubtedly it dates to early stages of development. 

Fig. 15. Placenta with central insertio furcata funiculi. The wrinkled remains of a torn, stained cord substance 
lie near the center and below this, the congery of distended, thrombosed cord vessels is exposed. 

(Courtesy Dr. E. V. Perrin). 

Fig. 16. Unusual distribution of major fetal vessels in "battledore" placenta. Central white area is made up of 
ftbrous placent.al tissue and undoubt.edly Jay over marginal uterine sulcus. Note complete ring of vein. 
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Placenta extrachorialis (Placenta marginata and circnmvallata) 

The term placenta extrachorialis was introduced by R. MEYER (1909, 1912) 
and covers those conditions in which, on gross inspection, it is found that the 
margin of the chorionic surface of the placenta is exceeded by a projection of 
villous tissue. This lateral projection may extend around the entire periphery of 
the placenta or it may involve only portions of the circumference (pl. extra
chorialis totalis and partialis). If at the edge of the chorionic plate a fold is found, 

Fig. 17. Term placenta extrachorialis. At right margin the membranes have a circumvallate arrangement with a 
distinct fold formed, the remainder is "circummarginate". 

which in typical cases may be elevated (Figs. 17, 18), then one speaks of a placenta 
circumvallata while, if the chorion laeve arises here without such a fold, the term 
placenta marginata ( circummarginate placenta) is employed. Often the two terms 
are used interchangeably, particularly in the older Iiterature andin many speci
mens (Fig. 17) the two conditions exist side by side. These factors influence figures 
concerning the incidence materially. They have been discussed extensively in the 
two major reviews of the subject by WILLIAMS and ScoTT. These authors also 
collect various other terminologies which have been employed to describe the 
extrachorial placentas and ScoTT quotes the apparently earllest description of the 
condition by Hunter. We have previously (1962) stressed that placenta extra
chorialis is to be separated from the extrachorial or extramembranaus develop
ment of the fetus, a rare complication of pregnancy which is occasioned by rupture 
of membranes during pregnancy and is not then followed by delivery. Cases of 
this nature have been considered by BAR and HOFBAUER. 

Placenta extrachorialis is perhaps one of the most interesting developmental 
aberrations ofthe placenta, not so much because ofthe attending obstetric compli
cations or the relative frequency with which it occurs, but because of the etiologic 
mechanisms which Iead to its formation. If toxemia of pregnancy is generally 
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considered tobe the "disease of hypotheses" among obstetric conditions, placenta 
circumvallata ranks as the "placental anomaly of hypotheses". When the first 
major contribution in English appeared, WILLIAMS summarized ten different 
etiologic arguments which claimed to explain the morphogenesis of extrachorial 
placentas, some diametrically opposite one to another. To these, several new 
ones may be added which are summarized by SooTT. 

On gross examination, in placenta marginata the chorionic surface is smaller 
than the villous portion of the placenta. At its edge it rises steeply or, if adherent 

Fig. 18. Plica of another circnmvallate placenta showing Iimit of chorion and a strand of amnion which does not 
participate in the folding . Note restriction of surfacc vessels to the edge of chorion. 

to the crescentic projection of villous tissue, it may be peeled away without 
disrupting the superficial villous tissue. In other words, no villi arise from chorion 
lateral to the edge of the apparently too small "chorionic plate", this term being 
here used in SooTT's sense. Consequently, it is a striking feature of all types of 
extrachorial placentas that the large fetal vessels terminate in the chorion at the 
edge of the ring (Figs. 17, 18). Lateral to this apparent disappearance of the 
margin, these vessels pursue an unaltered straight course, only tobe placed deeper 
in the placenta, as the radiograph (Fig. 19) of an injected specimen of SooTT 
indicates. PINKERTON makes the point that the lateral edge in marginate placenta 
is not elevated, in cantrast to the finding in the circumvallate type. Here, the 
edge is distinctly raised, a small recess being formed by a plica (Fig. 18) and some 
lateral placental tissue may even be undermined by the fold. This plica of the 
placenta circumvallata may enclose in its center a variety of tissues. SooTT stresses 
this point and he enumerates the various types of plicae found on histologic study 
and presents their morphology. Briefly, the plica may be composed of a folded 
amnion and chorion only; it may contain ghost villi (67%), fibrin and blood clot or, 
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most uncommonly, it may contain active villi. In most specimens, there is a 
variable amount of fibrin and degenerating coagulated blood in this location. 
Grossly, it seems to encircle the peripheral edge of the chorion and microscopically, 
decidual cells are often intermixed in the debris (Fig. 20). In cross sections, or 
when a whole specimen is distended under water, the appearance of a collar button 
(ToRPIN 1955) is suggested. The reduction ofthe size ofthe chorial surface is often 

Fig. 19. Radiograph of placenta extrachorialis with fetal vessels injected with barium sulfate suspension. The 
circular wire marks the edge of the chorionic plate. Note that most !arge fetal vessels pursue a straight cours. 
past the edge of the chorlon, as would be expected of a normal placenta. (Reproduced from J. Obst. Gynaec. 

Brit. Emp. 67: 904, 1960. Flg. 13, by courtesy of J. Scott & Publishers). 

striking, however, such specimens as shown by ScOTT (his Fig. 5) and by NESBITT 
(his Fig. 38) are extremely uncommon. The remainder of the placental tissue, 
membranes, cord and decidua shows no recognizable anomalies. This aspect has 
been analyzed in detail by ScOTT (his Table III) who finds only some positive 
correlation with twin placentation. While the anomalous development of the 
circumvallate placenta is more characteristic for a mature placenta, it has been 
observed in midpregnancy or even before on occasion. The youngest convincing 
specimen we have seen depicted isthat by ToRPIN (1955) at l6Yz weeks gestation. 

It has been mentioned that difficulties exist concerning an estimate of the fre
quency of extrachorial placentas. WILLIAMS finds typical circumvallation in 2% of his 
practice and renounces the term marginate placenta. PINKERTON finds 22.5% marginate 
placentas and 2.5% circumvallate placentas. Similar figures are given by other authors; 
they are summarized by ScoTT (his Table II), who finds 18% extrachorial placentas 
himself. 
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Much controversy has also arisen about the possible clinical importance of this 
anomaly. WILLIAMS finds the condition to be without any clinical significance and, 
because of his stature, he has influenced many subsequent writers. He cannot 
understand HERFF's experience that 39% of patients requiring manual removal 
of the placenta had an extrachorial placenta. In recent years, many series have 
been collected which indicate that hemorrhage is a frequent accompaniment or 

Fig. 20. Margin of circumvallate placenta. The grey homogeneous tissue under the plica contains a few atrophic 
villi enmeshed in ftbrin and degenerating clot (H & E, x 4). 

sequel of this type of placentat\on. EARN describes the coincidence of premature 
Iabor with circumvallation (7 of 10). MoRGAN records a striking increase in pre
partum and postparturn hemorrhage in her 204 cases of partial or complete circum
vallate placentas and in 6.37%, manual removal was necessary. These placentas 
were also associated with doubled stillbirth and prematurity rates and she con
siders the probability of its recurrence in subsequent pregnancies (see also HuNT). 
ScoTT, on the other hand, finds no increased repeat occurrence rate. TORPIN (1955) 
also finds an increased frequency of vaginal hemorrhage and PINKERTON records 
a high incidence of postparturn hemorrhage (22%), a finding also described by 
ScoTT (7.4%) who is more impressed by antepartum bleeding (ll.8o/o). This 
author (ScoTT) tabulates all other associated factors and has also seen hydrorrhea 
in two cases, thought by others to be an etiologic moment (PAALMAN & V ANDER 
VEER). Most recent authors then agree that the condition is pathologic and has 
frequent serious clinical sequelae, contrary to the point of view represented by 
WILLIAMS. Indeed McKay & Hertig (quoted by ScoTT) find "that placenta circum
vallata is the one common anat01nical anomaly seen in placentae from second 
trimester abortions". SEXTON et al. showed that premature separation of the 
placenta may be initiated at the margin of a placenta circumvallata, finding ap
proximately 30% of their prematurely separated placentas to be circumvallates. 
P AALMAN & V AN DER V EER are of the opinion that the diagnosis can be suspected 
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before birth because of contractions, hydrorrhea and intermittent vaginal bleeding. 
In the most recent review of this condition, ZIEL agrees with these authors and 
presents additional evidence. 

In considering the morphogenesis of the extrachorial placenta and possible 
etiologic factors, it is most convenient to refer to three divergent summades of 
various points of view, since it cannot be assumed that the last word has been 
said in this field. GROSSER (p. 216) reviews the European literature; WILLIAMS 
analyses for the first time the literaturein English in the same year, and ScoTT 
presents the latest comprehensive review known to us. Because of the great 
number and the diversity of theories we find it prudent to recall a statement by 
v. BAER, made in his fascinating analysis of fetal-maternal vascular connections 
(1828), says he: "Es scheint mehr Noth zu thun, durch Untersuchungen die Viel
seitigkeit der Meinungen zu beschränken, indem man ungenügende Beobachtungen 
widerlegt, die sich immer wieder geltend machen wollen," words directly applicable 
today in our attempts at defining the etiology and formal genesis of extrachorial 
placentas. In our opinion, ScoTT has made the most important recent contribution 
by demonstrating the course of the larger fetal vessels in radiographic studies 
(Fig. 19). This demonstration does much to invalidate some older notions. Any 
theory for extrachorial placentation must also be capable of explaining the follow
ing facts: marginate and circumvallate conditions often co-exist in the same pla
centa; partial extrachorial placentas are at least as frequent as placenta extra
chorialis totalis; marginate placentas (not circumvallates) aremorefrequent in 
multiple pregnancy, ScoTT recorded it to occur in 22.4% of all twins or, since they 
were all dichorial, in 30.6% of dichorial twins. 

Of the several older theories which were advanced to explain the pathogenesis of 
extrachorial placentas, we consider some (1-5) as unfounded: 1) Endometritis is usually 
absent, even in early specimens. 2) Cornual implantation is not often verified except 
in the three excellent specimens of in situ (tubal) circumvallates by LIEPMANN (review 
of endometritis, contractions etc.; this author also considers fluid loss with resulting 
"Stauchung"). Several other in situ specimens (TORPIN, ScoTT and others) show 
anterior or posterior implantation of circumvallates rather than cornual location and 
the amnionic cavity distension studies ofTORPIN & HART invalidate cornual pregnancy 
as the usual cause of the abnormality. 3) An initially excessively small chorionic plate. 
This view was championed by WILLIAMS who rejected all others theories previously 
pronounced. W e agree with ScoTT that this conjecture is untenable in view of his 
remarks on the normal incidence of extrachorial placentas in erythroblastosis and the 
continued expansion of the placenta throughout pregnancy (for review of expansion 
of chorionic surface and its variation with fetal sex see HAYE). 4) Too superficial an 
implantation has been considered as an etiologic moment by ScHATZ (quoted by 
GROSSER) and most recently again by HERTIG, we believe erroneously. In a superficial 
implantation (Macaca rhesus) a bilobed placenta as in Figure 2 is tobe expected and, 
in our opinion, TORPIN (1953, 1955) is correct herein his analogies. TORPIN holds the 
opposite view: 5) Too deep (excessive) an implantation into the endometrium and 
suggests (1955) five stages of depth at which the human ovum may implant, the 
deepest leading to the pl. membranacea, next in depth the pl. circumvallata (3-5%), 
next pl. marginata (35%), then the normal placenta (60%) and, the most superficial 
implantation leading to bilobation. GROSSER had already renounced this assumption 
of excessively deep implantation (LAHM) as the cause of circumvallation on the basis 
that no evidence is found for the necessary sequel, the marginal splitting of decidua. 
ScoTT finds it unsatisfactory because little evidence for an excessively thick decidua 
is found, although he is cautious in not rejecting it categorically. As we see it, it is not 
clear how these author!j would explain the partial nature of so many circumvallate 
specimens on this basis alone. 6) Decidua splitting at the margin is anormal process 
in placentation and has become an integral part of many theories on the etiology of 
circumvallation, particularly that of WILLIAMS. We agree with PINKERTON that this 
cannot explain wholly the anomaly, particularly the presence of a fold, although, 
being a normal process, decidua splitting at the placental margin must partake in its 
morphogenesis. 7) GROSSER (p. 216) states categorically: "Die echte Circumvallata 
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kann ka\UO anders erklärt werden als durch zeitweiliges Fehlen des Turgorsder Eiblase, 
wodurch deren Einfaltung am Placentarrand ermöglicht wird." While this assumption 
is no Ionger considered in the newer literature, the occurrence of hydrorrhea in many 
cases and its general plausibility should Iead one to reconsider this as a possible etiologic 
mechanism. The recent report by BAIN et al. reaffirms this position. In 11 of 20 preg
nancies with prolonged leakage of fluid, the placenta was available for pathologic study. 
It was circumvallate in nine instances. This reduction of pressure, combined with the 
doubtlessly important marginal hemorrhage as proposed by PINKERTON and supported 
by his data, are in our opinion the most likely answers to the question of morpho
genesis of the placenta circumvallata. ScoTT (1960, 1964) dismisses the existence of a 
marginal sinus of the placenta but he acknowledges the frequency of hemorrhage in 
this area and its correlation with extrachorial placentation. Indeed, the "fibrous ring" 
(?fibrin) of these placentas is believed to contract to cause repeat hemorrhage at the 
same site. Whether a rupture of the decidua capsularis, as suggested by LAHM, has 
an important röle in this connection remains to be verified. 

These considerations then suggest to us that implantation had not occurred in 
an abnormal manner but rather, accidents during gestation such as lateral 
hemorrhage and hydrorrhea may be responsible for the variable picture seen in 
extrachorial placentas. This would also agree best with the frequent finding of a 
partial placenta extrachorialis and the combination of the two types in the same 
placenta. Perhaps, the frequency of marginate placentas in twins vs. the apparent 
scarcity of the circumvallate type (we found only 5 in 250 sets of twins) is due to 
lateral expansion of villi in the former variety, and the intrauterine pressure 
occasioned by two fetal sacs, prevents a plica from forming more often in twin 
gestations. Until more is known about the etiology we hesitate to accept Goon
ALL's statement that circumvallate placentas result from a compensatory pheno
menon, rather, we think it connotes disturbed normal growth. Several mechanisms 
may conceivably result in morphologically similar entities and we cannot quite 
agree with ScoTT that all types of plicae described by him necessarily have the 
same etiologic background. 

A recent and extensive study by BüHLER concerns itself with the problems of 
the formation of the placental margin and brings together all pertinent literature. 
In this analysis, no correlation between the insertion of cord and pl. extrachorialis 
is found. 

For the sake of completeness, the macroscopic form anomalies found in our 
series of 250 twin placentas are presented in Table li. 

Table 11. Macroscopic form anomalies in 250 consecutive twin placentas. 

Placentation Succenturiate Chorio- Circum- CirciUO- "Irregular 
lobe angioma vallation margination chorionic 

fusion" 

Diamnionic 1 Monochorionic (74) 

Diamnionic 
Dichorionic 2 3 1 5 
Fused (85) 

Diamnionic 3 (1 abs. art.) (1 abs. art.) (2 both) 
Dichorionic 1 pl. mem- 2 (1 velam. 13 (3 abs. 11 (2 velam.) 
Separate (88) branacea cord) art.) cord 

One aspect of the morphology of extrachorial placentas has been difficult to 
explain, particularly when the chorionic plate is considerably reduced. It is seen 

Handbuch der pathologischen Anatomie VII/5 9 
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(Fig. 18) that the large chorial vessels seem to terminate at the edge of the plica 
and ScoTT has shown (Fig. 19) that their course is unaltered peripherally, they 
merely come to lie deeper in the placental tissue. How can this finding be re
conciled with the etiology of the condition, namely marginal hemorrhage? Arecent 
specimen (Fig. 21) probably provides the answer to this question. In this patient, 
late pregnancy vaginal hemorrhage led to premature delivery of a stillborn fetus. 
The placenta showed massive recent and old subchorial hematomas which had 
virtually separated the entire chorionic surface from the underlying placental 
tissue. When photographed under water, the numerous majorfetal vessels can be 
seen as they have dissociated from their chorionic fibrous surrounding and span 
through (removed) blood clot to the villous tissue. Many vessels are disrupted and 
this must have caused fetal exsanguination. The thick fibrinous wall is readily 
seen at the margin of the placenta. We believe it likely that a similar, albeit more 
gradual process, Ieads to the dissociation of fetal vessels from their chorionic 
support in pl. circumvallata. Subsequently, these become incorporated in the 
fibrin of the margin and are no Ionger visible on the surface. 

Fig. 21. Placenta of prematnrely delivered exsanguinated stillborn. Massiverecent and old subchorial hemorrhage. 
The fresh hematoma has been removed. From the undersurface of the chorion, fetal vessels course through clot 
to villi. Many vessels have been disrupted and are seen on the surface of the villous tissue and the ftbrinous ring. 

Extramembranous Pregnancy 

This is a most unusual pathologic finding in placental studies and, as the contri
butors to the subject have stressed, it should be separated from placenta extra
chorialis. On the other hand, since hydrorrhea has been a feature of this complication 
and because circumvallate placentas have been found associated with it, this separation 
may be unnecessary. 

BAR has surnmarized the older literature and presents several pertinent cases with 
exemplary photographic evidence. In two instances, the fetuses developed in the 
chorionic sac, extra-amnionically because of early rupture of the amnion. There were 
no apparent complications and deficient development of the amnion is postulated. 
In another case, hydrorrhea during midgestation apparently occurred at a time when 
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amnion and chorion ruptured and allowed the fetus to escape. This was followed by 
extrachorionic and apparently normal development of the fetus for several weeks 
thereafter. Finally, BAR presents evidence which proves that the "dividing membranes" 
of dichorial twins may, at times, rupture and allow for the knotting of the two umbilical 
cords (see twin chapter). The development ofpl. extrachorialis in some ofthe specimens 
depicted by BAR is readily apparent and pointed out in the discussion following his 
paper. HoFBAUER describes another case, observed in situ and provides an excellent 
picture. The most recent contribution we find on this subject is by SmDALL who 
reviews the Iiterature (over 50 cases). He has a patient with intermittent hydrorrhea, 
from midpregnancy to delivery at 31 wks. The infant expired in two hours. Study of 
the placenta under water shows the membranous sac to be of the size expected at the 
onset of hydrorrhea. The photograph shows a wide margin of extrachorial placenta. 
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111. Amnion and Chorion 

The structure of the fetal membranes has been elucidated by the numerous com
parative studies of BAUTZMANN and bis colleagues. A complete summary of the 
Iiterature of normal and pathologic findings in amnion and chorion is found in the 
monograph of BoURNE who, in several studies, has contributed greatly to the under
standing of the pathology of the membranes. He distinguishes five distinct layers of 
the amnion and four of the heavier chorion, considers their embryologic derivation 
and possible function. Of particular interest in this context is the behavior of the 
epithelium. Among others, LANGE bad previously pointed out the presence of inter
cellular bridges between the epithelial cells of the amnion, observations borne out by 
electronmicroscopic studies of BoURNE & LACY who also demonstrated the presence 
of a microvillous surface toward the embryo (BAUTZMANN, ScHMIDT & LEMBURG). 
BAUTZMANN & HERTENSTEIN found no bridges in the amnion of the first trimester of 
pregnancy (10 cm fetus) but demonstrated their presence at term. At the base of the 
epithelial cells, these authors were able to demonstrate "feet"; these basal processes 
were again demonstrated electronmicroscopically by BoURNE & LACY and the complex 
nature of cell surfaces presumably aids in fluid exchange. In an excellent fine structure 
study of amnion, THOMAS has provided evidence for a secretory function of this 
epithelium. 

There is considerable variability in the appearance of the epithelial cells. 
At times they have a tall columnar shape, at others they are flat or cuboidal. 
While this aspect has been studied on many occasions, it is difficult to correlate 
these findings with pathologic states or abnormalities of pregnancy. LANGE; 
BAUTZMANN & HERTENSTEIN and others have drawn attention to the fact that 
the differences in the appearance of the epithelial cells of both, umbilical cord 
and amnion, may often be the result of shrinkage because of the release of tension 
after delivery or the manner in which the cord is cut. Different pictures were 
observed by LANGE when cord sections were prepared longitudinally and trans
versely, before or after fixation of the cord. BouRNE demonstrates a difference in 
the "valleys" of sections as compared to the apices offolds and also holds shrinkage 
responsible for a variety of artifacts. At the same time, this author demonstrates 
that exposure, particularly to meconium and some other injurious substances, 
is likely to cause degenerative events. Thus, the club-shaped tall columnar cells 
are more commonly seen after meconium discharge and BouRNE considers these 
as first stages of degeneration. Similarly, the large balloon-cells of BAUTZMANN & 
HERTENSTEIN are believed to be degenerative events. While these areas were 
considered possibly to be degenerative in nature by these authors, BouRNE pre
sents convincing photographs which indicate that they are extracellular spaces 
rather than ballooned cells, representing extremely dilated intercellular canals. 
He demonstrates the "streaming" of meconium through these canals when flatten
ed membranes are exposed to meconium in vitro. In flat preparations of the 
amnion, a method of study employed most extensively by BAUTZMANN, these iso
lated defects are frequently seen and probably represent the spaces occupied 
formerly by single degenerated cells (BouRNE). At times larger areas of epithelium 
are denuded and BAUTZMANN & HERTENSTEIN discuss the oftmentioned possible 
cause of scratchmarks by the fetus. They consider this an impossible cause of the 
defects. Glycogen is present in epithelial cells of the early placental amnion in 
abundant quantities (McKAY et al.). Later in pregnancy it decreases appreciably 
and is found in larger amounts only in cases of matemal diabetes. BAUTZMANN & 
SeHRÖDER find numerous cytoplasmic vacuoles but could not demonstrate fat or 
mucus within these spaces. They consider the vacuoles as secretory phenomena 
and, in another contribution (BAUTZMANN, ScHMIDT & LEMBURG), they observe 
pinocytotic absorption of experimental material by the epithelial cells. 
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The degenerative changes of the amnionic epithelium which are most frequently 
met with in the routine histopathologic study of the placenta are depicted in Figures 
22-28. The most common abnormal finding, inflammation, is discussed in a separate 
chapter. 

Fig. 22. Early degeneration of amnion eplthelium after 
exposure (20 hrs.) to meconlum. Note columnar, pseu
dostratifted epithelium with pyknosis. At arrows several 

meconium-laden macrophages (H & E x 400). 

Figure 22 is from a placenta which 
was intensely meconium-stained be
cause of cephalo-pelvic disproportion 
during labor. It is assumed from the 
clinical history that meconium may 
have been discharged perhaps 20 hours 
before delivery. The epithelium is 
heaped, and pseudostratified, with 
nuclear pyknosis and presenting the 
clubshaped cellular outline discussed by 
BoURNE. Moreover, at arrows in the 
compact layer of the amnion, several 
macrophages contain the granular 
greenish-yellow pigment which is so 
characteristic of meconium. Phagocy
tosis of such pigment is accomplished 
principally by macrophages which, like 
BouRNE, we consider to be identical 
to the macrophages of the villi, the 
Hofbauer cells. On the other band, both 
BouRNE and BAUTZMANN, ScHMIDT 
& LEMBURG present evidence that the 
fibroblasts are capable of ingesting pig
ments as weH. The macrophages may 

( 

• 

, 

I , 

Fig. 23. "Dividing membranes" of monochorionic, diamnionic twins. Meco
nlum discharge had occurred at right, leading to focal epithelial necrosis 
(top) and presence of meconium-ftlled macrophages (center, sce Fig. 24). 

(H & EX 250). 

be found within the amnion of the avascular "dividing membranes" of 
diamnionic monochorionic twins (Figs. 23, 24), thus demonstrating their am
nionic connective tissue derivation. They are not readily differentiated in the 
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sections of normal placentas where they lie apparently dormant, occasionally 
having a vacuolated unpigmented cytoplasm. Striking pigmentation of these cells 
by refringent hemosiderin granules takes place after hemorrhages or, more fre
quently, in erythroblastosis fetalis. 

When exposure to meconium is prolonged, the amnionic epithelium may de
generate completely and so will the subjacent tissues. This is particularly striking 
in the chorion laeve where extensive necrosis of the decidua takes place (Fig. 25) 
and meconium macrophages are seen interspersed in these areas of necrosis. In a 
pertinent case with longstanding exposure to the apparently toxic meconium 
(RUBOVITS et al.; BouRNE) we have seen necrosis, inflammation and meconium
laden macrophages in the superficial myometrium underlying the chorion laeve, 
when the uterus had to be removed surgically because of hemorrhage. 
Sterile inflammation (membranitis) and mural thrombosis of chorionic 
vessels are the ultimate outcome of 
longstanding exposure of the mem
branes to meconium. 

A ballooning, cyst-like degeneration 
of amnionic epithelium is shown in 
Figures 26 and 27 from a placenta of a 
twenty week abortion, occurring after 
three weeks of intermittent uterine 
hemorrhage. Finally, com plete necrosis 
of epithelium and subjacent fibrocytes 
may occur after fetal death. This is 
impressively demonstrated in the "di
viding membranes" of monochorionic 
twins (Fig. 28). The metabolic needs 
of the amnion are presuma bly met with 
only by diffusion from the amnionic 
fluid or the subjacent vascular struc
tures (chorionic tissue of the placenta, 
decidua of the membranes). When, at 
the meeting plane of two amnionic 
sacs of monochorial twins, no such 
underlying oxygen, etc. supply is 
available, the membranes must subsist 
on amnionic fluid content alone. Either 
the lack of oxygen or nutrients, which 
follows fetal death, or the taxins libe
rated after the death of one fetus then 
cause the necrosis seen in Figure 28. 

Fig. 24. Higher magnification of three vacuolated, 
granular meconium-filled Hofbauer cells from Figure 23. 

(H & E X 1200). 

Most authors are agreed now that the amnion possesses no vasculature of its own, 
nor has it lymphatic vessels. The exceptional view by DoNSKIKH is not supported by 
convincing photographs nor is it affirmed by other observations (BouRNE; BAuTz
MANN). Similarly, smooth muscle elements, searched for extensively in the comparative 
studies of BAUT7.MANN and his colleagues, are deemed absent from the human amnion. 
The epithelium is now generally regarded as dividing only by mitosis (BAUTZMANN; 
BouRNE) as the extensive use oftbis tissue for tissue culture celllines has also amplified. 
On the other band, careful quantitative studies by SeMWARZACHER & KLINGER have 
shown that in the mature amnion epithelium few mitoses occur and multinucleated 
cells may even derive through a process of amitosis. The evidence for the latter con
clusion, however, is still not complete. 

The amnion serves as a useful tissue to determine the chromatin sex of the con
ceptus (KLINGER) andin an abnormal, mosaic 60 mm embryo, KLINGER & ScHWAR-
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ZACHER dernonstrated eonvineingly that the eonneetive tissue eells are genetieally 
different frorn the overlying epithelial elernents, presurnably then dernonstrating dif
ferent aneestor eelllines. In ftat preparations of the amnion of this XYjXXY rnosaie 
eoneeptus, areas of ehrornatirr positive (XXY) epithelium overlay ehrornatirr negative 
(XY) eonneetive tissue and vice versa. 

• .r . 
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Fig. 25. Advanced degeneration of amnion after ex
posure to meconium, necrosis of decidua. Meconium 

laden macrophages at arrows (H & E x 200). 

On the surface of the amnion, more 
frequently on the surface of the umbi
lical cord, one finds often concentric 
areas of epithelial hyperplasia which 
have come to be known as squamous 
metaplasia (Figs. 29-31). BouRNE has 
pointed out that the term is a misno
mer in that the epithelium of the am
nion is normally squamous in type. The 
epithelium of the cord is similar but it 
is made up of two to three layers of 
epithelial cells (LANGE}. Moreover, none 
of the unusual conditions which precede 
the occurrence of squamous metapla
sia on the mucous membranes, e.g. irri
tation, inßammation, etc., is known to 
be associated with squamous metaplasia 
of the amnion. These nodules vary in 
size up to several millimeters, have a 
pearly-white sheen and they may be 
picked off the surface with difficulty. 
They are much the most numerous near 
the insertion of the cord and form a 
regular feature of the rough cord in 
ruminants. BouRNE reviews the inci
dence (4-60%), the figures being unre-
liable as these authors have not specifi

cally searched for the lesions in consecutive placentas. When an intact specimen 
is studied with great care, areas of squamous metaplasia may be found in the 

Fig. 26. Ballooning degeneration of amnionic epithelium in 20 wks. abortus, three weeks after the onset of 
hemorrhage (H & E x 160). 
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majority of mature placentas. Histologically, the lesion may show distinct ke
ratinization (Fig. 30) with keratohyaline granules or it may simply be composed 
of hyperplastic epithelium which stains deeply eosinophilic (Fig. 31). 

Fig. 27. Same as Figure 26. The cyst-like spaces are interpreted as dilated intercellular canals in the light of 
BOURNE's findings. (H & E X 400). 

Fig. 28. Selective necrosis of right amnion epithelium and superficial connective tlssue in intrauterine death of 
one of monochorionic diamnionic twins. (H & E x 250). 

Despite various attempts, no associated pathologic events are known to occur 
with squamous metaplasia and we regard the condition as a physiologic variant of the 
normally single-layered amnionic epithelium. We have been interested to ascertain 
whether it is more commonly associated with congenital ichthyosis of the fetus but 
have not been able to study such specimens. BoURNE quotes Lyell as having surveyed 
the Iiterature regarding this possible association. He finds no such correlation, only 
one case report (CosTON) having described a single such instance, while all other 
placentas of infants with congenital ichthyosis had normal membranes. In CosTON's 
case, the premature ichthyotic infant was accompanied by an unusually large placenta 
and "on the surface of the amnion and umbilical cord many ichthyotic patches were 
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easily found, and the amnion was three or four times as thick as in the normal state." 
It is possible then that, at times, the genetic trait of the epidermis is shared by the 
amnion in this condition. The occurrence of "reserve cells", presumably the source 
of the hyperplastic cell proliferation in squamous metaplasia (Fig. 31), has been de
scribed by BoURNE who also depicts an "epithelial horn" in this condition. 

Fig. 29 . "Squamous metaplasia" of amuion. Numerous small gray nodules are prescnt over the entire surface of 
the amnion in this case. most notlceably over the vessels. Normal term pregnancy. 

Fig. 30. Histologie appearance of lesions in Figure 29. A patch of hyperplastlc epithclium with keratinization 
amidst otherwlse normal epithelium. (H & E x 100). 

In contrast to squamous metaplasia, the nodules of amnion nodosum, "Amnion
knötchen," have a specific pathogenetic mechanism and they are of considerable 
interest to the obstetrician and pediatrician in the care of the newly born. Amnion 
nodosum is much less frequently found on the placenta and it reßects a deficiency 
of amnionic fluid (oligohydramnios) over a long period of time, the cause of which 
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is variable. The nodules are relatively uniform, often yellowish and more easily 
picked off the surface of the placenta. On occasion, they extend onto the amnion 
of the chorion laeve and the umbilical cord (BOURNE) but this is not very frequent 
(BLANC, personal communication). The nodules are composed of vernix with fat, 

Fig. 31. In another case of "squamous metaplasia", the hyperplasia of the eosinophilic epithelium is apparent, 
however, only very rare keratohyaline granules are seen. The layer of light-staining "reserve cells" is apparent 

beneath. (H & E x 250). 

Fig. 32. Amnion nodosum in ucardiac twin (sec Fig. 111) almost the entire amnionic surfaee is studded with 
nodulcs of vcrnix. (H & E x 40). 

desquamated epidermal cells and hairs and infrequently they are infiltrated by 
connective tissue cells from the underlying amnion, the epithelium having become 
necrotic (Figs. 32-34). The adjacent amnionic epithelium may regenerate over the 
lateral edges of the nodule and partially cover the foreign matter. It is assumed 
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that the Iack of amnionic fluid causes focal degeneration of the epithelium, perhaps 
because of pressure, perhaps because of Iack of adequate oxygen supply. Then 
the clumped debris of vernix is pressed into the surface because of the close contact 
between fetal skin and placental surface. This is presumably also the reason why 
the lesions are less commonly observed on the umbilical surface. Later ingrowth 
of connective tissue as described by BLANC seldom occurs and there is no foreign 
body giant cell reaction to the foreign matter. 

Fig. 33. Higher magniftcation of nodule of case in Figure 32. Note the degeneration of epithelium and Iack of 
"organlzation" of the vernix deposit (H & E x 200). 

Amnion nodosum has long been recognized as a specific pathologic entity (lit. 
review by THOMPSON; BLANC et al.) but the clear association with deficient amounts 
of arnnionic fluid was established when LANDING (1950 A) described eight cases and 
also coined the term arnnion nodosum. BLANC has suggested the more descriptive 
name vernix granulomatosis; however, the lesion is not truly a granuloma in the 
pathologist's sense and this term has not gained acceptance. In all, the perhaps 
100 cases described to date do not reflect the incidence which BLANC et al. adjudge to 
be 1:1,000 deliveries from their data, and which is also our experience. Undoubtedly, 
most cases are not described or the placentas of pertinent instances are not studied. 

The association of amnion nodosum with oligohydramnios is now clearly estab
lished (THOMPSON; BLANC et al. ; BLANC ; J EFFCOATE & ScoTT; BouRNE; others). 
The reason for oligohydramnios in amnion nodosum varies, however. lt appears 
that, in most cases, a defective fetal urinary tract (renal agenesis, urethral obstruc
tion, etc.) is the cause. In other instances, however, prolonged fluid loss, retention 
of dead fetuses and "reduction of amnionic surface" in extrachorial placentas have 
been incriminated (JEFFCOATE & ScoTT ; BLANc; BLANC et al.). Diffuseamnion 
nodosum is often found in association with acardiac twins andin the oligohydram
nios of the smaller of monochorial twins in the "transfusion syndrome" (see 
Figures 96, 97, twin chapter). While it is more common toward the end of 
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gestation, it has been described in abortions (BouRNE) and WAGNER & TYGSTRUP 
present evidence of a deficient amount of amnionic fluid at 16 weeks because of 
renal malformations. They also review the Iiterature on the origin of amnionic fluid. 
While this topic is beyond the scope of this review, it may be pertinent to cite 
the more recent evidence that fetal urine does in fact partake in the formation of 
amnionic fluid. The secretion of fetal urine into the amnionic sac had been sug
gested by SCHATZ as the mechanism by which hydramnios was formed in the 

Fig. 34. Amnion nodosum in renal agenesis. Epithelium is preserved on either side of the vernix deposit which is 
not "organlzed". (Anilin blue x 140). 

transfusion syndrome of twins. TAPFER reviewed the Iiterature in 1935 and, in 
experiments with Na4FeCN6, demonstrated the intrauterine urination ll-12 hours 
after administration of the indicator. TRIERSTEIN et al. show an impressive pic
ture of a 36 wks. fetus whose bladder contained 4,200 cc of urine because of 
urethral obstruction and whose birth was complicated by dystocia. A similar case 
was described by KIRCHMAIR, and WEBER & ISRAEL, among others already cited, 
summarize the evidence that renal agene:;,is is associated with oligohydramnios. 
SELBY & PARMELEE describe such an instance in which the absence of fluid is 
particularly well demonstrated since the malformed infant was delivered in an 
intact sac. Most recently, THOMAS et al. inject a radiopaque medium into the 
antecubital vein of the mother and find it tobe excreted in the urinary system of 
living fetuses, once as early as 22 weeks gestation. BROWN et al. consider it probable 
that the renin which they find in amnionic fluid is derived also from fetal urine. 
There is little doubt then that fetal urine makes up a portion of the amnionic 
fluid, even in early pregnancy. The unsolved problern remains, to explain adequa
tely the apparently rapid exchange of this fluid with fetal and matemal fluid 
compartments which has been demonstrated in the elegant studies with one or 
two isotopes by PLENTL; HuTCHINSON et al. Just how much ofthisfluid is ex
changed by active transport or actual secretory activity of the amnionic epithe-
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lium, and what regulates the quantity of turnover and the direction of transfer 
are questions to be studied further. Pertinent Iiterature is to be found in the 
studies by ELLIOTT & INMAN; HuBER & KöHNE; JEFFCOATE & ScoTT; VosBURGH 
et al.; PLENTL & HuTCHINSON; FINK; ScoTT & WILSON; MACAFEE; MoYA et al.; 
HuTCHINSON et al. and the monograph by ScHREINER. In a recent summary of 
the problem, LILEY reviews the Iiterature and draws attention to the rarely 
considered presence of colloid substances in the amnionic fluid . These may be 
contributed by fetal urine and the author believes it possible that such content 
as urinary albumin have an important regulatory function for the maintenance of 
optimal amounts of amnionic fluid. He also stresses the need to separate con
siderations of fluid (or constituent) exchange, as against their production or 
removaL Possibly these are completely separate functions and, while interrelated, 
they presumably are governed by different mechanisms. In the absence of adequate 
production, or urinary contribution to the production ofthe fluid, oligohydramnios 
ensues. lf removal is deficient, polyhydramnios is the result. In either case, the 
defect is generally to be sought in the fetus, usually in malformations but oc
casionally, as in twins, in functional disturbances. There is practically no evidence 
that pathologic circumstances of the amnion itself play any röle in this equation. 
The elegant studies by TERVILÄ bear this out as weil. 

Fig. 35. Eccentric Insertion of urnbilical cord with recent (intranatal) subarnnlonlc fetal hernorrhage, issuing frorn 
vessels at Insertion of cord. Note unusual distribution of surface vessels and short distance of Interposition of 

urnblllcal cord. 

Ederna of the membranes is a frequent finding on examination of placentas 
and BouRNE suggests that the fluid is accumulated in the hydrophilic spongy 
layer which separates amnion from chorion and which is a potential space. 
BouRNE also alludes to the fact that movement between amnion and chorion (see 
PETRY) may take place in this region, thus allowing for a Ionger maintenance of 
an intact amnionic sac during Iabor. This shearing force between the two sacs, 
amnionic and chorionic, is further discussed by ÜPITZ & BERNOTH. These authors 
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study the structure of various portions of membranes with polarizing optics and 
relate their findings to the nature and the site of membrane rupture. After applica
tion of pressure, the birefringence of fibers disappears in the amnions of those 
placentas delivered following timely occurrence of rupture of membranes. On the 
other hand, prematurely ruptured membranes formed new orientations after 
application of pressure, and were also more resistant to the pressure. Moreover, 
in contrast to the normal placenta, in those organs with premature rupture of the 
membranes, amnion and chorion were firmly applied to one another. Perhaps 
it is these structural changes which explain the paradoxical finding of greater 
tensile strengths ofprematurely ruptured membranes, 0.299 kgfcm vs. 0.207 kgfcm 
(PoLISHUK et al.). Parenthetically, these authors (POLISHUK, KoRANE & PERA
NIO) had previously found high er tensile strengths and thickened membranes in 
some instances of hydramnios and twins. 

Similarly, MAcLACHLAN, who devises a method to study the strength of fetal 
membranes, finds that the strength is greater at younger gestations than at term 
and that intrauterine pressure cannot explain rupture at term. 

Not infrequently, focal or diffuse hemorrhage from chorionic vessels takes place 
in this potential space during Iabor (Fig. 35, see also Figures 32, 33 by NESBITT). 

Fig. 36. Focus of subamnionic edema in umbilical cord. This was one of two tense 1 cm "cysts" in an otherwise 
normal placenta. (H & E x 40). 

Usually, these hemorrhages and the accumulation of fluid are inconsequential and not 
associated with other placental pathology. The occurrence ofhemorrhage in abnormally 
inserted cords is discussed in the chapter on cord and fetal vessels. LEARY & HERTIG 
suggested that amnionic fluid debris may find its way to the maternal circulation by 
this route, while LANDING (1950 B) discussed the possible uterine factors in the patho
genesis of amnionic fluid embolization. This syndrome, originally described by STEINER 
& LuSHBAUGH, is summarized in these papers and that by BELLER et al. who also 
provide excellent photographs and up-to-date references. For further reviews see 

Handbuch der pathologischen Anatomie VII /5 10 
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SHOTTON & TAYLOR and ScoTT. These accumulations of dissected amnionic fluid must 
be differentiated from cysts, although some of the "true" amnionic cysts of BRET et al. 
undoubtedly represent traumatic dissection of amnionic fluid, occurring during the 
process of delivery. Most cysts seenon the placental surface are subchorionic in loca
tion and are considered in aseparate chapter. Very rarely aresuch local accumulations 
of fluid observed as that shown in Figure 36 which was present in the subepithelial 
layer of the umbilical cord. They have no clinical significance. The finding of a squa
mous epithelium-lined cyst within the chorion has been described in the chapter on 
cysts, as are the subchorionic cyst-like hemorrhages. We are unable to classify the 
presence of cartilage within the chorionic connective tissue of an otherwise normal 
mature placenta (Fig. 37). Two such nodules were present in this placenta and may 
represent the remains of twins or an unusual type of metaplasia. The latter is the more 
likely possibility, particularly in view of the experimental findings of ANDERSON et al. 
who showed that the injection of an established tissue culture line of amnion cells 
readily led to the development of nodules of cartilage and hone in cortisone-treated 
mice. Perhaps a similar development may take place at times when a few amnionic cell 
elements become displaced into the chorion and continue to grow. 

., .. 
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Fig. 37. One of two areas of mature cartllage in the cho
rion of an otherwise normal mature placenta. (& E x 100) 

A rare finding is the presence of 
amnionic bands or the adJ~esion bet
ween parts of the fetus and the pla
cental membranes. PATTERSON has 
reviewed the subject critically and 
finds that the portions of the fetus 
to which amnionic adhesions are 
bound are usually malformed and 
ulcerated. The most frequently des
cribed anomaly in this context un
doubtedly is anencephaly (Figs. 38, 
39), or exencephaly (WoYTON). 
However, POTTER (her Figs. 391-
394) depicts other malformations of 
the body stalk with eventration of 
viscera and partial extra-amnionic 
development of the fetus in amnionic 
adhesions. She assumes a primarily 
faultydevelopment ofthe bodystalk, 
the umbilical cord being unusually 
short in these specimens. In other 
cases, the defect of the amnion pre-
sumably occurred at later stages of 

development and it may then Iead to the completely extra-amnionic development 
of the fetus (BAR), premature fluid loss with apparently intact amnion (REIS
FIELD) or, still more uncommonly, to the development ofbands which wrap about 
the cord and may cause fetal death. HoNG & SIMON review the world Iiterature 
of those cases in which bands were knotted about the cord and find a total of 
thirteen reports. In their specimen, the amnion was adjudged to have been 
normal once. It then apparently ruptured over the placenta, rolled and knotted 
about the cord. No remains of amnion were found covering the chorion frondosum 
of their carefully studied specimen. The histology of such bands is not usually 
different from the normal amnion and it has been depicted by CoDY & UETZ
MANN, among others. In contrast, the adhesions to ulcerated fetal parts are dense 
collagenous membranes with degenerated epithelium (PATTERSON). The cause 
of the rupture of the amnion and the formation of bands is unknown. While 
inflammation has often been cited, usually there is no histologic evidence for it. 
Hydramnios, maldevelopment, rubella and other causes cited are equally specula-
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tive. LENNON considered that the bands have a different pathogenesis from the 
adhesions to malformed ulcerated parts of the fetus, a concept which is most 
plausible. 

Fig. 38. Amnionic adhesion to the dnra of an anencephalus. Relatively short umbilical cord. 

STREET & ÜUNNINGHAM have recently described a near amputation of a foot 
in a newborn where the band is described in great detail as resembling amnion 
closely. However, the placental surface and cord were entirely normal. They dis
cuss various aspects of teratogenesis in great detail. ToRPIN, GooDMAN and 
GRAMLING describe a newborn from whose month a 94 cm string was extracted 
which was attached to the placental surface. The amnion bad apparently ruptured 
prematurely and rolled up to form this string. In another case TORPIN, MILLER 
and ÜULPEPPER describo a newborn with digital amputations and club foot . They 
provide an excellent photograph of the placenta which indicates that the fetus 
must have developed extraamnionically, apparently again after premature rup
ture of the amnionic sac. These morphologic features were only recognized when 
the placenta was examined under water which allowed the much too small am
nionic sac todistend and demonstrated the fibrous bands. More recently, ToRPIN 
(1965) presents three similar cases and reviews the literature. Of interest in con-

10° 
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nection with the considerations of the etiology of pl. circumvallata (Chapter II), 
one of these cases had such an organ. WERTHEMANN has considered amputations 

Fig. 39. Same as Figure 3 8 to show broad adhesions between membranes and ulcerated, ventra ted contents of 
open skull and eventra tion of (intra-amnionic) vlscera. 

with and without proven b ands, broad adherences of fetus to placental surface 
and cord encirclement in great detail and pointed out that no uniform theory 
as yet is capable of explaining the etiologic factors involved. 
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IV. Pathology of the U mbilical Cord 

and Major Fetal Vessels. 

V estiges of Embryonie Structures. 

lntroduction 

In grouping the pathologic changes of the major fetal vessels tagether with the 
pathology of the umbilical cord it is recognized that their development and structure 
is intimately related. Moreover, an abnormal condition in one, e. g. excessively long 
cord, is often associated with pathologic events in the other e. g. thrombosis of vessels, 
and these events are frequently causally related. 

The embryology of the umbilical cord, of its vestigial structures and of the associat
ed regions has been treated in great detail in the rarely quoted book by CULLEN. In 
this comprehensive treatise, CuLLEN is aided by the exemplary drawings of Brödel. 
It was compiled at a time when only few actual human embryos had been described 
in detail. N evertheless, the relationship of the many structures which form, after 
complex developmental deviations, the final structure of the umbilical cord is traced 
completely in a series of drawings and descriptions from the original anlage of the body 
stalk. The readerwill find all of the older Iiterature treated in great detail by CuLLEN. 

The major portion of this work, however, is devoted to the diseases of the umbilicus 
and its associated structures, and is thus less pertinent to the present considerations. 

Vestiges and Remarks Concerning Normal Structure. 

Cysts. Edema. 

From the earliest moment of the delineation of a caudal body stalk to the 
evolution of the lengthening cord, a series of structures becomes incorporated 
into the cord by what HERTIG chooses to describe as the "prolapsing" of the 
embryo into the amnionic cavity. Considering these evolutionary steps, it is 
readily envisaged how the surface of the cord is composed of amnion, Iacks 
nutritive vessels and that its substance, the Wharton jelly, is ultimately derived 
from the loosely structured material in the extracoelomic cavity. This cavity 
is filled with a fluid to which McKA Y et al. refer as thixotrophic gel because of its 
liquefaction upon pressure. It can be seen to contain a network of delicate cells 
(extraembryonic mesoblast) in the various publications depicting early embryos 
(e. g. HERTIG & RocK). Possibly their incorporation, not only into the cord, but 
also between amnion and chorion, accounts for the peculiar, mucoid and com
pressible aspects of these regions. The importance of this faculty of the cord has 
been stressed by REYNOLDS who likens the result of a compressed Wharton's 
jelly (compressed by distended fetal vessels) to the rigid nature of erectile tissue. 
An incidental finding in REYNOLDS' study is the affirmation of the existence of 
the folds of Hoboken, demonstrable, however, only in man and not found by him 
in the cords of sheep and goat. He presents an excellent photograph of a cord 
vessel which was never allowed to collapse and contains the fold. The present study 
does not intend to cover the argument whether nervous tissue exists in the 
umbilical cord. Because of the pharmacological response of umbilical vessels, 
demonstrated by many authors recently and under physiological conditions (TEN 
BERGE; PANIGEL; others), this question has been reopened. The reader is referred 
toTEN BERGE who finds with methylene blue and also Champy-Coujard prepara
tions what he considers tobe nervous structures, associated with the fetal vessels 
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and capillaries. He also cites the older Iiterature on this subject. DAVIGNON & 
SHEPHERD, who find no norepinephrine in the umbilical artery, consider its 
contractile response myogenic rather than nervous. 

Wharton's jelly contains an abundance ofmast cells which can be stained selectively 
and which are most numerous around the vessels and at the periphery (MooRE). Their 
nurober and distribution varies widely and no definite function has been ascribed to 
their presence in the cord, although SuNDBERG, SCHAAR, PowELL & DENBOER discuss
ed their anticoagulant properties. BouRNE finds that an anticoagulant activity in the 
cord may be important because of the length and tortuosity of the human umbilical 
cord vessels. He summarizes all pertinent Iiterature and gives his own results. LEVINA 
is of the opinion that mast cells begin to accumulate after the third month of develop
ment. This author also speaks of numerous capillaries in the umbilical cord of the first 
three months, a finding for which we find no further support and which is not borne 
out by personal observations. The concentric arrangement of the jelly is said to occur 
mainly during the sixth to eighth months of development according to LEVINA. later 
it decreases. 

Fig. 40. Mature placenta with marked edema ("mucoid degeneration") of portions of the umbilical cord. Higher 
magnification (beiow) illustrates the translucency of Wharton's jeliy through which the vessels can be seen. 

Normal Infant. 

Occasionally, the entire cord or only portions of its length show what appears 
tobe an excessive accumulation ofWharton's jelly. Wehaveseen two such cases, 
both of which were associated with a term pregnancy and had a perfectly benign 
outcome. One of these is shown in Figure 40. When the cord was sectioned, a 
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large amount of viscid fluid escaped which jelled in Bouin's fluid. On microscopic 
sections, the only finding of note was the wide dispersal of the fibrocytes. CuLLEN 
mentions the occurrence of small cysts in the substance of young umbilical cords 
which he believes become organized. BERGMAN, LUNDIN & MALMSTRÖM find 
that "mucoid degeneration", if such term is properly applicable, is not uncommon 
in the cord and may give rise to cysts. They describe such a case and depict the 
3 cm large subepithelial cysts which contained mucoid fluid (see Fig. 36). There 
were no complications in this pregnancy. However, in another case the authors 
consider this change to be related to fetal death. In this case, a slightly post
mature child was delivered with meconiumstained amnionic fluid and the cord 
had a remarkable appearance. The two umbilical arteries wound around the vein, 
completely devoid of an outer protective envelope of cord substance. In what 
remained of Wharton's jelly, there were small mucoid cysts and it may be that 
a greatly distended mucoid cord had ruptured, leaving the vessels unprotected 
and prone to the inflammation and thrombosis the authors found. This reminds 
ofthe case reports on furcate cords (chapter II). Alternatively, it must be pointed 
out that meconium may cause surface degeneration and inflammation of the cord, 
as weil as of the amnion and chorion. A very similar anomaly with thrombosis 
ofvessels has been presented by NESBITT (his Fig. 36). JAVERT & BARTON consider 
that edema of the cord is usually found in vascular obstruction secondary to 
Iooping or torsion but they describe a case of what they consider to be primary 
edema and for which no cause was discovered. It was associated with a spontaneous 
abortion. In this connection it might be quoted that "the thin cord is a dangerous 
cord and the fat cord is a safe cord, all other factors being equal" (HALL), although 
we cannot support bis assumption that the poor outcome of his two cases of 
alleged "thin cords" is related to the absence of Wharton's jelly. In fact, at this 
time we do not know what factors control the water content, mass or composition 
of Wharton's jelly but recognize BACSICH & RIDDELL's comparison of this avas
cular tissue with cartilage and cornea. WALZ reviews the Iiterature on edema 
of the cord and finds it a very rare entity. He describes the incredible thickening 
to 7 cm of a cord in a normal, albeit small infant with otherwise normal placenta. 
The only other finding was the presence of calcified umbilical vessels. The cause 
is unknown but WALZ finds an exudate and believes that serous inflammation 
may have been responsible. 

Cysts within the cord may be of different origin than "mucoid degeneration". 
More often they probably relate to the vestigial structures, the omphalomesenteric 
and allantoic ducts. BROWNE refers to the report of one such cyst causing death. 
In the majority of cases, these vestiges present only curiosities and are usually 
seen at microscopic examination. CuLLEN has traced the development of these 
structures and considers most extensively the remains of the ducts in the umbili
cus. Traces of the omphalomesenteric duct are rarely recognized in the mature 
umbilical cord. The remains may be represented by a minute Iumen, lined by 
cuboidal epithelium and it is usually discontinuous when serial sections are made. 
Occasionally it is duplicated (Fig. 42) even in the absence of twinning. The duct 
becomes very greatly lengthened when the umbilical cord develops and of the 
original yolk sac only a minute yellow structure remains in some placentas, in 
many it cannot be found. When it is seen, it is located near the periphery of the 
placenta with rare exceptions. Figure 41 shows the relatively large remains of the 
yolk sac at its typicallocation in a mature placenta. It is invariably located be
neath the amnion, lying in the remains of the magma reticulare. U sually, no blood 
vessels are seen leading to this structure, the exception ha ving been shown in Fig. 43 
in a twin placenta. Despite its histologic appearance (Fig. 43) of strongly basophilic 
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debris, a gritty sensation of calcium is absent on gross examination. A. MEYER, 
however, describes the calcareous nature of its contents and discusses extensively 
its development. The rare occurrence of cysts in discontinuous portians of the 
omphalomesenteric duct and, more frequently the development of a fecal fistula 
through a Meckel's diverticulum, have been summarized by CULLEN. Similarly, 
WILLIS discusses the development of umbilical polyps due to persistence of 
omphalomesenteric structures. That similar tissue may occur within the cord 
substance proper has been demonstrated recently by HARRIS & WENZL. These 
authors excised a 4 mm red nodule from the umbilical cord of a newborn infant 
which was located approximately 4 mm from the abdominal surface. Histologically 
it was composed of pancreas 
and small intestinal mucosa 
and its origin is undoubtedly 
related to the omphalome
senteric duct. A more re
markable case of persistent 
duct tissue is described by 
BLANC & ALLAN. The large 
duct shown by these authors 
contained gastric mucosa, 
formed a mass l cm from 
the abdomen and had appa
rently caused ulceration and 
venous rupture with fetal ex
sanguination. At the margin 
of the ulceration, numerous 
calcified masses were present. 
CuLLEN (p. 189) draws atten
tion to the fact that in cases 
of a persistent omphalome
senteric duct, the cord is 
often considerably thickened 
at its base, up to twice its 
usual diameter, but most 

Fig. 41. Remains of yolk sac in term placenta (arrow), the small white 
nodule in left upper corner, the "umbilical vesicle", a small yellow 
subamnionic structure.Its marginal position at term is mostfrequent, a 
position attained in later pregnancy by contin. growth of the placenta. 

often such information is not available in case reports. He also redescribes a case 
of Gibb's in which a fecal fistula formed through a structure not dissimilar tothat 
of HARRIS & WENZL. 

Remnants of the allantoic duct are more frequently recognized. Moreover, their 
origin is more readily positively identified because of the constant location of the 
duct between the two umbilical arteries. CuLLEN finds that this position is retained 
in all instances. The duct may or may not contain a Iumen (Fig. 44). Its lining 
consists mostly of flattened epithelium which, at times, reminds of transitional 
epithelium. Smooth muscle is usually not found but the connective tissue of 
Wharton's jelly often assumes a concentric arrangement around the duct. Cysts 
have been reported to occur (BROWNE) and CuLLEN as well as WILLIS refer to 
urinary fistulas in newborns or retroperitoneal cysts arising from the patent 
urachus. WILLIS finds mucus-secreting epithelium in some such cases. 

Cysts containing omphalom esenteric blood vessels are quoted by CuLLEN as further 
remains of vestigial structures. He considers these to derive from the former extracoelo
mic cavity. Wehave been unable to find such remnants in placentas of viable pregnan
cies. Also, there are said to occur amnionic inclusions, forming cysts on occasion 
(CuLLEN ; BROWNE). However, great care must be taken that inadvertent tangential 
sectioning of the fixed and wrinkled cord does not mirnie the presence of a cyst. Thus, 
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in Figure 45 the space indicated by an arrow is an omphalomesenteric cyst while a 
space at the upper left, next to the only artery, is a deep fold ofthe cord surface which, 
in other sections easily might have been mistaken for an amnionic inclusion cyst. 
Serial sections have not always excluded this possibility. 

Fig. 42. Section ofterm umbilical cord with four remaining omphalomesenteric ducts.Lining is columnar epithelium 
with scant mucus secretion. Position at margin of cord is typical. The reason for this duplication is unknown. 

(H & EX 50). 

Fig. 43. Beetion through the remains of yolk sac over placental surface at term. Note the Joca tion of this amor
phous, basophilic mass beneath amnion and attached to spongious Jayer of chorion. (H & E x 20). 

On occasion, the mature placenta may contain remnants of omphalomesenteric 
vessels on its membranaus surface (Fig. 46) andin the cord (Figs. 47, 48). These 
may even contain fetal red cells and they must hence be considered to be actively 
circulated, as also their rare participation in an inflammatory process testifies. 
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These small vessels usually lack all muscular investment and they are thus 
easily distinguished from the allantoic vessels, tobe considered later. In sireniform 

Fig. 44. Two remnants of allantoic duct, left patent, right obliterated. Noteabsence of muscular coat. 
(H & E x 525; courtesy G. L. Bourne). 
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Fig. 45. Umbilical cord lacking one artery and with dilated omphalomesenteric duct at arrow. Crevices at left 
may easlly slmulate amniunic inclusion cysts. (H & E x 15; courtesy 0. L. llourne). 

monsters, it is said that the vitelline vessels develop to form the proper umbilical 
circulation (R. MEYER, p . 639). This is notborneout by our study and is consider
ed below. No other vessels or lymphatics are found in the cord and most authors 
are agreed that vasa vasorum do not occur (CLARKE). 
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Fig. 46. Chorionic surface with dilated channels of vitelline vein in chorion. Note the absence of muscular coat. 
(ll & EX 100) . 

. . 

-... . .... 
. . 

r ·~ ... # 

... .. 
Fig. 47. Same case as Figure 46. Umbilical cord with dilated omphalomesenteric duct at right and omphalo

mesenteric vein left. (H & E x 100). 

Fig. 48. Term umbilical cord with vltelline veins at top (arrow). At right, h!gher magnification to show the absence 
of muscular wall of vessels. (H & E x 16; x 100). 
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Length of Cord. Spiraling. Torsion. Knots. Hemorrhage. 

The total length of the umbilical cord varies considerably and it would be 
necessary to examine a very large series of consecutive material in order to 
encompass the extreme variations that have been reported. GROSSER (p. 393) 
reviews the older Iiterature of this topic. In a study of 177 cases, WALKER & PYE 
have determined the normal length by standard measurements which they 
obtained within one half hour of birth and which included the portion left on the 
baby. Their rangewas from 17.8 cm to 121.9 cm with a steep mean at 54.1 cm. 
In a careful analysis, these authors concluded that none of the following factors 
affected the length: Season, parity, age of mother, blood groups, height and 
weight of mother, presence of maternal toxemia, presentation or weight of baby, 
stillbirth, length of labor, length of baby. However, male babies had a slightly 
Iongercord than females and, in their study, the fulllength seemed to have been 
attained at 28 weeks of gesta
tion. MALPAS found the peak at 
61 cm and, when plotted on a 
logarithmic scale, hefound alinear 
progression. Despite this sugges
tion of a probable correlation with 
other parameters of fetal growth, 
none was found with respect to 
fetal or placental weight. He also 
charts the different lengths of 
cords in monozygous twins and 
discusses hemodynamic aspects. 
In 17% of the cases collected by 
WALKER & PYE, the cord was 
wound around the neck of the 
infant. In their series, as well as 
that of EARN, the occurrence of 
cords Ionger than 54 cm was more 
common than a shorter cord. 
EARN finds Iooping more fre
quently (23%) and associates it 
with unusually long cords, 87% 
of which had loops about the 
neck. In one case it occurred eight 
times. The measurements cited 
are certainly not the extremes. In 
the section on twin placentation 
we have referred to the reports 
of "achordia" , cases where the 
umbilical region seems to issue 

Fig. 49. Excessively short umbilical cord near t erm. As in most 
cases, this was associated with a !arge omphalocele and even· 
tration of abdominal viscera . Portion of the abdominal wall is 

covered by amnion. 

from the surface of the placenta. These rare instances have been considered by 
JAVERT & BARTON; GRUENWALD & MAYBERGER and also POTTER. As in the case 
shown in Figure 49, such extremely short cords are often associated with a defective 
abdominalwalland eventration of viscera (see also TowELL). On the other end 
of the scale, cords measuring up to 300 cm have been reported as curiosities. 
EASTMAN & HELLMAN report cords measuring to 198 cm in length and find that 
the minimal normallength should be 35 cm for an uncomplicated delivery. Since 
Iooping around the baby is frequently encountered, they consider the terms 
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"absolute" and "relative" shortness as the more meaningful with respect to 
obstetric complications (see also Sz:Ecsi). In our opinion, excessive length is not 
only deleterious because of the greater frequency of Iooping but also because we 
have seen several instances of fetal death associated with, perhaps due to, partial 
or complete vascular occlusion by thrombi in long cords. Figures 50 & 51 show 
such an instance. Furthermore, true knots occur definitely more often in long 
cords and these may be fatal to the infant (Fig. 52). EARN found true knots in 
three instances of 5,676 deliveries, each in cords over 100 cm and once causing 
fetal death. BROWNE, in a classic paper, finds true knots in 0.4-0.5% of deliveries 
and conducts a series of beautiful experiments which should be extended by 
modern techniques of manometry and perfusion. When the pressurewas measured 
which is needed to perfuse the umbilical vein, BROWNE found that lO mm Hg 
sufficed in the normal condition, while one slack knot required 20 mm Hg, two 
knots 60 mm and if a 100 gm weight was employed to tighten one knot, a pressure 
of 100-llO mm was needed to perfuse the vein. He also records the occurrence 
of two knots in one exceptional cord measuring only 40 cm. (See also DIPPEL, 

1964: two lmots, 95 cm cord, stillbirth.) In his cord experiments, BROWNE 

describes the effect on the cord substance by a knot (flattening, dissipation of 
jelly) and mentions later that Iooping is only rarely a cause of antenatal death, 
mostly during the descent of the fetus during Iabor. KAN & EASTMAN also find 
Iooping extremely commonly (25%) but they arenot impressed with its hazard 

Fig. 50. Term placenta with long cord (105 cm) and occlusive thrombus in vein at arrow ;marked venous congestion; 
stlllborn; extensive clrcummargination of membranes. 

since they had no fatality in 1,000 consecutive deliveries due to this cause. DIPPEL 

(1964) also studied 1,000 deliveries, finds similar frequencies and comes to similar 
conclusions. Finally, it seems likely that excessively long cords are more prone 
to prolapse during delivery and thus constitute a hazard by becoming compressed 
mechanically (see DIPPEL) . The effect upon fetal circulation of partial or complete 
cord compression has been studied experimentally at Cesarean section recently 
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and the authors discuss pertinent Iiterature (LEE & HoN). A similar clinical 
study comes from BARDEN & STANDER. For the pathologist, it is always a difficult 
problern to ascertain the cause of death with certainty in such instances. While 
little doubt exists that the knot caused fetal death in Figure 52, it is not always 

Fig. 51. Nearly occlusive thrombus in umbilical vein, lang cord, fetal death. (H & E x 40). 

Fig. 52. Macerated stillborn fetus; fetal death due to occlusive knot in umbilical cord, lOcm from abdominal surface. 
Note marked venous congestion distal to knot. Total cord length 65 cm. 

possible to demonstrate as pronounced a venous stasis distal to the knot, nor 
occlusive thrombi, although they should be looked for even when a simple pro
lapse of the cord was held responsible for fetal death. In many photographs, 

Handbuch der pathologischen Anatomie VIT/5 11 
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JAVERT & BARTON demonstrate what they consider causes of abortion and fetal 
death, namely excessive spiraling, tight looping, excessive length of cord with 
focal twisting etc. Wehave previously cautioned (BENIRSCHKE, 1962) that some 
of these events may occur after fetal death has already occurred for other reasons. 
This must be borne in mind lest cord complications are adjudged of excessive 
importance. We regard as minimal criteria the demonstration of either occlusive 
thrombi or secondary congestion and compression such as shown in Figure 53-55 
(see also SEITZ). In some other cases these conditions have been fulfilled with 
exemplary photographic evidence. Thus, WEBER presents five cases of fetal 
death due to excessive torsion, once with cord disruption. There was longstanding 
thrombosis in the fetal vessels and most of the previous literature is discussed 
in detail. He presents one case, and finds only one other, in which the fatal torsion 
occurred near the placenta. The condition has never been reported to recur in 
subsequent pregnancies. Other cases have been reported by KING and by WAHL. 
Unfortunately, the pathologist is often confronted with a problern as shown in 
Figure 56. This was a term pregnancy which resulted in a stillborn infant. No 
causes for the recent fetal death could be identified and, perhaps rather too 
readily, the marked spiraling or twisting of the umbilical cord is held responsible 

Fig. 53. Fetal death at 20 weeks due to obstruction of blood flow from Iooping (3 x) of cord about neck. Note 
congestion of head. 

for cessation of fetal circulation. Despite numerous sections, we could not find 
convincing thrombi. One might assume that the descensus of the baby during 
delivery stretched this twisted cord, causing the blood fiow to be interrupted, 
but the proof for this assumption is usually difficult to obtain. WERTHEMANN 
includes Strangulation from cord encirclement in his review and demonstrates 
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said grooves in several of his photographs. ÜRAWFORD undertakes a statistical 
analysis of cord around the neck and hints at biochemical changes in the newborns 
of such complicat.ion. In primigravidae this author finds a marked increase to 
occur after 38 weeks of gestation. 

Excessively short cords, while compatible with survival (BROWNE) may lead 
to abruptio placentae, inversion of the uterus or intrafunicular hemorrhage 
which may cause death by exsanguination of the fetus. The latter complication 
in particular has been reported on numerous occasions. Sz:Ecsr describes two 
severe (one fatal) hemorrhages from ruptured cords and two other significant 
complications of short cords among 6,000 deliveries and gives a valuable summary 
of pertinent literature. He discusses the "absolute and relative cord length", 

Fig. 54. Umbilical cord (right) and left arm of stillborn fetus. 
Marked constriction of cord wh ere it was wound tightly around 
arm (indentation and congestion). Amnionic cavity was unrup. 
tured and, when opened in the laboratory, the tight loop was 

observed. 

Fig. 55. Macerated abortus (12 weeks) with thin cord tightly wrap· 
ped about right knee causing visible indentation. 

the Stretchability and resistence to tears and summarizes the various complica
tions that may ensue. As appears to be most common, his complications arose 
during the second stage of delivery, and were located on the fetal side. In the 
patient reported by FoLDES, the cord ruptured 4 cm from the fetus and was only 
relatively foreshortened because of tight Iooping about the head. There was 
inßammation (more friable !) and rupture occurred presumably during the fetal 

u• 
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descent early in Iabor. BLANC & ALLAN quoted other cases from the literature 
and mention that intrafunicular hemorrhage may also lead to compression of the 
other vessels with cessation of placental circulation (Fig. 57). ScHREIER & BROWN 

find 36 cases of hematoma in the Iiterature with a 47% fetal mortality and add 
another case. In this baby, who survived, a large fusiform hematoma (6 cm) was 
present in an otherwise normal cord. Histologically, the authors believe to have 

Fig. 56. Term placenta of stillborn. No causc of fetal death could be identified other than possibly the marked 
twlsting of the umbilical cord. Small white fleck at top is yolk sac. 

demonstrated a deficiency of elastic and muscular tissue of the vein which they 
hold responsible for this hemorrhage and that of two other cases they add. 
BROWNE had already pointed out that hemorrhage, perhaps from trauma, is 
most likely to occur from a varicosity and KESSLER, who presents a severe 
hemorrhage from an abnormally inserted cord ( v. i.) also considers structural 
anomalies of the vein wall in his complete review of umbilical cord hemorrhage 
and tears. KESSLER finds 13 instances reported in which prenatal death occurred 
prior to Iabor. In nine of these cases, it was due to hemorrhage from velamentous 
vessels. The reason for such hemorrhage is difficult to ascertain unless there is 
evident trauma and this has been discussed fully by KESSLER. In a recent case 
(RHEN & KINNUNEN}, exsanguination occurred through a ruptured vein in an 
otherwise normal cord and no structural anomalies or other causative factors 
could be demonstrated. BROWNE mentions a case described by Jenkins where 
hemorrhage occurred due to "fatty degeneration" of the vein. A rare cause of 
hemorrhage has been described by RusT. In a premature infant who survived, 
a diffuse cord hemorrhage was found, apparently secondary to diffuse calcification 
of the vascular adventitia. The vessels had mild intimal proliferation, the cord 
was 3-4 cm thick and, in places, the vascular Iumina were as narrow as pins. 
Each vessel had to be tied separately because of their stiffness; the arteries were 
most severely involved and had broad necrotic zones with calcified lamellae. 
There were neither inflammation nor evidence of syphilis and the cause of this 
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pathologic change remained undetermined. A similar experience is that of WALZ. 
In his case, the child lived, there was infl.ammation and the cord was extremely 
edematous. It is of interest that no vascular changes were observed in cord and 
placenta in two cases of generalized arterial calcification of the newborn described 
by IvEMARK, LAGERGREN & LJUNGQVIST. The reason for the calcified arteries 
in their cases is also unknown but may be related to abnormal metabolic events 

Fig. 57. Massive intrafunicular hemorrhage, presumably due to stretching of relatively short cord (42 cm). 
Stillborn term fetus. 

because of the repetitive occurrence of hydramnios and stillbirth in at least one 
of their cases. Probably the most complete consideration of hematomas of the 
umbilical cord is given by DIPPEL (1940) who reviews all 36 cases published until 
1940. He considers this a rare complication of pregnancy (1 :5,505 deliveries), 
finds an average cord length of over 60 cm and only one case with a truly short 
cord (30 cm). The hematoma issues usually from the vein and is most common 
near the fetal end of the eord. It may measure up to 42 cm in length and he 
considers it also possible that its presence may obstruct blood fl.ow in the other 
vessels. Of the possible causes for the hemorrhage he entertains congenital thin
ning, degenerative (mucoid, fatty) changes of vascular wall, varix with thrombus, 
trauma and local obstruction from Iooping. Foremost of these possibilities he 
considers mechanical darnage from traction on a relatively short cord. Syphilis, 
he finds, cannot be implicated often. While at one time many abnormal conditions 
of the cord were related to syphilis, probably because of the overrated association 
of syphilis with cord infiammation, in the cases of DIPPEL and others, syphilis 
and infiammation were ruled out specifically. It is true that infiammatory pro
cesses of the umbilical vessels cause the cord to be more friable but no increased 
frequency of hemorrhage was observed in our material of infl.amed placentas. 
The infl.ammatory processes are dealt with in a separate chapter. An aneurysm 
of the one umbilical artery with thrombi and a calcified wall, containing also 
areas of mucoid degeneration has been described by FISCHER. This author also 
refers to a report of arterial aneurysm of the cord by RISSMANN. IRANI has recently 
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presented three additional cases of hematoma of the umbilical cord which originat
ed from the umbilical vein and was associated with fetal death in two instances. 
The etiology was not apparent from his pathologic studies. GARDNER and TRusSELL 

review the pertinent Iiterature and report two unusual cases. In one, the hema
toma developed during delivery from the prolapsed cord and it issued from artery 
rather than, as is usual, from the umbilical vein. In their other case two hematomas 
were present proximal to a true knot of the cord and the vein was partially 
occluded by thrombus. 

Through the courtesy of Dr. E. V. Perrin (Cincinnati, Ohio) we have been able 
to examine the following two pertinent and unusual cases: 

1. 1,600 g macerated stillborn, 29 cm CR. Primigravid mother, 10 year sterility 
problern; negative tests for syphilis; vaginal bleeding in first trimester; exposure to 
rubella in eleventh week. Spontaneaus cessation of fetal movements in 31st week, 
delivery 2 weeks later. Figure 58 shows the acute narrowing ofthe cord, characteristic
ally it is near the fetal end of the cord. The placenta weighed 545 g and the cord had a 
marginal insertion; it was 33 cm long. Broad lamellar calcifications extend in the walls 
of the umbilical vessels from the point of torsion to the placental surface (Fig. 59). 

Fig. 58. Umbilicus ofmacerated stillborn.Acute torsion of cord near abdominal wall with distal dila.tation of vessels 

On histologic study, many areas of perivascular exudate were found in the cord and 
because of the extensive necrosis of some of this exudate, the distribution of the 
calcific lamellae (toward the surface of the cord) and their adventitial location in the 
vessel walls (Fig. 60), we consider the calcification secondary to necrosis of inflamma
tory exudate. We have no knowledge of the agent inciting the inflammatory process 
in this case. Of course, there were also many mural thrombi. 

2. 1,420 g macerated stillborn fetus of completely uncomplicated pregnancy. 
Meconium-stained amnionic fluid. The placenta weighed 230 g, had a centrally placed 
16 cm cord and was extensively infarcted. This case is remarkably similar to the two 
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cases described and beautifully illustrated by I VEMARK et al. except that all three 
umbilical vessels had extensive calcification and were difficult to section at birth 
(Figs. 61, 62). The kidneys showed nephrocalcinosis. The etiology of this (? metabolic) 
disease is unknown. There was no known hydramnios. 

Fig. 59. Cross sections of cord of case in Figure 59 at various Ievels. The whlte lamellae around vessels are calcitled 
debris. Note their orientation toward the surface of the cord, particularly in the left section. 

Fig. 60. Microscopic appearance of umbilical veln of Figure 59. At top left ls surface of cord, bottom rlght the 
vascular media. Dark exudate beneath surface, then dark calclfled ring, beneath which is amorphous necrotic 

debris (H & E x 40). 

The spiraling of the umbilical cord which is seen already in very early speci
mens (CuLLEN) and which, in 80% of cases takes a left spiral as seen from the 
child, has been attributed to an unequal growth of the umbilical arteries occurring 
in early embryonie development (GROSSER) . It must be pointed out, however, 
that spiraling is present also in many cords that possess only one artery and that 
it may be absent in others possessing normal vascular structures. GROSSER com-
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piles the older Iiterature concerning the number of turns (0-40; up to 380 !) and 
he reviews the thoughts concerning the etiology. In recent years, few investigators 
have paid much attention to this phenomenon; only JAVERT refers to excessive 
spiraling as leading occasionally to obstructive torsion in his abortion material. 

Fig. 61. Lamellar calcifications of subintimal area and media of umbilical arteries in stillborn (H & E x 40). 

Fig. 62. lntlmal c alcification in umbilical veln of case in Flgure 61 (H & E x 40). 

It is pertinent also to draw attention to the fact that in most domestic animals 
with their extended fetuses in elongated uteri spiraling of the cord is not seen 
nor are the varicosities of the umbilical vein present. Aside from spiraling of the 
cord proper, the umbilical vessels themselves frequently pursue a spiral arrange
ment. Neither SMART (arteries spiral around veins) nor PoTTER (vein around 
arteries) is completely correct, as both attitudes are observed, occasionally in the 
same cord (Fig. 63). Presumably, different growth rates of vessels account for the 
presence of varicosities (loops of vein PoTTER ; arteries, H YRTL; Fig. 63) the so
called false knots. GROSSER cites other, less plausible explanations (see also 
HARTMANN}. 
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A rare cause of fetal death is the obstruction of umbilical blood fiow through 
amnionic bands (chapter III). KoTz and VIDONE, HONG and SIMON review the world 
Iiterature and find a total of 13 acceptable cases. The latter authors present photo
graphs and a microscopic description which leave little doubt that the bands represent 
the cause of fetal death. In 10 of 12 weil studied cases, the amnionic surface of the 

Fig. 63. Umbilical cord with "true" and "false" knots, live infant. At Jeft arrow, arteries wind about vein; at 
knotted area, the vein spirals about arteries. Arrow at top points to a "false" knot, a v aricosity of the umbilical 
vein or nodus spurius vasculosus; arrow in center below knot points at local pale accumulation of Wharton's jelly, 

a nodus epurius uelatinostu~ . 

placenta was apparently disrupted before birth and its shreds formed the bands. The 
reason for this premature amnionic rupture is unknown. BROWNE reports that in the 
face of vascular anomalies or obstruction and infiammation, the cord substance may 
show marked "fibrosis" (see ZIMMERMANN). 

Absence of One Umbilical Artery. 

The normal umbilical cord of man possesses two umbilical arteries of allantoic 
origin, the omphalomesenteric arteries and veins having disappeared early, and 
one vein, the shorter right umbilical vein said to have disappeared in very early 
development (CuLLEN). In ruminants, two allantoic arteries and veins each are 
found, while the mouse has a pair each of allantoic and vitelline origin and the 
structure is even more complex in other species (SCHULTZE; BENIRSCHKE, SULLI
VAN & MARIN-PADILLA). Sporadically, reports dealing with placental structure 
and function have mentioned the rare absence of one umbilical artery in man 
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(Fig. 64), Thus, in HYRTL's classic atlas, twelve cases are presented and already 
58 other reported instances are referred to. The subject has been treated as an 
anatomic curiosity until it became evident recently that this anomaly is much 
more prevalent. Perhaps it is the commonest congenital anomaly in newborns. 
In the references contained within the following table many of the reported single 
cases and larger series collecting these anomalies are cited. These will not be 
individuallyreferred tounless some specific interest relates to one reportor another. 
In most of these papers, the Iiterature is reviewed and the primary interest has 
focused on the incidence of the anomaly and the prognostic implication of such a 
finding. There is little doubt that babies born with only one artery have a higher 
malformation rate. The type of malformation is not specific and ranges widely. 
The principle question at this time remains, is the umbilical vascular anomaly 
the cause of other fetal anomalies or are both incidental to a common embryologic 
disturbance? 

Fig. 64. Cross section of um
bilical cord with only one um
bilical artery (right). Stillborn 

fetus with syndactyly. 

From these recent data it is apparent that absence 
of one umbilical artery occurs frequently, perhaps as 
often as once in 100 deliveries. In abortions it occurs 
in 2.4-2.7% (JAVERT; THOMAS, 1962). lt is more fre
quent still in twins and it may occur in one of mono
zygous twins, as is most commonly the case in acardiacs, 
or in both. It may also be present in both of dizygous 
twins. The recurrence of this anomaly in successive de
liveries has recently been described by ADLER et al. 
and the frequency with which it is associated with 
chromosomal an omalies is of future interest. Because of the 
apparent association with congenital anomalies and un
explained perinatal deaths, we have recommended that 
the observation ofthe number ofumbilical vessels should 
become a permanent part of every birth record (see also 
GöMÖRI & KoLLER: 1,000 placentas, 8 cases). In this 

connection, it is of interest to learn that such gross observation at the delivery 
may underestimate the frequency when it is later checked microscopically, an 
observer error which need not take place when care is exercised (BLANC; FuJI
KURA). Of future concern will also be the correlation of this anomaly with the 
development of those infants who have survived the perinatal period. This is at 
present an unresolved problem. We have had occasion to observe instances of 
retarded or abnormal child development when all seemed weil in the perinatal 
period. FEINGOLD et al. who find the absence in 0.5% of 6,080 consecutive births, 
performed intravenous pyelography in 23 of their 32 cases and discover 6 of 8 cases 
of renal malformations, otherwise unsuspected. Different results were obtained 
by ScHROYER. This author found an 0.89% incidence of absent artery in 4,831 
cords (8.6% in twin births, 5.5% in stillbirths) and of 26 studied by pyelography, 
only three showed minor urinary system anomalies. 

Several additional studies have been published since this chapter was written 
which warraut brief comment. CAIRNS & McKEE found 20 cases of absent artery 
in 2,000 deliveries in a prospective study but this knowledge was not helpful in 
the care of the newborn. Two infants were malformed. PAPADATOS & PASCHOS 
studied 7,886 consecutive deliveries in Greece with an incidence of absence of 
one artery of 0.4% and infant loss of 21.9%. Major anomalies were present in 
31.2% but no cord anomalies were found in 108 twin and I triplet pregnancies. 
PECKHAM & YERUSHALMY studied 5,848 deliveries with 51 instances of this 
anomaly. Negro patients were much less frequently affected (0.43%) than white 
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patients (1.11 %) and low birth weight was a prominent feature. 66 twins were 
normal. The racidal difference in incidence of this anomaly will have to be borne 
in mind in future studies. MoLz studied the associated anomalies in 293 autopsied 
fetuses and newborns. In 33 instances one artery was lacking and this was associa
ted withother anomalies in 90.7%. In 260 autopsies with normal umbilical vessels 
associated anomalies were found in 61.5% and these were much less frequently 
of a multiple nature. 

The term aplasia as used by LITTLE and by BLANC does not always seem to 
be appropriate, although we recognize that failure of an artery to form may be 
one mode ofthisabnormal development. In several autopsies, we have seen severe 
hypoplasia (? or atrophy) of one intra-abdominal umbilical artery (Figs. 65, 66) 
or we found only a thin fibrous strand remaining of a former vessel. Moreover, in 
sections of other cords, we have seen very small remnants of a vessel (4 of 113, 
BouRNE & BENIRSCHKE). At times, these are composed merely of a group of 
smooth muscle fibers which we believe are correctly interpreted as the remains 
of an atrophied former artery (Fig. 67). Sometimes, the presence of elastic tissue 
confirms this interpretation (Figs. 68, 69). H YRTL remarked (p. 34) that an unequal 
size of the arteries was frequent in his collection of placentas and there seems to 
be no reason why such vessels should not disappear completely if arterial occlusion 
occurred for one reason or another early in embryonie life. Occlusion and atrophy 
of vessels may occur also at later gestational age, for instance in cases of cord 

Fig. 65. Anterior abdominal wall of 38 day old infant with multiple anomalies. Globular mass is bladder, central 
cord is nrachus, above which is the left umbilical artery. Right artery is extremely hypoplastic (arrows). 

entanglement. Atrophy would also be the most logical explanation for the frequent 
absence of one artery found in acardiac twins. F AIERMAN reviews Schatz' ex
perience with acardiacs lacking one artery. He "found 11 cases among 46 acardiac 
monovular twins and three acardiac monovular triplets". In our more limited 
experience with acardiacs, the absence of one artery is the rule. In acardiac 
monsters it could be held that the vitelline vessels were the ones to persist, as has 
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been claimed to be the case of sympodia (R. MEYER). These vitelline vessels then 
might anastomose to the allantoic vessels ofthe other twin and cause an imbalance 

Fig. 66. Viscera of a stillborn infant from posterior. Right iliac artery is severely hypoplastic and the right umbilical 
artery is represented by ftbrous strand without Iumen. Left arteries are normal. (BOURNE & BENIRSCHKE, with 

permission of pnblishers.) 

Fig. 67. Bundle ofsmooth mnscle ftbers in umbilical cord which Iacks one artery (monochoria l twin). Presumably, 
this mass of ftbers was once an artery with a Iumen (H & E, x 160). 

of circulation. In most reported acardiacs, unfortunately, this has not been studied 
or it cannot be decided because of the degree of fetal malformation, as seen in the 
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holoacardius amorphus. However, the careful dissections of well formed acardiacs 
reported by SCHATZ rule against this possibility in at least most of his cases. 
Moreover, in most acardiacs, unlike the sireniform fetus, the lower portion of the 
body ( 1 and hence the allantois) is well developed and thus there is no reason 
why the umbilical ("allantoic") vessels should not have formed originally if our 
concept of the genesis of this vascular anomaly is correct (see twin chapter). 
As to the sireniform fetuses, F AIERMAN finds that in the 95 well described cases 
of 182 sympodia, only one artery is found in the umbilical cord. Sporadic cases 
contained within the reports that are quoted in the foregoing table reaffirm this 
association. The vascular supply of the sireniform fetus presents a peculiar pro-

Fig. 6~. Umbilical cord from placenta with marginal Insertion of cord. One artery (center, bottom) is very much 
atrophied. No anastomosis was found in the cord (H & Ex 10). 

Fig. 69. Same as Figure 68. Atrophie artery Iacks a Iumen but some elastic membrane remains in the center 
(Verhoeff-v. Gieson, x 160). 

blem which has been discussed at length by KAMPMEIER. It is agreed that usually 
only one artery is found. In many cases, as that of KAMPMEIER, the single artery 
arises high from the aorta, proximal to the bifurcation of the aorta. That this 
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single artery represents a vitelline vessel, bad originally been postulated by 
BALLANTYNE wbo described a sympus in detail and culled llO cases from tbe 
literature. In bis detailed description, tbis autbor furnisbes no proof oftbis conten
tion wbicb appears to bave been taken over in tbe Iiterature witbout too mucb 
further questioning. KAMPMEIER, however, indicates some personal doubt, men
tions the occasional presence of a vestige of additional vessels and it is of con
siderable interest that BALLANTYNE refers to a sireniform case reported by MAJER 

in which the cord contained one artery and vein and in which, upon dissection of 
the fetus , an additional omphalomesenteric artery and vein were found. 

The point is of conside,rable theoretic importance. If such vitelline vascularization 
of the placenta occurred, it would confirm the finding of extensive connections between 
the allantoic and vitelline vessels of early embryos (ETERNOD, see also GrsEL) and 
support the concept that the development of a muscular wall in human vitelline vessels 
is perhaps governed by the gradually rising fetal blood pressure, usually lacking in this 
atrophying vascular bed. One of our colleagues, Dr. M. Marin-Padilla was able to 
dissect a pertinent case, however, which sheds doubt on BALLANTYNE's contention. 
This sympus (Figs. 70, 71) had one artery only which was continuous with the distal 

Fig. 70. Sircniform fetus with exencephaly and single umbilical artery. 

aorta and coursed over the pelvic-abdominal wall, as would be expected of an allantoic 
vessel. Moreover, upon meticulous dissection, a minute omphalomesenteric arterial 
remnant could be traced to the mesenteric vessels. Future detailed studies are needed 
to unravel the inconsistencies. At the moment, the best study proving the occasional 
development of a vitelline artery to perform the sole placental arterial function is that 
by GrSEL. A normal newbom had only one artery which spiraled around the vein. The 
baby died from a tentorial tear and had perfect development except for the complete 
Iack of allantoic arteries. The omphalomesenteric artery was !arger than the abdominal 
aorta. GrsEL considers it possible that the allantois was too small originally or, that 
the yolk sac developed in a closer proximity to the chorion than is normal. RoBERGE 
has recently described monozygous sireniform twins with single arteries. Unfortunately, 
the paper gives no details of the laterality of these vessels as there may have been 
mirroring which might also disclose the nature of the single artery. The complex 
normal development of the umbilical arteries has been traced in detail by BROMAN 
and an upset at any stage du ring this process can easily be envisioned to give rise to the 
reported variations. 
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It is interesting to speculate about the reason for the apparent higher frequency 
of the absence of one umbilical artery in both types of twins (see twin chapter). 
Too little is known at present of the normal vascular development of the major 
placental vessels to find the answer to the question whether fetal blood pressure 
or placental nutritive factors are ofimportance in the development ofthis anomaly. 

Fig. 71 . Insertion of cord of Figure 70 dissected. Single umbilical artery above pin has a normal distrlbution over 
the veins in the chorion. The vessel was clearly "allantolc" upon dissectlon ofthe fetus. Addltonal minnte ompha· 

lomesenterlc vessels were also present (Courtesy Dr. M. Marin Padilla). 

It is of interest to note that, often, the twin lacking one artery is the smaller twin 
(THOMAS 1961; FISCHER). This is not always the case, however, (Fig. 122) and 
more data will have to be accumulated on this point. In several recent studies 
we have used this difference of incidence between single and multiple births to 
support our view that the absence of one artery is the result of atrophy during 
the development and expansion of the placenta {BENIRSOHKE, 1965; BENIRSOHKE, 
SuLLivAN & MARIN-PADILLA). Because of the positive correlation with velamen
tous insertion of the cord of both conditions, the twinning {BENIRSOHKE, 1965) 
and the absent artery {LITTLE, 1958), it is envisaged that areas of placenta 
atrophy in a process known as " trophotropism". This mechanism has recently 
been considered of significance in a variety of developmental anomalies of the 
fetus (KRONE), a concept which we support. If the area which is doomed to 
atrophy because of the "wandering" of the placenta is supplied largely by the 
ramifications of one artery, then the later atrophy of this vessel can readily be 
envisaged, particularly if the lack of an anastomosis between the two arteries 
falls to assure equal pressures in the two vessels. Indeed, cases in which such 
anastomoses were lacking have been demonstrated with an atrophic artery by 
THOMAS (1959) with contrast-medium-radiography andin our studies by dissection 
(BENIRSOHKE, SuLLivAN & MARIN-PADILLA). It may be that the existence or 
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absence of these anastomoses has a profound inßuence on the development of 
umbilical vessels, an interpretation which could be supported by the studies in 
the armadillo. In this species, such communications are usually absent while in 
man, they are almost the rule (SCHULTZE; H YRTL, others). Here, the two umbilical 
arteries anastomose or, more rarely, they fuse near the surface of the placenta 
and from that point, end-arteries supply the cotyledonary system. Indeed, 
BACSICH & SMOUT feel that this pattern of vascular distribution is the explanation 
for white infarcts of the placenta, a notion which we cannot share since the inte
grity of the villous system depends primarily on the maternal circulation. In any 
event, one may inject all or almost all of the arterial circulation through one 
umbilical artery because of these anastomoses whose functional significance have 
been likened to the arrangement of the circle of Willis (BACSICH & SMOUT). In a 
paper concerned only with these anastomoses, PRIMAN reviews the literature and 
finds that these channels are found in 90% of normal placentas within 1.5 cm 
from the placental surface. Once, in his series, a double anastomosis was present 
andin two of 70 specimens, no shunt was demonstrable. These authors and SMART 
depict the various arrangements the anastomoses may take and LITTLE (1958) 
draws attention to the fact that, for obvious reasons, examination for the absence 
of one umbilical artery must be madeproximal to the occurrence of these com
municating channels. Wehave never found anastomoses or branching ofumbilical 
arteries in other portions of the cord but the latter finding is referred to by 
HYRTL as having been described by ScANZONI. In all of ARTS' 65 specimens there 
was an anastomosis, except the one specimen possessing only 1 artery. FiscHER 
refers to HALBAN-SEITZ as having reported a specimen of umbilical cord with six 
umbilical arteries. BROWNE describes a case with single umbilical artery in which 
the vein was replaced by a capillary network. 

Several other isolated observations may here be recorded which have relevance 
to the absence of one umbilical artery. ADLER et al. describe the first case in which the 
anomaly recurred in two successive pregnancies. Contrary to HYRTL's original sug
gestion and reaffirmed by KAMPMEIER for sympodia, most recent collections find no 
male sex preponderance and, when autopsies are performed, the right side is involved 
as often as the left. This abnormality has recently been described with a variety of 
chromosomal abnormalities of the fetus. Thus, a case with Turner's syndrome was 
found by RICHART & BENIRSCHKE. In some, but not all cases of trisomy D & E, this 
anomaly was noted by LEWIS; GERMAN et al., UCHIDA et al., MILLER et al., FEINGOLD 
et al.; we have seen one case of confirmed trisomy D with this association, while in two 
others there were 2 arteries. HECHT finds normal cords but small placentas in two 
cases of trisomy E. FINLEY et al. describe the absence of one artery in a group 4-5 
chromosome anomaly (see also GuSTAVSON et al.). Wehaveseen it in mongolism and 
this was also observed in GusTAVSON's cases of Down's syndrome. This indiscriminate 
association of the absence of one umbilical artery with various and quite diverse 
chromosomal disorders indicates how limited the placenta is in expressing a variety 
of constitutional defects. 

Against the notion that primary anomalaus gruwth accounts for the eventual 
deficiency of an umbilical artery, we cite the recent experience with the teratogenic 
agent thalidmnide. It is impossible, however, to rule out that the cases to be 
described are fortuitous associations. RussELL & MaKICHAN reported one case in 
which this drug was incriminated to have caused the absent artery as well as a 
variety of other anomalies. THOMAS (1962) has a similar case in which, inter
estingly, a velamentous cord insertion was found. This paper also describes the 
atrophy of arteries, their dissolution into capillary networks and duplicated veins. 
DuNN, FisHER & KaHLER describe the absence of an artery in thalidomide darnage 
of a binovular twin pregnancy and KAJII et al. present data to show that in only 
one of four thalidomide embryopathies they studied, the umbilical vessels (and 
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their origin) were normal. In two cases one artery was absent (one right, one left) 
and in another the right vessel was severely hypoplastic. It is regrettable that 
this phenomenon was not studied more extensively in the epidemic of this embryo
pathy and it can only be hoped that this lead will be taken up experimentally in a 
species susceptible to the drug and possessing 2 arteries (i.e. not the mouse, see 
KALTER & W ARKANY who find anomalaus vessels after vitamin A treatment in the 
mouse). 

Several authors have suggested that the absence of one umbilical artery has a 
direct ,effect on fetal development. GöMÖRI & KoLLER summarize these possible 
patho_rlhysiologic sequelae thus: 

a) Chronic hypoxia because of insufficient blood flow through the placenta. 
b) In6feased cardiac load because of the increased resistance of a single artery, 

leading perhaps to the cardiac anomalies. Proof for these contentions must come from 
future studies. These questions have also been discussed in the various contributions 
by THOMAS and in his original description of a case of twins (THOMAS & SCHWEIGERT). 
It is of parenthetic interest that the placenta of the affected twin of this report shows 
large marginal areas of a filling defect upon injection with radioopaque substances. 
Moreover, these authors review the question of "omphaloid" placentation in the 
sireniform fetuses and cite several reports which contradict this view. 

Tumors of the Umbilical Cord. 

True tumors of the umbilical cord are very uncommon. BROWNE accepts eight 
cases, telangiectatic myxosarcoma, teratoma and dermoids in anencephalics but 
he is dubious of the nature of the dermoids. KREYBERG reports a teratoma-like 
swelling in the midportion of the cord and refers to a few similar cases in the 
literature. He is not certain of the nature of his tumor and favors the inter
pretation of this being an acardiac twin, and such may also have been the case of 
at least two other reports cited from the literature. The older literature of the 
subject has been summarized by ScHMIDT. Aside from the angioma-like dispersion 
of vessels referred to previously (BROWNE, THOMAS), true hemangiomata have 
been reported. SIDDALL reviews the literature and BARRY, McCoY & CALLAHAN 
describe a large angioma (10 x 12 X 8 cm) five centimeters from the placental 
insertion of the cord which had an 8 cm long pedicle and which was lobulated. 
They exclude the possibility of the tumor deriving from a succenturiate lobe and 
find no trophoblastic elements, thus ruling out a chorangioma. Otherwise it be
haved like a chorangioma in that it was associated with 4,000 cc of hydramnios. 
CoRHILL describes obstruction of umbilical blood flow from a chorangioma near 
the insertion of the cord and considers other accidents to the umbilical cordsuch 
as torsion. PoTTER (Fig. 47) depicts a "chorioangiomyxoma" involving both the 
cord and placenta. Wehave not seen a case ofumbilical cord tumor in our material 
and, to our knowledge, these lesions have always pursued a benign course. 

Amnion Nodosum; Squamous Metaplasia; Necrosis; Color; 

Inßammation of the Cord. 

When renal agenesis, ureteral obstruction or other rare events cause the amnionic 
fluid to be deficient or absent, one finds the surface of the amnionic sac studded with 
small grey-yellow nodules, the amnion nodosum. This results from the deposition of 
debris on focal defects in the amnion and is presumably caused by the close contact of 
the fetus to the placental surface. Usually, the umbilical cord is free from these lesions 
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but on rare occasions amnion nodosum has been observed to extend onto the cord 
(BOURNE). This degenerative event must be differentiated from squamous metaplasia 
which is almost regulary found near the insertion of the umbilical cord on the placenta. 
In this condition, the normal surface epithelium of the amnion becomes hyperplastic 
and forms small circular or elliptical heaps of keratin from the metaplastic epithelium. 
This event takes place only toward the end of pregnancy, is often found for some 
distance on the surface of the cord and is not known to be associated with abnormal 
conditions of pregnancy. In ruminants it is most pronounced and renders the cord a 
sandpaper-like quality. 

N ecrosis of the surface layers of the cord is occasionally seen, particularly associated 
with long-standing meconium exposure or even more often, with infections such as 
candidiasis. In these circumstances, the cord is also often discolored, a yellow brown, 
and it becomes considerably friable. Further aspects of inflammation are discussed 
separately (Chapter IX). 

Lesions ofthe Major Chorionic Vessels. 

A peculiar feature of the structure of the placenta is the consistent finding 
that the larger arteries always cross over the veins, an arrangement for which 
we lack an embryologic explanation. Knowledge of this distribution of vessels is 
helpful, particularly in the study of anastomoses of twin placentas and because 
the histologic differentiation of veins from arteries is often very difficult in sections 
of the placenta. Reference is made to B0E, and HöRMANN who have recently 
discussed in greater detail the development of the placental vascular bed. HöR
MANN describes in detail his views of the various abnormalities occurring during 
the process of placental vascularization. BECKER draws attention to the fact that 
larger fetal villous vessels often possess normally a thick covering of fibrous tissue 
which must not be mistaken for "periarteritis fibrosa". HYRTL's atlasstandsout 
as the most comprehensive treatise, considering the course of the major fetal 
vessels. He finds rare exceptions only to the dieturn that arteries cross over veins. 
This has also been reported by ARTS. Wehave never seensuch a condition (see 
also SMART). Two major patterns of vascular ramification have been discussed by 
SHORDANIA; ScrPIADES & BURG; BACSICH & SMOUT and others. They are the 
magistral and disperse types with occasional intermediate forms. While SHOR
DANIA found better fetal development with the magistral type, other authors 
(SCIPIADES & BURG) find many exceptions to this. Also, in twin placentas one 
may be of the magistral, the other of the disperse type. BAaSICH & ÜRA WFORD 
who find consistently that the vascular pattern remains the same in successive 
pregnancies also state that the type can be recognized by the 12th week of de
velopment and that it influences the cotyledonary shape. Vasa nutrientia of the 
chorion, small superficial chorial vessels have been considered by HYRTL as well. 
They should be differentiated from vitelline vessels (Fig. 46) and usually possess 
a distinct muscular coat. 

Throm botic events take place frequently in some of the major chorionic vessels, 
both arterial and venous although more commonly in the latter. These thrombi 
may be occlusive and due to degenerative events occurring in the membranous 
vessels of placentas with vasa previa (Fig. 11) or they may be only partially 
occlusive mural thrombi. Mural thrombi develop not infrequently toward the 
amnionic surface of the placenta and are readily observed upon inspection because 
of their yellow streak-like appearance. In such cases, portions of the thrombus 
may degenerate, calcify and form a gritty mass upon sectioning (Fig. 72). Despite 
such longstanding mural thrombosis as in this case, we have never seenproper 
organization or recanalization of the thrombus although intimal proliferation is 
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rapid (BECKER). The event is often due to prolonged exposure to damaging me
conium and intense fetal vasculitis as part of the general amnionic sac inflammation 
syndrome. To our knowledge, no embolization has been recognized as the result 
of such thrombi. Complete occlusion Ieads eventually to atrophy of the vessel 
(Fig. 73) and is encountered over old infarcts. We believe that these then are 
secondary to the infarction. THOMSEN & BECKER maintain that infarction may 
result from such occlusion; we believe, atrophy occurs in the corresponding district 
while infarction is the sequal of decidual vascular interruption. HuBER, CARTER & 
VELLIOS find fetal vascular thrombosis in 6 of 100 placentas, some containing 

Flg. 72. Mural thrombosis and partial gritty calcification (top) of major fetal artery in chorlon frondosum of 
placenta with long cord (H & E, x 16). 

viable villi despite thrombosis (however, see discussion by BARTHOLOMEW who 
disagrees with the authors' concept). GRUENWALD depicts similar thrombotic 
lesions, shows the "avascular villi" (viable) ofthe corresponding areas ofplacental 
atrophy and relates the process to intrauterine growth retardation of the fetus. 
No specific cause is usually apparent, however; prolonged pregnancy is specifi
cally ruled out in the cases. BECKER & DoLLING have studied fetal vascular 
occlusion most recently and relate it to fetal death. They find a much higher 
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frequency in the placentas of stillborns and can prove the existence of syphilis 
and toxoplasmosis in some of their cases. In others no etiologic mechanism for 
this "endarteriitis obliterans" was apparent and these authors give a competent 
review of the subject. 

Fig. 73. Occlusion and early atrophy of major fetal chorionic artery over an area of old placental lnfarction. 
Stillborn anencephalic, 80 cm long cord whith recent thrombosis of umbilical vein and marked inflammation 

(H & E, X 100). 

A peculiar variant of these lesions may be what v. FRANQUE (1894) has called 
endovasculitis (Fig. 253) . In this condition, majorfetal vessels are composed of a 
wall within which numerous small vessels are found. One may consider these as 
events of recanalization although intermediary stages are not observed and we 
have seen it in a small abortus with a complex chromosomal anomaly (ÜLENDENIN 
& BENIRSCHKE). MERTTENS has described these lesions in detail as well and dis
cusses the previous Iiterature of vascular occlusions. It is of interest that he finds 
such changes in placentas which were retained long after fetal death. MERTTENS 
believes it likely that the lesions are frequently of postmortem nature or, occurred 
after the event of placental infarction in other cases. In the light of the more 
recent controversy of what constitutes an infarction of placenta and, which of 
the two vascular systems, the fetal or maternal , is to be held responsible for this 
event, MERTTENS' meticulous study is of historic interest. He showed the survival 
of villous tissue long after cessation of the fetal circulation in detaü and discusses 
the nutritive function of the maintained interviilaus blood flow. In his later 
contribution, v. FRANQUE (1897) finds some support for MERTTENS, but he also 
describes "endovasculitis" with live-born infants and congenital syphilis. Throm
bosis has also been described in the very uncommon aneurysms of chorionic arteries 
(FISCHER). SciPIADES & BuRG refer to two previous cases of arterial aneurysm 
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and describe a case of their own. These authors explain the cause of the aneurysm 
as compensatory attempts of a poorly developed placenta. LEFF describes fatal 
hemorrhage before birth from a varicosity of a chorionic vein. The 2 mm lesion 
was located at the periphery of the placenta and had a small hole through which 
blood had escaped and dissected underneath the amnion. The cause of the vari
cosity was again unknown and reference is made to the report of a similar case 
by RAUNENBERG. 
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V. The Placenta of Multiple Pregnancy 

lntroduction 

There is evidence that the much increased perinatal mortality of twins is largely 
the direct result of accidents of placentation. There are many reasons which make us 
believe that at least monozygous twinning should be considered a pathologic event in 
man. Moreover, from the detailed study of twin placentas one may deduce a variety 
of intrauterine circumstances which help to explain morphologic changes in the single
ton placenta. 

1. Types of Twin Placentas. 

Past medical writing has concerned itself more with a comparison of the types of 
placentation and the expected or actual zygosity of the twins than with a systematic 
description of this organ in multiple pregnancy. The reason for this is the obvious 
desire of parent and physician to assess the relationship of twins as soon as possible. 
While this desire can be stilled to an extent, it has also given rise to much misinforma
tion and erroneous diagnosis which still plagues the subject ofmultiple births. In parti
cular, it is still not recognized universally for instance, that two entirely separate 
placentas may be associated with monozygous (single-ovum-derived twins) and it is 
hoped that through the following description further clarification can be achieved. 

The principal distinction in twin placentas should not be directed toward 
ascertaining whether one or two "placental masses" are delivered but rather, 
how many chorionic sacs are present. Of secondary importance then is the as
certainment of the number of amnionic sacs. Twin placentas, and this applies to 
those of triplets and higher numbers, may be dichorionic (dichorial), i.e. have two 
chorionic sacs, or monochorionic (monochorial), in which the fetuses are contained 
within one primary chorionic sac. While monochorial twin placentas always form 
one major "placental mass", that of dichorial relationship may be fused or 
separated. Probably chance alone determines in dichorial twins whether the 
blastocysts will come to lie side by side and thus give rise to a fused twin placenta, 
or at distant sites in the uterus, to give rise to separate masses. 

Given a monochorial relationship, the placenta may possess two amnionic 
cavities, which is the more common variety, or only one. If the latter pertains, 
there may be two separate umbilical cords; they may be fused, forked or, in the 
case of double monsters, only one cord may be found. Presumably, thesedifferent 
types of gross structural differences are the result of divergent early embryonie 
development, arising particularly due to differences in timing of the "twinning 
impetus" although there is no direct proof for this assumption. 

In addition, the study of twin placentas inquires into vascular connections 
between the fetal vascular beds, virtually no work having been done on the 
matemal circulation in twin placentas. An oversimplification would state that 
monochorial twins have a joint vascular bed, a circumstance which has yet tobe 
demonstrated conclusively in the dichorial types. However, certain information 
leads to the rejection of so categorical a statement, considerations which will be 
discussed in the subsequent paragraphs. Diagrammatically then, the following 
types of twin placentas can be distinguished: 

Monochorionic 

// """""" 
Monoamnionic Diamnionic 
(single, forked or 
double cord) 

Dichorionic, 
Diamnionic 

/ "' Fused Separate 
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The anatomic variations bear importantly on perinatal mortality and morbi
dity, they inßuence intertwin fetal development and have postnatal consequences. 
It is important to recognize that the distribution of frequency of these placental 
types differs geographically, presumably due to racial factors and when material 
from abortions and term deliveries is compared. Finally, while many analogies of 
twinning processes can be drawn among various species, the knowledge of the 
placental relationship of twins in one species is not necessarily useful in deductions 
ofthat in another species. Thus, the degree of chorionic and vascular fusion found 
in the dizygous twins of cattle and marmosets cannot be compared to their 
development in deer, sheep or man. 

2. Examination of Placentas of Multiple Pregnancies 

The pathologic study of twin placentas should include all facets discussed in 
the chapter on general placental examination and extend in particular to an 
examination of the "dividing membranes" and the fetal vascular bed. At the 
outset it may be stated that it is desirable that this information become a part of 
the permanent record of all twin pregnancies. 

In examining twin placentas it must be borne in mind that injection studies 
may be necessary. Therefore, the greatest care must be taken not to injure the 
villous tiE"sue, lest leakage occur later during injection. Mter careful inversion of 
the sacs, so that they assume their natural relationship, the membranes are in
spected. If two entirely separate placentas are delivered no further special problems 
exist. In the majority of cases, however, the placenta will be fused and two 
distinct cavities are observed. The portion of approximation (or fusion) of the 
two membranaus sacs is of greatest interest. Inasmuch as this partitioning mem
brane may be composed of l) two amnions only, or 2) two amnions plus two 
chorions, one finds that in the former case, this membrane is translucent, in the 
latter it is generally opaque. Before further dissection, a longitudinal strip is cut 
from these membranes, a roll is prepared and this is sectioned as described pre
viously. The two possible findings are shown in Figures 74 & 75, also in what 
have been referred to as "T-sections." In monochorial twin placentas, only one 
decidual layer surrounds the conceptus. Dichorial placentas, however, should 
possess two such investments. The reason for the frequent absence of decidual 
tissue in the dividing membranes is thought to be pressure atrophy of a poorly 
vascularized tissue (MorusoN). It is equally conceivable, however, that, in some 
instances, the very close proximity of implantation of two blastocysts results in 
primary fusion of chorions without the opportunity for interposition of matemal 
tissue. 

It is thought commonly that the two placental disks of a fused twin placenta 
meet at the point of departure of the "dividing membranes" from the surface of 
the placenta. While this is frequently the case, often the dividing membranes 
bear no relationship to the distribution of the underlying placental tissue. This is 
particularly common in monochorial placentas where the amnions are easily 
movable and can by displacad by mechanical forces, since no vascular or 
other connections anchor this tissue to the underlying chorion. Figure 76 
shows the amnionic dividing membranes of a diamnionic monochorionic 
twin placenta as a fold across the placental surface (central arrows) and the 
marginal arrows denote the "vascular equator", or meeting plane of the two 
vascular and villous districts of the two fetuses. As will be seen, these do not 
coincide. It is more surprising still, that this phenomenon can be seen in many 
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dichorionic twin placentas. Figure 77 shows such a circumstance in which the 
chorion (and amnion) of the left placenta overlaps one third ofthat on the right. 
Another specimen is displayed later (Fig. 121) and the mode of implantation is 
then explained. 

Fig. 7 4. Diamnionic dichorionlc fused twin placenta. 
Left is "T-sectlon" of area of fusion with dividing 
membranes extending above. Most of villous tlssue 
shown belongs to left (female) twin who also shows 
chorioamnionitis withchorionlc vasculitis. Dividlng 
membranes (right) conslst of 2 amnions (epithelium 
and connective tissue), 2 chorions and atrophic vllli 
and trophoblastincenter . Nodecldual tissue can be 
recognized. Amnion is often loosely attached and 

separated from chorion. 

The dividing membranes are now peeled apart with the aid of forceps. In the 
case of a diamnionic monochorionic placenta, the two amnions are stripped readily 
over most ofthe placenta. When in addition two chorions are present (Figs. 78, 81), 
such Separation is impossible and cannot be achieved without the disruption of 
villous placental tissue. 

At the junction of a fused dichorionic placenta the villi intermingle so intima
tely that one is unable to separate one half from the other without the aid of 
injected fluid. Numerous materials have been used for the delineation of the fetal 
vascular beds. Some of these are radiopaque and subsequent roentgenographic 
studies are necessary, others yield a plastic cast of the vascular bed after eventual 
corrosion of the hardened specimen. If the primary purpose is, as we believe it 
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should be, to determine: a) whether communications exist between the vascular 
beds, and b) the number and the nature of such anastomoses, then it is easier to 
proceed by injecting colored (green) saline. Unfortunately, almost all twin pla
centas studied after spontaneous delivery contain areas of villous disruption and 

. -· 
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.. 

, . 
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Flg. 75. Origin of "dividing membranes" in diam· 
nionic monochorionic twin placenta. Singlechorion 
is horizontal at bottom, beneath it blood in inter
villous space. Apposed amnionsoften are separated 
by a space, lndlcatlng Iack of fusion. Also notlce 
Iack of vessels in amnlonic connectlve tissue. 
Higher magniftcatlon (left) of dlviding membra
nes is taken from rolled sectlon as described in text. 

for this reason and the fact that it is extremely difficult to inject the entire 
placenta at once with enough fluid, we have practiced the judicious injection of 
selected areas. By this means, one finds almost all monochorial twin placentas to 
possess shunts, while we have been unable to demonstrate any in dichorial twins. 

Ordinarily, a fetal villous district in the placenta is served by one umbilical 
arterial branch (always lying above i.e. toward amnion, the major veins), and it is 
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drained by a tributary to the umbilical vein. After the amnionic membranes have 
been stripped, it is possible to determine the approximate 'vascular equator" of 
the two placental halves and the study of all vessels leading toward this area 
quickly identifies the areas in which vascular shunts may be expected to exist 

Fig. 76. A diamnionic monochorionic twin placenta of premature twins with the transfusion syndrome. The 
dividing membranes (2 amnions) lie across the center of the placenta (arrows); the "vascular equator" (meeting 
of the two masses of viilous tissue) is indicated by marginal arrows. Note its divergence from the meeting of 

membranes. Common villous vascular district is found at top arrow. 

(Fig. 79). The simple equipment which we have found to be the most useful is 
shown in Figure 80. Near the location then of such presumed common vascular 
beds, a needle with ball tip is inserted, tied into an arterial brancl1 and, through 
a 3-way stopcock, green saline is injected until it becomes evident into which 
direction flow of the injected fluid occurs. Usually, after the injection of 30-50 cc 
of saline, it is apparent whether fluid returns to the same infant or its partner 
through a variety of possible anastomoses. This procedure is repeated at various 
sites and the pattern recorded. It is desirable to cut the umbilical cords near 
their insertions to allow escape of blood and to prevent undesirable flow into 
communicating villous districts by application of a restrictive forceps. Un
fortunately, these sturlies are merely qualitative. They allow little conjecture 
of in vivo conditions, as these are clearly governed by many other factors, such 
as fetal blood pressure, heart rate, etc. In dichorionic twins, we have been unable 
to demonstrate possible communications. Here, one cannot make a judicious 
selection of possible sites of anastomoses since the vascular trees usually vanish 
at some distance from the juncture (Fig. 82). Therefore, as much of such placentas 
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is injected as is possible and subsequent transverse sectioning determines the 
extent of villous intermingling (see description of quadruplet placenta by HAMIL

TON, BROWN & SPIERS) . 

Fig. 77. Diamnionic dichorionic twin placenta with nnusual fusion of chorionic membranes. The chorion laeve of 
the Ieft placenta overlaps one thlrd of placental mass on right. The placental tissue of this third is vascularized 

from long vessels of right placenta; it is not covered by it.s own chorion. 

Fig. 78. Separatlug the two amnia in a diamnionic dichorionic twin placenta from the intermediate chorionic 
dividing membranes, held up in the center. 

Previous authors have advocated the preparation of a "T-section" in which 
the long arm of the T is to represent the dividing membranes and the horizontal 
arm the placental surface (Figs. 74, 75). Since this interferes with the injection 
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Fig. 79. Diamnionic monochorionic twin placenta whose amnions have been peeled away. This is a portion of the 
"vascular equator". Several types of communications can be seen. At 1 is the normal sltuatlon: An artery (left) 
is entering villous tissue whose blood is drained by an adjacent vein into the same fetus (top). A similar distribution 
is present at 2 for the bottom circulation. At 3, a direct vein to vein communication exists between the two vas
cular beds. At 4 an artery to vein shunt through villous tissue exists with llow from top to bottom. Several other 
complex communications can be detected by close inspection and conftrmed by judicious, selective injection. 

\ 

Fig. 80. Instruments used for the convenient detection of anastomoses in twin placentas. At left, tube with three
way automatic stopcock and meta! ball which hangs in solution of green saline (right), 2 forceps, mosquito clamp, 

syringe, thread and needle with ball point. 

Handbuch der pathologischen Anatomie VII/5 13 
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study, we prefer to judge the histologic nature of the dividing membranes from 
the rolled tissue section, obtained at the outset. Mter the completion of these 

Fig. 81. Left: Diamnionic monochorionic twin placenta whose two amnions are bcing peeled, dlsclosing !arge 
anastomoses. 

Fig. 82. Diamnionic dichorionic placenta with fusion . No terminal vessels approach the area of fusion. Left cord 
has velamentous insertion and major vessels course over chorion laeve on left. 

steps, the placenta is treated as though it were a single organ, the weight having 
bcen obtained before injecting saline. 
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B. Pathologie Anatomy of Twin Placentas 

I. The Monoamnionic Monochorionic Twin Placenta. 
This membranerelationship represents the least common variety amongst twin 

placentas and, as with the other monochorial twins, it is found only with mono
zygous (single-ovum-derived) twins. Numerous case reports record the frequent 
complications arising as the result of the enclosure of two twins in a single cavity, 
the most common being the intertwining of umbilical cords with cessation of circu
lation in one or both twins and intrauterine death. RAPHAEL has reviewed the 
literature recently and finds a considerable variation in incidence of mono
amnionic twinning reported in the literature. His own frequency is 1 :16,000 deli
veries, or 1 :165 twin deliveries, a much higher frequency than had commonly 
been assumed. Our own figures, collected from 250 consecutive twin deliveries 
beyond 20 weeks gestation are: in a total of 19,920 pregnancies there were 3 cases, 
or 1:6,640 pregnancies, or 1:83 twin pregnancies (BENIRSCHKE 1961 A). This figure 
is close to another prospectively collected incidence of 1 : 65 twin deliveries re
ported by LIBRACH & TERRIN but it differs appreciably from WENNER (1956), 
who found 4 of 100 twins to be monoamnionic. Other authors have still wider 
deviations, pointing to the necessity of collection of large data with a prospective 
methodology. 

Of all the types of monozygous 
twin pregnancies, presumably the 
monoamnionic twins arose by split
ting of the inner cell mass very late 
in embryogenesis, after the seventh 
day offertilization (COULTON, HERTIG 
&LoNG)and thefused twins, (double 
monsters) belong into this group 
(Fig. 83). At least 200 cases with de
scription of the placentas of mono
amnionic twins are recorded in the 
literature. A primary interest has 
focused in the past on the increased 
risk to the fetus. Of all twins, who 
have an approximately tripled peri
natal mortality when compared with 
singletons, monoamnionic twins have 
the highest prenatal mortality. In 
fact, in the reported cases, double 
survival reaches a maximum of only 
46% (RAPHAEL). However, it appears 
that the reporting of cases is moti
vated by the observation of double 
survival and it is thus not surprising 
that in recent years the statistics 
have improved even more (TIMMONS 
& ALVAREZ; GoPLERUD). Entangling 
of cords, interlocking, inadvertent 
surgical transection of the wrong cord 
when wound around the body of the 
first delivered twin, are primary ha
zards. An additional, and unexpec
t ed finding is a high frequency of Fig. 83. Thoraco-abdominopagi; abortion with monoamnionic 
congenital anomalies which infiuen- placenta and only one umbilical cord. 
ces the perinatal mortality figures de-
leteriously. An unusual complication was reported by us in a pair of premature twins, 
one of whom was born macerated, the other died 62 hours after birth (BENIRSCHKE, 
1961 B). At autopsy, widespread necroses were present in his organs and interpreted 

13° 
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to be secondary to thromboses. It was conjectured that thromboplastin-rich blood 
from the macerating fetus had gained access to the other twin through extensive 
anastomoses in the placenta of this pregnancy which is shown in Figure 85. Similar 
events have been held responsible for the death of the second of conjoined twins when 
one has expired. 

The gross morphology of the monoamnionic monochorionic twin placenta is 
relatively simple. By far the majority of cases possesses one large placental mass 
and a single chorionic cavity, which is lined by a single amnionic membrane. 
Remnants of a possibly pre-existing dividing membrane are not often found. 
The umbilical cords, usually there are two, arise from the placental surface at 
some distance one from the other and many authors give their insertions in centi
meters (e.g. CouLTON et al.). These authors also describe the presence of grossly 
visible anastomoses between the fetal vascular beds, as do PICKHARDT & BREEN; 
in other authors' photographs such communications can be seen. Frequently, the 
cords are inserted next to one another and rather sizable anastomoses are present. 
It has been conjectured that the distance of cord insertion might influence the 
frequency of cord entangling and thus the fetal outcome. This is not borne out 

Fig. 84. Monoamnionic monochorionic twin placenta; cords Insert close to each other; major vascular communi
cations. No lntertwinlng, both lnfants weil. 

by a study of the Iiterature containing good descriptions. Thus, W ALTERS & 
WHITEHEAD depict a case with extensive entangling of closely inserted cords and 
good outcome (their figures are misnumbered). In a similarly structured placenta 
of ours (Fig. 84) no intertwining occurred, while SwAIN found macerated stillborns 
due to knotted, entangled cords which inserted 5 cm apart. Another example of 
this is shown by ÜTTOW in bis Figure 175. 

Occasionally, forked cords are described but these are most uncommon. CORNER 
depicts such a situation in a small abortus in which two cords supply separate fetuses 
and merge toward the placenta. AHLFELD as weil as SciPIADES & BURG also refer to 
funiculopagous twins. A single cord supplying fused (incompletely separated) twins is 
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more frequent; a pertinent case in a thoracoabdominopagous abortus is shown in 
Figure 83, a few others are referred to by GEDDA; PoTTER (1961) and others. KREUT
NER, LEVINE & THIEDE have recently published a similar case which came to term. 
Chromosome studies in this case showed a normal complement. An even more complex 

Fig. 85. Monoamnionic monochorionic twin placenta, cords wound araund each other with fetal death of one 
(dark cord). Majorconnections of vessels at base of cords. Neonatal death of one from widespread thromboses; 

cardiomegaly. 

anomaly has been described by GRUENW ALD & MA YBERGER. These very malformed 
twins lacked a proper cord altogether, the vessels passing more or less unsupported 
directly to the placental surface. Another case of malformed twins without proper 
cord has been shown by PRATT, McLEAN & SUTTON. It is of interest to note that 
frequently, in the severe anomalies associated with monozygous twinning, there are 
major anomalies of the cord. Thus, absence of one umbilical artery which is discussed 
elsewhere, and extremely short cords are almost the rule in acardiac monsters (v. i.). 
In monoamnionic twins, such a short cord occurring in one, an anencephalic, is shown 
in Figure 86. The other twin developed normally ; the anencephalus had extensive 
adhesions from his skull to the amnion and was stillborn. Similar cases without vascular 
communications or dividing membranes and without amnionic adhesions were des
cribed by LITT & STRAuss, and by PEDLOW. The latter author has collected a f ew 
other cases from the Iiterature and is the first to include blood grouping to prove the 
single-ovum derivation ofthese twins. POTTER (1961) who, as many other investigators, 
finds an increased frequency of anomalies in monozygous twins, has never seen both 
twins severely malformed. The most extensive anomalies she m entions in twins are 
associated with a forked cord and she describes such a case with diamnionic membranes, 
the cords arising from the partition. FREEDMANN, TAFEEN & HARRIS describe a large 
thoracoabdomniopagous conceptus whose placenta had two cords which inserted l.5cm 
apart and which joined 13 cm from their insertion to form a single structure, containing 
only 3 arteries and 2 v eins and thus entering the fetuses. Contrary then to the case of 
a forked cord described by CoRNER, in this case the placental end of the cord was 
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duplicate and fused toward the fetuses. Also, the description indicates the presence of 
what appears to have been a partial diamnionic dividing membrane which was de
generating. 

Fig. 86. Monoamnionic monochorionic twin placenta, no definite anastomoses, cords widely spaced. Left fetus 
survived, right fetus anencephalic with amnionic adhesions and short cord. 

While it is a common finding that monochorial placentas have circulatory 
anastomoses between the fetal vascular beds (some authors state that all do, e. g. 
ScrPIADES & BuRG), WENNER (1956) has pointed out that Siamese twins may not 
share common placental vascular beds when injection studies are performed. 
This is surprising since one would expect those embryos, splitting very late in 
development to form conjoined twins and having already a well-established blasto
cyst wall, to share more placental tissue than the intermediate forms, those result
ing in diamnionic monochorionic placentas. By analogy then, the earliest formed 
twins with dichorial placentas can be shown to lack communications. It is equally 
challenging to learn that in these monoamnionic monozygous twins also the 
greatest degree of intertwin-dissimilarity is found (STEINER) and congenital ano
malies are the most frequent . On the other hand, it must be pointed out that the 
single-ovum derivation, and thus "identical" nature of Siamese twins has been 
challenged recently by Amn, who argues that conjuncture of two possibly even 
fraternal twins has not always been excluded. Such events arenot entirely specula
tive as the frequent cases of chromosomal mosaicism in man and the experimental 
fusion of mouse eggs (MINTZ) have shown. Certainly, today genetic tools are at 
our disposition which allow the clarification of this point in future cases. 

Is it possible that a monoamnionic sac has formed by the disruption of a former 
dividing septum? This question cannot be answered unequivocally at this time 
for want of sufficient human embryological specimens and inadequate study (or 
description) of twin placentas. Arguments from other species (marmoset, cattle 
and armadillo) have been introduced at this point (CORNER); however, as will be 
shown subsequently, they are misleading in the interpretation of human material. 

In the Iiterature on monoamnionic twins, two theories have recurred since 
the earliest descriptions of this anomalaus placentation. The older papers dis
cussing these hypotheses were summarized by ABRAMS in 1921 who presents a 
challenging case hirnself and, more recently, the Iiterature is reviewed by QuroLEY. 
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One, the primitive duality theory, states that originally two amnionic sacs were 
present but that the dividing amnia have disintegrated, possibly because of the 
pulsations of closely approximated umbilical cords. This concept was championed 
by AHLFELD but it has given way more recently to the other, or primitive unity 
theory , which holds that the embryos divided after formation of a single amnion, 
analogaus to the well-studied case of the armadillo. The cases presented in support 
ofthe former theory have all had major weaknesses, while some embryologic proof 
with instances supporting the latter theory have been cited (CORNER). Most ob
viously, the cases of doublemonsterfall into this category. 

A disappearance of dividing membranes is claimed to account for a common cavity 
in heterosexual twins by PICKERING. Unfortunately, this case is neither weil described 
nor are photographs provided. Since two separate placental masses were present and 
the twins were of different sex, the expected membrane relationship would be di
amnionic and dichorionic. Considering the vast number of contrasting specimens 
studied, it seems inconceivable that such layers should disappear in man as they do 
in other species, and to us, a more logical interpretation would be that the approximated 
sacs tore widely upon delivery, making accurate evaluation of membranerelationship 
impossible. ABRAMS described a case with a remairring plica but did not show its 
histology. TIMMONS & ALVAREZ describe a similar instance in their third case ofmono
amnionic twins and state that this structure "appeared to be a fold of the anmion" 
upon microscopic examination. This fold did not extend to the insertion of the cords 
which were separated by 6 cm. 

In our own material we 
have a case which was given 
to us by Dr. E. J. EICHWALD 
(Great Falls, Montana) and 
concerns like-sexed twins, one 
of whom died at age 2 days. 
This infant had the physical 
characteristics of the KLIP
PEL-FEIL syndrome and se
veral other minor an omalies; 
the other is normal. Chro
mosome studies showed no 
abnormalities. Two cords of 
this seeminglymonoamnionic 
placenta insert next to one 
another (Fig. 87) and step
sections (Fig. 88, left) show 
the six vessels to merge at 
the base to form three and 
then to branch over the 
chorion. A thin falciform plica 
extends from between the 
cords to the margin of the 
placenta but it does not con
tinue over the chorion laeve. 
Several sections through this 
plica (Figs. 88, 89) show two 
amnia whose tips are fused. 

Fig. 87. l\1onoamnionic monochorionic twin placenta with plica ex
tending from cords to edge of placenta. 

The tip never shows any epithelium but appears scarred, as though injured. It is 
conceivable that this plica has resulted from spontaneaus or traumatic disruption of 
previous diamnionic membranes. Alternatively, because of the direction of the 



200 V. The Placenta of Multiple Pregnancy 

plica and its extent, it may be that splitting had occurred at the very moment 
when the amnion was forming but when it was as yet incomplete. The rarity of 
such plicae then may be the result of the rare concurrence of such exact timing. 
A similar case has been reported by WoLF (quoted by v. VERSCHUER, 1927) and 
the well-illustrated case described by BAR will be discussed in the next section. 

Fig. 88. As Fig. 87; left: merging of 6 cord vessels indlcated by arrow at base of cords; right: thickening plica at 
lateral aspects of placenta. 

Next in time sequence, or rather, just previous in embryonie terms, we envisage 
the specimen shown in Figure 90 to have been produced. Here, the diamnionic 
dividing membranes pass between the closely inserted cords and a single yolk 
sac remnant with two persistent vessels is seen in this partition at the arrow. 
This case is identical to that which would have resulted from the embryonie 
specimen shown in ÜORNER's Figure 11. 

A remarkable case of unlike-sexed twins with monoamnionic placenta, presented 
by GuLDBERG, has been the cause ofsome confusion in the Iiterature because ofits title. 
Actually, anormalgirlwas twin to a severely malformed fetus who died from pneu
monia. Autopsy findings included atresia ani, atresia recti, hypoplasia of kidneys, 
bicornuate uterus, tubes, ovaries and a blind vagina. There was anoscrotal fusion with 
clitoral hypertrophy but the sex was definitely female, the title of the article not
withstanding. Two large venous anast.omoses were found between the closely appro
ximated cords. 
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Before passing to the even more complex placental relations of diamnionic 
monochorionic twins, it is pertinent to mention that the "transfusion syndrome", 
so prominent in the subsequent placentation types, has not been described in 
monoamnionic twins. Presumably, embryologic reasons are at the base of this 
divergence but these are not as yet understood. The great disparity in develop
ment, excess hydramnios and differences in hemoglobin content of twins, so often 
seen in diamnionic twins, have not been mentioned in any of the monoamnionic 
twin case reports accessible to us. It is possible that the extensive anastomoses 
seen in twins with closely positioned cords and the complete absence of a 
"third circulation" in others, particularly Siamese twins, is the explanation. 
However, embryologically this is not very satisfactory and a more detailed study 
of even the macerated monoamnionic twins is needed, particularly with reference 
to heart size. 

-.. .... 
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-~ 

Fig. 89. Beetion of plica of Figures 87, 88: note absence of amnionic epithelium at tip of plica with condensation 
of connective tissue. 

In this connection, the case of ABRAMS is noteworthy. This author described still
born aborted macerating twins with entangled cords, one normal, the other a typical 
acardiacus acephalus and possessing an anomalaus cord. ABRAMS finds an amnionic 
fold when pulling the cords apart but apparently no definite septum was seen. The 
state of maceration in a pregnancy complicated by hydramnios may have destroyed 
a previous septum. Alternatively, it may be that this case is a true monoamnionic 
twin pregnancy, in which, through the "third circulation" to be discussed later, an 
acardiac was formed. If so, this would further support the validity of the concept of a 
continuous spectrum in the twinning event and types of placentation. Similarly, 
marked myocardial hypertrophy has been described in one of the fetuses from the 
placenta shown in Figure 85. These were clearly monoamnionic twins and had extensive 
intermingling of the circulation {BENIRSCHKE, 1961 B). 
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2. The Diamnionic Monochorionic Twin Placenta 

This is doubtless the most frequent type of placenta associated with monozyg
ous twins. At the same time, its gross characteristics are the most variable and 
intricate. Here again, a spectrum may be observed when a large number is 
studied in detail. The most intimate relationship of the two fetal vascular beds is 
that shown in Figure 90, the cords arise almost from one point and only one yolk 
sac can be identified. At the other end of the spectrum, and presumably having 
an earlier embryologic splitting date , is the specimen shown in Figure 91. In the 
first, the placenta resembles very much that of Figure 82, however, it is mono
chorionic. Only a careful scrutiny of the dividing membranes will here discern 
the true nature of placentation. This example is the uncommon exception and 
must be considered to have formed at the earliest embryologic moment at which 
dichorial twinning has passed. 

Fig. 90. Diamnionic monochorionic twin placenta. Translucency of diamnionic dividing membranes is weil shown. 
They pass between closely Iuserted cords whose vessels anastomose a t b ase. Remnant ofsingle yolk sac with patent 

vessels is seen at arrow. 

The prototype of the diamnionic monochorionic twin placenta is illustrated 
in Figure 92, and after injection of a similar specimen, in Figure 93. In a majority 
of these "Di Mo"-placentas, the villous tissue is imperceptibly merged and 
portions are often shared by both fetuses, a condition referred to by ScHWALBE 

as chorioangiopagous twinning. ScHATZ has studied the vascular relationship of 
such twins in great detail and left us with a monumental work and important 
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concepts to which we will return. The chorionic membrane is single, the dividing 
membranes are the two amnia (Fig. 75) and wehavenot found evidence for, nor 
reference to, the possible remains of a plica consisting of choria, analogous to the 
condition described under monoamnionic twinning. On the other hand, we have 
observed a diamnionic monochorionic twin placenta with the delivery of a macerat
ed stillborn due to entangling of the two cords. This perplexing case can only 
be explained by assuming that a portion of dividing amnia ruptured before birth, 
possibly because of trauma by the fetus . The membranes were of such size and 
extent that we have no doubt they were once intact. There is no proof for this 
assumption, however, and one must remain sceptical for the time being. v. VER

SCHUER (1927) devotes considerable space to this problem. He quotes the case 
reported by BAR in which diamnionic, dichorionic twins had a large window 
in their dividing membranes and the knotted umbilical cords proved the repeated 
migration of the twins through this opening. "Secondary monochorial relation" 
is possible to have been created by rupture admits v. VERSCHUER, although BAR 

Fig. 91. Diamnionic monochorionic twin placenta resembling considerably the dichorionic type of Figure 82. 
No anastomoses are present. Neonatal death of one twin with normal heart. 

seems to have thought that close implantation was the principle cause. Later 
(p. 48) v. VERSCHUER states that such events must be quite uncommon butthat 
it may also be possible for 2 chorions, what "has definitely been proven for the 
amnion". He refers to a dissertation by WOLF in which monoamnionic relations 
were established through traumatic disruption of the dividing membranes, 
recognizable by the remains in a plica over the placenta. 

Occasionally, it is assumed that the term diamnionic-monochorionic implies the 
existence of a single chorionic membranetobe present within the dividing membranes 
(e .g. LEHNDORFF) . Embryologie considerations and actual findings preclude such mem
brane relationships. 
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As in other twin placentas, the umbilical cords are more frequently inserted 
on the membranes (velamentous insertion) than in singletons and rupture of a 
vessel with hemorrhage during delivery is a recognized hazard. The most challen
ging aspect of this placentation, however, is the presence of an array of anasto
moses connecting the fetal vascular beds. As indicated previously, some authors 
state categorically that all monochoria1 placentas share vessels. WENNER (1956) 
was unable to demonstrate these in the monoamnionic and hence monochorionic 
placentas of some conjoined twins and we have also failed to demonstrate cross 
circulation in isolated cases of monochorial organs. It must be cautioned though 

Flg. 92. Dlamnionlc monochorionlc twin placenta, amnlons largely peeled away. One umbllical artery has been 
injected with barlum sulfate. The white injection mass has ftlled both arterial trees completely through the !arge 
dlrect artery to artery anastomosis (A). Other shunts (center) cannot be demonstrated by this injection mass. 

that failure may, in some cases, be due to the type of injection mass or to the 
procedure employed. Thus, definite shunts ("common villous districts") can be 
seen in the barium injected specimen of Figure 93 which failed to fill by this 
method. Such failures led to our change in technique of injection which, while 
not so elaborate as that employed by ScHATZ, is similar. In other cases, the 
failure is the result of artifactual disruption of villous tissue during delivery. 
Thus, relatively few cases of demonstrably absent cross circulation in monochorial 
placentas remain. For these reasons it is equally impossible to give figures to 
indicate frequencies of types of anastomoses from published records. In personally 
studied specimens, the following shunts were observed in 60 consecutive diam
nionic monochorionic twin placentas: 
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Types of Anastomoses Total Survival 
Number of Infants 

Artery to Artery (A- A) 17 12 
(one or more) 
A-A+A-V 17 14 
A-A + V- V 2 2 
V- V 3 2 
A-V 7 3 
A-V+ V- A 2 1 
V-V+A-A 3 1 
Noshunts 9 6 

By far the most frequent type of anastomosis is the direct artery to artery 
communication, usually only one large vessel being involved (Fig. 92). This is 
easily demonstrated and since few sequelae attend this behavior, most placentas 
need be studied no further for meaningful anastomoses. The preceding table, 
however, shows that many twins possess additional A-V shunts. In the majority 

Fig. 93. Diamnionic monochorionic twin placenta. Arterial tree has been injected through right umbilical cord 
with barium sulfate. Anastomosis between umbilical arteries, regularly found at base of cord, accounts for diffuse 
injection. This method failed to disclose two A-V shunts present in bottom half of placenta (Courtesy Dr. S. 

Romney). 

of cases, these take the following path: an umbilical arterial branch dips into the 
chorion, supplies a fetal cotyledonary district and this , in turn, is drained by 
a vein which leads to the opposite fetus. Thus, a cotyledon is shared by both twins 
and blood flow is unidirectional. In the same placenta, several such cotyledons 
are shared frequently and blood flow may differ in one from the others, or not. 
A good example of this is Figure 165 of ÜTTOW, a colared reproduction of one of 
the many fine plates produced by ScHATZ. Rarely, but definitely demonstrable, 



206 V. The Placenta of Multiple Pregnancy 

one finds direct anastomoses (without interposition of villous tissue) of very fine 
artedes and veins between two fetuses. Direct vein to vein anastomoses are less 
common, and least frequent in our experience is the co-existence of artery to 
artery and vein to vein communications. The finer structure and its many varia
tions have been detailed by WENNER (1947) who also gives a historical review. 

As will be seen (v.i.), these frequencies differ from those found by ScHATZ and it 
must also be cautioned here that quite possibly the observations on the delivered 
placenta do not reflect the state of affairs during the entirety of fetal development. 
There is constant change in the placental tissue; marginal areas (particularly the 
chorion laeve) atrophy and others expand, etc. Equally possibly then, some anastomotic 
channels obliterate during development, thus altering substantially the conditions of 
the chorioangioparasites. Observations on early specimens would therefore be most 
desirable, a statement made much earlier by ScHATZ. 

This most complex vascular relationship of monochorial twins has profound 
implications in the intrauterine development, as was so clearly shown in the 
beautiful studies of ScHATZ. The pattern found in the finally established placenta 
may be that which has most survival value, a fact which can be determined from 
actual figures. It could be that the warst disastersend in abortion of both, or in 
early death of one fetus. That this suggestion has been made before is acknow
ledged by PRICE (p. 331) who quotes STREETER as pleading to have placentas 
studied more carefully for the possible evidence of the existence of former twins. 
While such events can occasionally be demonstrated as a fetus papyraceous, they 
are a relatively uncommon experience. However, were intrauterine death of one 
twin to occur in the first two months, it is unlikely that even a meticulous study 
of the term placenta would often detect it, let alone determine its cause. This has 
been discussed by ÜTTOW who quotes v. VERSCHUER as suggesting that of 100 
twin pregnancies some 32 are secondarily transformed to singleton pregnancies, 
an unexpected frequency, yet tobe supported by anatomic evidence. 

Historically speaking, placental anastomoses became of importance when it was 
claimed that fetal exsanguination of a second twin could occur if the first twin's cord 
had not been doubly ligated at his birth. The controversy over this subject and the 
question of the independence of fetal and maternal circulations is thoroughly reviewed 
in the comprehensive paper by PRICE on "Primary Biases in Twin Studies". PRICE 
undertakes the difficnlt task of presenting an accurate picture of the developments 
which led to the extensive studies oftheGerman obstetrician F. ScHATZ. His numerous 
contributions are referred to by the two publications listed, it being impossible to 
review adequately the monumental contributions to this subject by this author. 

ScHATZ had been stimulated by the explicit drawings in HYRTL's Atlas and 
his own observation, so fascinatingly described, of a set of monochorial twins 
with hydramnios accompanying one and oligamnios the other. PRICE summarizes 
ScHATz's principal placental types with respect to anastomoses and estimates 
that, among 100 monochorial twins described, all had some type of connection 
if their condition allowed proper analysis. This, sofaras ScHATZ was concerned, 
demanded the injection with four colored, thin fluids and regional Iimitation of 
flow as described above. In eight cases, no large anastomoses were found of any 
kind, 60 had only an arterial communication, 2 had single venous shunts and 
30 showed both an arterial and (somewhat smaller) venous anastomosis. ScHATZ 
considered these "hypercapillary" shunts as "anastomoses" while the connections 
through villous districts were termed "third circulation". These figures differ 
appreciably from ours despite our intimate knowledge of this work before collec
ting the material. A possible explanation for this discrepancy is the fact that we 
worked with consecutive deliveries of all types, while ScHATZ gathered his cases 
over 35 years from many sources. 
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There is little reason now to differ with his views concerning the impact upon 
development occasioned by the types of connections in the placenta. The mostfrequent 
Artery to Artery (A-A) anastomosis appears to be the least consequential. If it exists 
in association with shunts of the "third circulation" type, it seems to compensate for 
the inequalities arising from the latter. If only shunts of the "third circulation" (A-V) 
exist, then the now classical syndrome develops which stimulated ScHATZ to his pursuits 
and which will subsequently be referred to as the "transfusion syndrome". The de
leterious influence of V-V anastomoses is not easily explained nor is it borne out in our 
studies. ScHATZ found more cases with both A-A and V-V anastomoses than we did 
and was impressed with their favorable prognosis. At the same time, this anatomical 
situation pertains regularly when one fetus becomes an acardiac "monster" and it is 
as yet uncertain whether secondary phenomena (e.g. torsion of cord, umbilical hernia) 
are really necessary for their development or whether the chance anastomoses alone 
can occasion such disturbed development. As other authors have done since, ScHATZ 
drew attention not only to the type of communications but he emphasized their 
asymmetric nature and extent, as the causes of discordant development of some 
monozygous twins. 

3. The Transfusion Syndrome. 

The clear delineation of this syndrome and its logical explanation are among 
the great contributions ScHATZ made. In his first paper in 1875, he conceived 
the substance of what he was to prove in the ensuing years by meticulous study 
of collected cases. Barring minor additions and modifications, his conclusions have 
become part of the great heritage of European Obstetrics and Pediatrics. Patholo
gists have not concerned themselves much with this model system by which to 
study hypertrophy and hyperplasia and it is surprising that the concepts, so well 
described earlier, had to be rediscovered by the Angloamerican Iiterature in 
recent years. Still today the phenomenon is not universally accepted (e. g. WINNER} 

and many aspects need intense study with techniques only now available. 
The unequal development of monozygous twins, occasioned by the transfusion 

of blood before birth, results from an asymmetry of the third circulation to which 
ScHATZ drew attention. The first case described by him can serve as a prototype 
of this condition: Prematurely delivered twins with hydramnios (3,000 cc) of one 
and oligamnios of the other; diamnionic monochorionic twin placenta with shared 
cotyledons through which A-V anastomoses connected the fetal circulations. 
The first (larger) twin lived only 6 hours, urinating plentifully; the second (smaller) 
twin appeared dehydrated, had decubiti lived 12 hours and did not urinate nor 
wasurinein the bladder at death. 

A similar case has been discussed by us recently (BENIRSCHKE, 1959 (Figs. 94-97) 
and its variations were pointed out in 1960 (B). The picture is so characteristic that 
one needs to have seen it only once to be familiar with the possible spectrum of this 
syndrome. It is illustrated by this case: The twins in Figure 94 were delivered in the 
twenty-seventh week ofpregnancy of a twenty-six-year-old gravida 2 in whose families 
there were no twins. Severe hydramnios had necessitated abdominal amniocentesis 
(more than 4,000 ml) during the twenty-third week of pregnancy and again shortly 
before delivery (3,000 ml) several weeks later. Labor ensued shortly after the second tap. 
Twin 1 weighed 540 g and died shortly; twin 2 weighed 410 g and died within a few 
hours from hyaline membrane syndrome. The organs of these twins are represented 
on Figure 95. There is marked cardiac hypertrophy oftwin 1 (12.5 g; expected 4.6 g), 
with the liver, kidneys, and spieen less strikingly enlarged. Twin 2 had a heart weight 
of 2. 7 g (expected 4.6 g). This is the severe form of the transfusion syndrome, causing 
hydramnios and consequent premature delivery by virtue of the anastomoses de
monstrated in Figure 96 and 97. Microscopic examination of the organs in these 
twins shows not only the expected cardiac hypertrophy but also irregular calcifications 
in the liver and degenerative changes in the renal tubules of the smaller twin. The 
cause of the latter changes is not clear at this time. Another detailed case report with 
impressive color photograph has recently been detailed by BECKER & GLASS. 
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Numerous similar cases have come to our personal attention which have been 
incorporated in the detailed and continuing studies by NAEYE. lt is therefore 
surprising that so relatively few reports have been concerned with this syndrome. 
A review article by LEHNDORFF collects some of these reports to which others 
should be added. Thus, WILSON summarized 22 instances in 1899, basing his study 

Fig. 95. Heart, llver and kidney of twins in Fig 94. 
Myocardial hypertrophy in left twin exceeds the 
discrepancy between other organs of the two twins. 

Fig. 94. Discordance of monozygous twins, secondary to "transfusion syndrome". Left twin 540 g, edema· 
tous; right twin (donor) 410 g, dehydrated. Premature delivery because of hydramnios. 

on ScHATz's. He finds the explanation of hydramnios in the anomalous cardiac 
and renal function of the plethoric twin. SzENDI discusses the increased frequency 
of hydramnios in monochorial twins (16%) vs. that of dichorial twins (4%) but 
finds no definite correlation with the existence of placental anastomoses. HINSEL
MANN finds a similar excess of hydramnios in monochorials which he relates to 
transudation from fetal vessels under higher pressure. WuRZBACH & BuNKIN who 
describe two cases, consider the excess fluid to be of renal origin. PoTTER states, 
and we agree fully, that the transfusion syndrome is a frequent occurrence in 
monovular twins. 

On occasion, an unexplained picture develops, the !arger twin being the anemic; 
thus in the case of FALKNER, BANIK & WESTLAND, who describe a case of polycythemia 
and anemia in monochorial twins, present our method of study independently, and 
review the literature. HoDAPP, with his descriptive title, shows a color photo of a 
polycythemic twin (26.0 g Hgb.) and an "anemic" partner (14.4 g Hgb.). Of interest 
in his case as well as that of FALKNER et al. is that the polycythemic twin had a lower 
birth weight (2,270 g vs. 2,500 g and 1,500 g vs. 1,770 g.) The anemic twin did well. 
In accordance with the considerable experience detailed by SACKS and in order to 
prevent kernicterus, thrombosis and cardiac failure, 101 cc of blood were removed 
gradually from the plethoric infant in HODAPP's case. He did well thereafter, having 
also been given digitalis. FALKNER et al. lost their twin I at age 14 days.- Not only 
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are these cases unusual because of the unexpected weight differences (usually the 
plethoric twin is larger) but also, the pregnancy continued to term in one and was 
not complicated by hydramnios in either. Cardiac hypertrophy was not detected in 
HoDAPP's plethoric twin by X-ray studies. In this case the placenta was diamnionic 
and monochorionic and, while no anastomoses were seen, injection studies were un
fortunately not performed . This report refers also to several additional case reports in 
the recent literature. Another case with severe polycythemia (25.6 g Hgb.) and anemia 
(7.8 g Hgb.), where the anemic twin was the larger (2,835 g vs. 2,551 g) has been 
detailed by LITTLEWOOD. Toxemia complicated the pregnancy, again hydramnios was 

Fig. 96. Placenta of twins in F igures 94, 95. Monochorionic; dividing amnions lying across center, congested 
edernatous cord of !arger twin at left, cord of smaller twin (rt.) torn olf at delivery. Vascular equator to right of 
membranes (arrows). One A- V "common villous district" was identifled a t top right (Fig. 97) by lnjection. 

Another possible anastomosis at right bot tom could not be verifled because of disruption of villous tissue. 

absent and the pregnancy went to term. Since twin 1 was the polycythemic, terminal 
"transfusion" from the placenta through uterine contraction, as had been suggested 
by some authors previously, can be ruled out. - As with other similar cases, once the 
neonatal problems had been overcome the infants made a rapid adjustment and 
equalized in a f ew m onths. For our context it would be important t o learn the etiologic 
mechanism of this variant of the usual transfusion syndrome. As in HODAPP's case 
and others, no detailed study of possible placental anastomoses was made although 
fetal to maternal hemorrhage was explicitly excluded as the cause of the anemia. 
One placental half was extremely congested andin the other the vessels were empty. 
No anastomoses were seen but the author assumes from his knowledge of the subject 
that unidirectional fiow from the anemic to the polycythemic must have accounted 
for the d isparity in hemoconcentration. H e rules out the existence of previously as
sumed phlebostatic events, which are difficult t o conceive a t best , and he believes that 
transfusion occurred l at e i n these twins. The lack of hydramnios and unexpected 
direction ofweights are further indication of a recent and acute imbalance, as is the 
precarious state of the polycythemic twins just cited. KERR described another case, 
the first of his four sets with the transfusion syndrome. In this instance, hydramnios 
was a complication of pregnancy. 

Handbuch der pathologischen Anatomie VII/5 14 



210 V. The Placenta of Multiple Pregnancy 

How can one explain the development of these exceptional cases? W e believe 
that only very careful exploration of the vascular status can further contribute 
at this point and conjecture that the release of possibly restraining intraamnionic 
pressure, after rupture of the membranes during delivery, could result in other
wise unexplicable fetal transfusions. Assurne that a delicate balance is kept in the 
transfusions from the polycythemic to the anemic twin by several reversed 
anastomoses. A sudden reduction of blood pressure in one twin might change or 
even reverse flow. It is conceivable that this occurs when intra-amnionic pressure 
falls after rupture of the membranes. Distension of one fetal vascular bed, mainly 
placental, might result, analogaus possibly to the mesenteric circulation after the 
sudden release of ascites fluid. (Recent evidence [ZITNIK et al.] however, suggests 
that this mechanism is not a regular event in paracentesis). If this were the case 

Fig. 97. Right upper segment of Flgure 96. An artery (empty) from right (small) twln Ieads to a vlllous distrlct 
(arrow) and is drained by a congested vein into !arger twin (left). Oval white body at top is remalns of singlc yolk 
sac. Grannies of amnion nodosum are present only to right of dividing membranes and are due to oligamnlos with 

the smaller twin. 

then a formerly transfusing fetus, who may even have been anemic, could suddenly 
become plethoric through the agency of such anastomoses. The difficulty with 
this concept is that it implies plethora of the first delivered twin and this is not 
regularly the case. It may then be easier to return to the original hypothesis of 
vascular occlusion. If, for unknown reasons, one A-V district of two such reversed 
common villous districts became suddenly occluded, it is conceivable that sudden 
polycythemia and anemia could develop with an unexpected lower birth weight 
of the plethoric twin. Only meticulous study of the placentas with these possibili
ties in mind will eventually disclose the facts. Such was attempted by FALKNER 

et al. but it could not be completed. In their c:1se of smaller and plethoric twin 1, 
the monochorionic twin placenta had an A-V fistula from twin 2 to twin 1 which 
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is well shown in their photograph. In addition, a small A-A anastomosis was 
present which is obscured by membranes. Through both these vessels blood could 
have filled twin 1 after rupture of the membranes if our first concept held. The 
apparent ease with which injection of these vessels could be accomplished negates 
the existence of at least major occlusive thrombi. The occurrence of major vascular 
thromboses can be seen relatively frequently in single placentas and of course after 
death. We have once seen such beginning thrombus formation (Fig. 98) in one 
of the twins who was the anemic and smaller partner in the transfusion syndrome. 
The Iiterature of these deviant cases is reviewed by VERGER et al. who also urge 
more detailed studies of possible thrombotic events and present three similar 
cases of their own material. 

Equally puzzling at this time is the development of the typical transfusion 
syndrome reported by HEINRICHS in a pregnancy where only one large A-A 
anastomosis could be demonstrated in the monochorial placenta. 
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Fig. 98. Chorial vein of monochorionic twin 
showing mural thrombosis at its right and 
left edges. Artery is above right. This is in 
the smaller oftwo twins with the transfusion 

syndrome (H & E, x 60) . 

Quantitative studies such as those of 
NAEYE (1963) are likely to shed much light 
on the pathophysiology of this syndrome in 
the future. In eleven pairs of twins, delive
red prematurely because of this syndrome 
and coming to autopsy, NAEYE (1963) com
pares the gross and microscopic development 
of the twins, relates it to expected weights 
and the clinical history and, in nine instan
ces, to placental findings . In the three pa
rameters most readily assessed pathologically, 
heart weights, muscle mass of small pulmonary 
vessels and size of renal glomeruli, a uniform 
deviation from the normal is shown. The 
hearts of the recipient twins are larger, those 
of the donors are smaller and the same rela
tionships hold for the pulmonary and sys
temic vascular muscle mass and glomerular 
size. From these measurements and the other 
findings of placenta, hemoglobin etc. pre
viously cited, NAEYE (1963) postulates the 
existence of not only hypervolemia but also 
hypertension in the recipient and hypovole
mia with hypotension in the donor twin. 
Several other interesting facets emerge from 
this study. The myocardial enlargement oc
curs possibly on the basis of hyperplasia 
rather than hypertrophy, (see also THOMAS 
who describes 3 cases with remarkable weight 

differences ), hematopoiesis is not noted to be dissimilar (? equal distribution of ery
thropoietin), other organ weights are near normal and in the discussion, a tempting 
comparison with the para biotic intoxication syndrome of mice is drawn. N AE YE also 
drawsattention to the complications of the syndrome (kernicterus, thrombosis heart 
failure) and infers from the finding of hyaline membrane disease in both, hyper
volemic as well as hypovolemic twins, that the cardiovascular etiology of this 
disease is unlikely. His cases, incidentally, also include a smaller polycythemic 
twin for which he has no ready explanation. Finally, this study further supports 

14° 
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the original notion (ScHATZ, WILSON) that excess urination contributes in large 
measure to the hydramnios which so often seems to be the cause of the premature 
termination of such pregnancies. In subsequent reports, NAEYE (1964) and 
NAEYE & LETTS, these studies have been extended to include dichorionic twins 
in which similar discrepancies arenot observed. 

In summary then it can be said that a considerable number of monochorial 
twins is adversely affected in utero by the chance existence of a "third circulation", 
arteriovenous shunts through common villous districts (mixed cotyledons of 
WENNER). It is envisaged that, over a long period of time, a donor loses with 
each heart beat a small quantity of blood into the recipient for which he may or 
may not be compensated by reverse anastomoses. If not, the recipient will become 
hypervolemic, hypertensive and hydramneic through either excess urination 
alone or transudation from congested placental and fetal surface vessels. A state 
of balance may be achieved by the hypovolemia and hypotension of the donor 
as well (NAEYE 1963). After birth, the syndrome will be overcome rapidly, 

Fig. 99. Because of severe hydramnios at 20 weeks gestation with monochorial twins, a transuterine ligation of 
one cord (right) was performed. lnadvertently, the main mass of placental tissue was transgressed surgically 
(central hole) and the exsanguinated fetuses were aborted. It was expected that the cord of !arger (hydram
neic) fetus would be tied, however, the twins were of similar size (A : 249 g & B: 246 g). This was probably achie
ved because twin B had died earlier and is therefore smaller . At arrows two A-V shunts were present in op
posite direction but additional communications are likeiy to have been present in the central incision. Twin A 

had a recent spienie infarct. 

particularly if the therapeutic measures indicated by several authors are applied 
(SAcKs). Considerable variations of the syndrome exist because of the complexity 
of vascular anastomoses and possibly other as yet unexplained factors . In general, 
the severest forms of the syndrome lead to premature birth between the 20th 
and 30th weeks of gestation but they may be observed at term and it is possible 
that its worst manifestation is the formation of acardiac monsters, or the develop
ment of some cases of fetus papyraceous (v. i.). Mural thrombi in large placental 
veins are seen in this syndrome leading perhaps to occlusion and eure of some 
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cases. It may be justified to consider the ligation of one of the umbilical cords when 
the early recognition of the syndrome indicates poor outcome. An attempt of this 
procedure, unfortunately unsuccessful, is shown in Figures 99, 100. This therapy 
would necessitate the accurate clinical diagnosis of the circumstances leading to 
severe hydramnios in the mid-trimester of twin pregnancies. 

Fig. 100. Hearts ofFigure 99, showing that their discordance in size is already weil established (A: 1.2 g; B: 2.6 g). 

4. The Hydramnios with Twin Pregnancies. 

It has been referred to previously that hydramnios, a recognized complication 
of twin pregnancies, is much more frequent in monochorial twins. Pertinent 
contributions to the literature are the papers by ScHATZ; WILSON; FoRSELL; 
JEFFCOATE & ScoTT among many others. The syndrome leading to this excess 
fluid, however, is not always recognized nor adequately studied, as evidenced by 
the report of 15 cm monochorial twins associated with 5,000 cc ( !) of fluid by 
MUELLER & DECKER. In a study of 573 twin pregnancies by GuTTMACHER, 
dizygous twins are said to be more frequently associated with hydramnios, the 
maximum degree (7,000 and 5,900 cc) occurring in two abortions. STEVENSON, 
who finds twins tobe the cause of 6.5% of 368 cases of hydramnios, on the other 
hand quotes Browne & Browne as doubting that dizygous twinning was the cause 
of hydramnios. The cause and the mechanism of formation of hydramnios was 
thought to be largely the result of excess fetal urination (ScHATZ, WILSON) but 
it has been interpreted differently by MARX. This author describes an edematons 
male triplet (21 cm crown to rump [CR], 7.5 g heart, 8 g kidneys), monochorial 
to a male (19 cm CR, 2 g heart, 2 g kidney) and anormal dichorial female triplet 
(22 cm CR, 3 g heart, 5 g kidney) stillborn, three weeks after the occurrence of 
acute hydramnios in the fifth month of gestation. MARX takes the point of view 
that urine production is not a major contribution to amniotic fluid. His specimen 
demonstrates clearly fetal heart failure (hydrops) and on the basis of this, combin
ed with anoxia of vessels in cord and placenta, he envisages an enhanced transuda
tion of fluid into the amnionic space. At the same time, the amnionic epithelium 
is thought to excrete more fluid because of the increased circulation. Despite 
these conflicting statements and, we believe unproven concepts, the paper is 
important because it demonstrates the glomerular size difference and pulmonary 
vascular muscle mass discussed previously (NAEYE) and it shows the remarkable 
difference in the size of placental villi in the two portians of a monochorial placenta. 
The villi of the hydropic twin are typical, on first inspection, of those in erythrob
lastosis (the mother was Rh positive) while those of the monochorial partner are 
normal, possibly one third the size of the edematous former villi. Unfortunately, 
only a drawing of the uninjected placenta is shown which was thought to have 
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one A-A anastomosis. HIBBARD describes monochorial twins with severe hydram
nios of one cavity associated with a typical hydrops fetalis (2,355 g) and a second 
twin weighing only 795 g. Anastomoses and common villous districts are mention
ed but not described in greater detail. Ofinterest is the photographic demonstration 
of severe hydropic villous change with the edematous fetus while the smaller bad 
only minimal villous swelling. HIBBARD finds little difference in this histology 
from that of erythroblastosis fetalis (which is excluded) except that in bis case 
no proliferation of the Langhans layer bad occurred. He refers to Ballantyne's 
interest in this subject who found acardiac monsters to be uniformly edematous. 
HIBBARD states that there was no cardiac enlargement of bis edematous twin and 
he reopens the question, posed by CAPON earlier, whether primary ("genetic") 
lesions or other factors adversely affecting placental water transfer are responsible 
for the excess in fluid. WINNER holds a similar opinion, a difficult concept in our 
opinion and for which there is no direct evidence. The contribution by SzENDI 
(1938a) also sheds doubt on the urinary contribution to the hydramnios. As many 
other authors (STEVENSON bad 12 cases of unilateral anencephaly), SzENDI 
observed two sets of monochorial twins with hydramnios in whom one twin was a 
malformed fetus with rhachischisis. In one of these cases he measured 8,000 cc, 
in the other 9,000 cc of amniotic fluid. In the latter case, the malformed twin bad 

Fig. 101. Junction of two placental districts of monochorial twins with marked transfusion syndrome at 32 weeks 
gestatlon. The left half is the villous tiBSue of the plethoric twin with enlarged vilii and distended biood vessels. 

At right is the anemic, dehydrated twin with more apparent clumping of syncytium. (H & E, x 100). 

the }arger heart, was hyperemic and }arger, but also lacked kidneys. Both twins 
bad only one umbilical artery and anastomoses were present in the placenta. 
Transvascular fluid loss seems to be the only way which can reasonably explain 
the hydramnios in this case.-That defective swallowing can also account for 
fluid accumulation, particularly with anomalous twins, has recently been demon
strated with radiopaque substances, injected into the amnionic space and by 
subsequent serial radiography (McLAIN): In a patient with a twin pregnancy, 
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severe hydramnios developed at 26 weeks; 600 cc were withdrawn and replaced 
by 45 cc of contrast medium. This procedure was repeated at 35 weeks. At both 
tim es a delayed appearance of the medium in the intestinal tract was noted which 
is correlated with the occurrence of hydramnios. This paper contains many other 
interesting aspects. It also points out that one might have expected by history 
alone that a transfusion syndrome of monochorial twins was the reason for hydram
nios. However, a malformed twin was found and the placenta was a dichorionic, 
separated twin organ and the twins were of different sex, ruling out the existence 
of the transfusion syndrome (personal communication). Studies of this sort will 
be most interesting in the future exploration of monochorial twins. Whether the 
remarkable increase in the size of the glomeruli in the recipient twin (MARX, 
NAEYE) reflects merely the increase in nutrition or hypertension, hypervolemia 
or anoxia is also uncertain. In the adult, the existence of polycythemia vera does 
not Iead to enlarged glomeruli (CORRIN) while it is seen in tetralogy of Fallot 
(BAUER & RosENBERG) and chronic cor pulmonale (ELLIS), presumably secondary 
to arterial hypoxemia. These adaptive mechanisms may differ in fetal develop
ment and warraut further study. The obstetric management of such patients and 
postnatal care of the infants is fully discussed by CoNw A Y who also refers to the 
development of fetus papyraceous. 

In our experience, the histologic difference between the adjacent villous 
tissues has never been so great as to cause possible confusion with erythroblastosis. 

Fig. 102. Dividing membranes (diamnionic) of twins 
with early debris of amnion nodosum on left , normal 

amnion at right (H & E, x 60). 

/ 

' 
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Fig. 103. Dividing membranes of monochorionic, 
diamnionic twin placenta. Recent fetal death of one 
fetus with complete degeneration of amnionic epithe· 
Ii um (right) and preservation of other (left). The con· 
nective tissue is still relatively normal (H & E, x 250). 

On gross inspection, one placental half may be considerably more pale but histo
logically the most extensive change we have encountered is that shown in Figure 
101. The villi of the congested fetus are somewhat larger, at times edematous and 
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they are intimately m.ingled with those of the donor twin. In some specimens, the 
villous blood vessels are dilated and reflect the congestion which is apparent 
macroscopically. Since we know little about the determ.inants for the growth of 
the placenta, one might hope that a knowledgeable comparison of the two halves 
of such identical twin's placenta will provide an insight in the future. Thus, if 
fetal blood pressure, blood volume, nutrients, etc. were favorable to placental 
growth and expansion, one might detect this by quantitative studies of the placenta 
in living twins with well-established transfusion syndrome. No such studies have 
yet been attempted to our knowledge. 

Wehave been unable to find a consistent change in the appearance ofthe amnionic 
epithelium in the hydramneic sac, while classical amnion nodosum is often found in 
the oligamneic cavity (Fig. 97). It is challenging to note that the very thin dividing 
membranes, consisting of two amnions only, fail to transmit to the adjacent dry 
cavity any of the excess water which must be under considerable pressure. Similarly, 
when one fetus succumbs before birth, one may find complete necrosis of the respective 
amnionic epithelium and most or all of its connective tissue, while the adjacent amnion 
is intact (Fig. 28). Since the amnion possesses no vessels and because it is not juxta
posed to an adjacent chorion in these dividing membranes, it must derive all of its 
nutrients and oxygen from the amnionic fluid. lt is surprising then that the oxygen 
and nutrient gradient seems to be so steep as to forbid maintenance from the adjacent 
cavity in a case such as shown. SzENDI comments also on this "unity of fetus and 
amnion" as opposed to the chorion in a similar case. Alternatively, one could assume 
that toxic substances from the dead fetus are liberated quickly but these then 
also seem to be of little consequence to the sac containing the normal fetus. lt may 
be mentioned here also that intrauterine infection, with severe chorioamnionitis and 
funiculitis, is often confined only to one amnionic cavity, usually that of the first-born 
twin. This is even the case in the presence of large vascular anastomoses between the 
two placental halves. Wehave used this finding as an argument in favor of ascending 
infection in the etiology of membranitis and against the concept that this process 
results from anoxia (BENmscHKE, 1960).1t would be ofinterest in such cases to assess 
chorionic vascular inflammation in various areas of placentas in which the amnions 
are fused at points not coinciding with the vascular equator, such as shown in Figure 7 6. 

5. Fetus Papyraceous. 

At present we do not know the frequency of twins at the time of conception 
a.nd reference is made to v. VERSCHUER's suggestion (quoted by ÜTTOW, 1945) 
that it is possible that many twin pregnancies are secondarily converted to single 
pregnancies through the death of one fetus. A variety of evidence can be brought 
to bear in favor of this concept. For instance, the implications of the findings of 
AREY on tubal twin pregnancies which indicate that monozygous twins make up 
the majority of tubal twin pregnancies; the recent suggestion that postzygotic 
nondisjunction is frequent, with lethal monasomies formed (EnwARns); CARR's 
studies on the cytogenetics of abortions, as well as the occurrence of a fetus 
papyraceous associated with a normal twin. If the concept advanced by En
w ARDS of frequent postzygotic nondisjunction were found to be correct and if it 
could account both for twinning processes and for mosaicism and trisomies, then 
it might be impossible to find proof of the former existence of a twin. He would 
have been monosmnic, probably unviable and vanished at the one- or few-cell 
stage: If, on the other hand, fetal death of one twin occurred at later developmental 
stages, and for other reasons, then it will be more likely to find remnants of such 
a fetus. With the continued growth of the normal twin, this dead tissue shrinks 
and flattens, to become incorporated, by pressure, into the chorion laeve of the 
placenta. Eventually it resembles yellow, necrotic decidua. Its size depends on 
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the time of death and so does the shape of the fetus papyraceous or fetus com
pressus. Usually, it is found in a separate, albeit dried and atrophied sac, but 
doubtless it is often overlooked. 

Such was nearly the case with the specimen shown in Figure 104, had it not been 
for the rootiiie' examination of all placentas in our laboratory. This specimen is mono
chorionic and diamnionic, a thin cord of this 6 cm fetus could be demonstrated and 
the remains of atrophied vascular communications can be seen at the margin of the 
placenta. A skeleton was visualized by roentgenography. The portion of placental 
tissue of this fetus compressus which remains, is extremely small but still vascularized 
by the twin's circulation. Two A- V fistulas (compressus to normal) and one A-A 
anastomosis were demonstrable. An old infarct obliterated what seemed to be another 
communication. In the history of this pregnancy it is of interest that transitory vaginal 
bleeding had occurred in the third month ofpregnancy. PoTTER (1961, Fig. 212) shows 
a minute fetus papyraceous lying in a small amnionic sac in the center of a placenta, 
near the insertion of the normal twin's umbilical cord. The appearance suggested a 
chorionic cyst and she states that all apparent cysts should be studied for their possible 
content of a degenerated fetus. In another specimen (Fig. 213) she depicts a fetus with 

Fig. 104. 6 cm fetus papyraceous (right) in monochorionic, diamnionic twin placenta; other fetus normal. The 
compressed fetus' placental tissue is still vascularized through two A- V and one A- A shunt. There ls a small 
infarct (arrow) which obliterates other anastomoses. The umbilical cord of the fetus papyraceous is Jying on a 

reetangular piece of paper. 

a similar discrepancy in size (1 cm and 15 cm) in a twin abortus and thinks that 
superfetation is a possible mechanism to account for the marked difference in develop
ment. Unfortunately, no mention is made of the membranerelationship in this case 
and the specimen is too fragmented to assess from the photograph whether two 
chorions were present. In yet another remarkable case (Fig. 206) PoTTER (1961) shows 
a term monochorionic triplet pregnancy with one fetus (separate amnion) who came 
to term, while the two other triplets, being monoamnionic, entangled their cords and 
became fetus papyracei. Their placental portion is completely infarcted and is re
presented by a small (1 /5) segment of the common large placenta. We followed the 
development of a fetus papyraceous clinically and predicted it accurately in another 
case: Severe hydramnios with dyspnea had developed at 19 weeks of gestation in this 
patient, when an abdominal film showed twins, one with a smaller head. Hydramnios 
subsided spontaneously within a week and on subsequent examination anormal fetus' 
head was engaging, the other head having not grown at all. The pregnancy ended at 
term with the delivery of anormal infant andalike-sexed fetus papyraceous (Fig. 105). 
The monochorionic placenta had two amnions, one which enveloped the fetus com
pressus and which was dry. The small portion of the placenta belonging to this fetus 
was also completely infarcted, making the demonstration of anastomoses impossible. 
Apparently, these twins had developed the unbalanced state of the transfusion syn-
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drome at midgestation and one had died, thus creating hemodynamic balance and 
allowing one twin to develop normally. It would be interesting to know which twin 
had died, the donor or the recipient. From the X-ray studies it is probable that it. 
was the smaller donor. 

Fig. 105. Pregnancy complicated by severe hydramnios at 20 weeks with spontaneous subsidence. Dlamnionic 
monochorionic twin placenta wlth the placental portion of fetus papyraceus completely infarcted. 

ScHATZ (1875) suggests in his first paper on the "third circulation" that here 
may be sought the explanation for the development of the fetus compressus and 
many subsequent papers have indicated that fetus papyracei indeed occur 
commonly, perhaps most often with monochorial twin placentas. KINDRED cites 
four of the 150 cases he reviewed as having had hydramnios. SzENDI (1938) 
describes a case with absent umbilical artery in both twins and persistence of 
circulation of the papyraceus' placenta from the healthy term twin, as in our 
Figure 104. NoLTE describes the syndromein one of triplets and Roos, RoTER 
& MoLINA have a triamnionic dichorionic male triplet pregnancy with one fetus 
having absent external ears, one microcephaly and one was a fetus compressus, 
the latter two sharing one chorion. These authors also review the literature and 
find a case in quadruplets. Since KINDRED's comprehensive review of 150 cases 
published until 1944, many other cases have been described (PosNER & KLEIN 
[lit,]; BRODY; MULLIKEN; a questionable, weil preserved dichorial case by 
FoRMAN, and others.) BENELLI observed a fetus compressus in what he considers 
to be a trizygotic triplet pregnancy with infarction of the placenta and concludes 
that the cause of fetal death in such cases is most likely to be found in utero
placental vascular (decidual) accidents. A remarkable case has been presented 
with a color photograph by BERGMAN, LUNDIN and MALMSTROM. In the mem
branes of this term pregnancy, a 2 X 1 cm structure was found, resembling an 
embryo in the picture because of what looks like an eye but which most certainly 
is not. A portion of cartilage, identified histologically, is the most persuasive 
argument to accept the case as a fetus papyraceous. However, its diminutive 
size and structure are unique and not unequivocal. 
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The distribution of dichorial vs. monochorial placentation in these compressed 
fetuses is difficult to assess since many authors do not give complete data or 
histologic study was impossible. There is no doubt, however, that dichorial 
placentation has been observed. KINDRED finds that 93 (66%) of 141 cases with 
adequate information are dichorial. Figure 106 shows a case from our files in 
which the dichorial nature of the dividing membranes could be shown histologic
ally and in which two entirely separate masses of placental tissue existed. There 
is no reason to believe that such should not occur, particularly since bleeding is a 
frequent historiaal event in the case histories. JAVERT shows two such cases in his 
treatise on abortions, ScHWALBE (p. 131) quotes Schuster as finding 7 dichorial 

Fig. 106. A 10 cm CR fetus papyraceous with dichorionic twin placenta ; completely infarcted placenta left top. 

cases among his 12 papyracei and goes on tostatethat fetal death in allfalls into 
the period of between the third and sixth month of gestation, a notion reiterated 
by PosNER & KLEIN. The earlier deaths are apparently resorbed and later ones 
fail to become mummified in time. The specimen in Figure 107 is at the borderline, 
being only partially dehydrated and compressed. This aspect and criteria for the 
diagnosis have been discussed extensively in KINDRED's review who, incidentally, 
refers to 3 monoamnionic cases. MILLS who is critical of some of the concepts 
suggested by KINDRED, finds in one year's practice eight cases of twins with one 
dead and makes a point of separating fetal mummification from compression, 
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which he discusses in great detail. Three of his cases were monochorial. A benefi
cial infiuence on the existing hydramnios, and once on toxemia coincided with 
the fetal death of one twin. The presence of a fetus compressus had no infiuence 
on the time of onset of labor. In 3 of the 5 cases described by SoMA, the cord had a 
velamentous insertion; only one was dichorial with completely infarcted placenta. 
BRODY described four cases in which the monochorial dead fetus had a velamen
tous or marginal cord. EsPOSITO had monochorial triplets with two fetus papyracei 
and extensive villous changes in the placental portions of the dead members. 

Fig. 107. A fetus compressus, 18 cm CR Iength, with relatively late fetal death in diamnionic monochorionic 
pregnancy. Chorionic vessels of survivor are normal, those of fetus compressus are thrombosed and placenta is 

undergoing a trophy. 

It is likely then that the fetus papyraceous occurs as the result of a variety of 
lethal circumstances affecting one of twins in the middle portion of pregnancy, 
the transfusion syndrome being one; hemolytic disease, decidual vascular disease, 
cord problems, largely speculative anomalies, being among the other possible 
causes. While it is of course regrettable that such fetuses do not enter our statistics 
on the incidence of twins, their inclusion would modify the figures only slightly 
and certainly not correct them to the actual incidence of twinning at the time 
of implantation or shortly thereafter. 

6. The Acardiac Twin Pregnancy 
Axiomatic in the development of the acardiac monster is the fact that it is a twin 

pregnancy, development of the abnormal twin to be allowed only through the vascular 
support of the normal partner. Several theories have been advanced to explain the 
genesis of this anomaly. These are ably reviewed and compentently discussed by 
SCHWALBE who considers this malformation as "chorioangiopagus parasiticus". The 
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two principal opposing views (primary malformation VB. secondary transformation of 
a normal twin) have still not been reconciled. With the exacting techniques employed 
by ScHATZ, this author has made the last major contribut.on to the subject. ScHATZ 
subdivided this group into those without any heart, those with remnants of hearts, 
acephali, acormi and the group resembling inverted cystic teratomas, the amorphi 
(Fig. 113). The spectrum of anomalies is infinite and reminds one of a continuum 
rather than of distinct separate classes. However, the detailed discussion of these 
morphologic aspects is considered beyond the scope of this contribution (see BoRONOW 
& WEST). The reader is referred also to the considerations of ScHATZ, the thorough 
review by SCHWALBE and the simultaneaus review in English by DAS. Since then, 
no major review has collected the numerous cases described subsequently until 
NAI>OLITANI & ScHREIBER added two cases. They find a total of 151 reported cases 
but have overlooked some references that have come to our attention. (PANSE & 
GIERLICH; ÜTTOW; SCIPIADES & BuRG; SARMA; BENIRSCHKE 1959 lit.; others can 
undoubtedly be found, some are quoted subsequently.) 

In this chapter, we will comment primarily on the recent concepts regarding 
the etiology as they pertain to placental pathophysiology. The fact that acardiac 
fetuses have been described almost exclusively in man probably not only reflects 
the fact that more detailed knowledge exists about abnormal human development 
than that occurring spontaneously in other species, but also his peculiarity of 
intertwin placental vascular relationships. ScHATZ was well aware of this and 
used it to support bis concept when he collected data on 52 acardiac fetuses in 
mammals. Only two came from carnivores, all others from ruminants. This has 
been attested to more recently in ScHMINCKE's report on acardiacs (cattle ll; 
goat 2; pig 1; sheep 1). While this author identifies the sex in six of bis fifteen 
cases, it is unfortunate that no data are given of the sex of the co-twins or the 
anatomy of the placentas. 

Amongst animals, the ruminants have the best studied placental vascular anasto
moses, not only between monozygous but also dizygous twins (v.i.). In only few other 
species is monovular twinning a frequent event (in cattle it is approximately 5% of all 
twins; HANCOCK); generally its frequency is unknown and placental vascular rela
tionship is even more obscure. Anastomoses are very rare between the dizygous twins 
ofmost other species; the marmoset monkey is the exception. In this family, however, 
too few pregnancies have been studied to know whether acardii occur. Contrary to 
ScHWALBE's statement, this anomaly apparently does occur in mares (ROBERTS) and 
is then represented by a mass of cartilage, covered by mucous membrane. 

In the human cases reported, the anomaly has always occurred in one of, what 
are adjudged to be, single-ovum twins with monochorial placenta. Occasionally 
it has been seen in one of triplets (Fig. 109) or even quintuplets (Fig. 132, HAMB
LEN et al.), at least one then being monochorial with the acardius. Commonly, the 
acardius occupies a separate amnion but the amorphus is often monoamnionic 
with the normal twin. A possible acardius presented as a large teratoma-like mass 
in the mid-portion of the umbilical cord in KREYBERG's case. An umbilical cord 
is typically present in acardiacs and in most, but not all cases, it contains but one 
artery and one vein. Occasionally, it cannot be identi:fied, as in the case of BoRO
NOW & WEsT either because it is so short as to tear during delivery or because of 
maceration. ScHWALBE mentions the occasional persistence of an omphalo
mesenteric artery. The presence of an umbilical cord has been used as an argument 
fa voring the late development of this monster from a normal twin (see ScHWALBE). 
This cord is usually very short and its vessels communicate directly with those of 
the normal twin. There are always at least 2 major communications, one A-A 
and one V-V anastomosis; additional and variable common villous districts may 
be found. It is certain that in these large anastomoses the blood flows through 
the acardiac fetus in reversed order but it is still unknown whether this is also the 
cause of the anomaly and if so, why in other placentas with such vascular con-
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stellation, an acardius fails to develop. ScHATZ postulates that a variety of 
circumstances is instrumental to effect reversal of flow, a major one being venous 
obstruction, either in the placenta or by an omphalocele. Clearly, such events 
would have to take place early in embryonie development and may not be reflect
ed in such omphaloceles as shown in Figure 108. These could easily be secondary, 
as are many other structural anomalies, some of which ScHATZ explains by 
equally speculative intrafetal vascular events. Results of this reversal of flow 
most certainly are the frequent edema of these malformed twins as well as the 
cardiac hypertrophy found in a few reported autopsied "donor" twins (KETCHUM 

& MoTYLOFF). 

Fig. 108. Abortus at 14 weeks. Typlcal acephallc acardlac fetus left with !arge omphalocele. Acardius : 4 cm CR 
female; normal: 7 cm CR female. Diamnionic monochorionic twin placenta with single yolk sac and several 

!arge anastomoses. 

One such case is shown in one of triplets in Figure 109 in which fetus II may have 
been the donor. 
Oase: Triplet abortion formalin fixed in 1931, dissected 1963. 
Fetus I : normal male, 200 g, 14 cm CR, 1.6 cm foot, 2 umbilical arteries. Heart 

1.63 g, kidneys 1.81 g, adrenals 0.66 g. 
Fetus II: normal male, 185 g, 14 cm CR, 1.3 cm foot, 2 umbilical arteries. Heart 

1. 76 g, kidneys 1.2 g, adrenals 0.52. 
Fetus III: Acardiacus without arms, malformed feet, 115 g, 9 cm CR. Cleft palate, 

skull with degenerating brain, no heart, spieen or liver. Thin diaphragm; 
lung; gut with right colon and atresia ani; big intra-abdominal testes. 
Kidneys 0.99 g, adrenals 0.37 g, absent right umbilical artery. 
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This is one of the best formed acardiac monsters, the partial situs inversus 
reaffirming the notion of single ovum derivation. Because of the monochorial 
relationship of such twins, the monozygous nature has never been seriously 
challenged, despite this most remarkable departure from the concept of "identical" 
twins. To test this thesis further, three recent studies can be cited which support 
the isosexual nature even of those acardiac monsters which lack gonadal or 
external genital characters. In five cases of amorphaus acardiacs, the sex chro
matin (Barr body) was found to 
be identical with that of the asso
ciated normal twin (BENIRSCHKE, 
1959). In another acardiac fetus 
who weighed much in excess of 
the normal partner, skin tissue 
cultures were used for chromo
some preparations. The normal 
twin was male and the karyotypes 
from the monster were normal 
male (RICHART & BENIRSCHKE) . 
A similar case is reported by T. 
FuJIKURA & WELLINGS: This 
small appendage to a placenta 
was attached by a minature cord 
and had the appearance of a 
"dermoid", to which such struc
tures have been likened (SCIPIA
DES & BuRG disagree with this 
interpretation). It lacked one um
bilical artery, as does the other 
twin and 46 (XY) chromosomes 
were identified (Fig. llO). The 
othertwinhadright amelia (arm), 
phocomelia (leg), a malformed 
kidney and hydrocephaly. 

2 3 

Fig. 109. Monozygous triplet abortion with acardiac fetus as 
described in text. 

These cases, as those in which gonads have been found, support the single
ovum derivation of acardii by their universally identical sex. They support also 
the notion that vascular events are the cause of the anomaly. It would be most 
challenging now to study the cases in cattle in greater detail. In this species, 
chorionic fusion with vascular anastomosis occurs presumably later in embryonie 
life than can be expected to occur in man. Does the acardius also arise only from 
a monozygous twin pregnancy or could it form from a fused dizygous placentation? 
This point is of considerable theoretic importance since its solution would help 
answer the question of morphogenesis of the acardiac. If dizygous twinning of such 
a cattle pregnancy could be proven, and the case of FINCHER & WILLIAMS with 
a bovine acardiac in the presence of two corpora lueta suggests this, then the 
writer finds little escape from accepting CLAUDIUS' view (see SCHWALBE) of pri
mary normality of the twins. 

The study of the endocrirre status of these monsters reflects the common 
placental circulation and it supports the view that the adrenal fetal zones are 
maintained by a circulating trophic stimulus which is as yet unidentified. It will 
be recalled that, in anencephalics, this zone has atrophied in later pregnancy, 
thus causing the adrenals of anencephalics tobe minnte organs at term (BENIRSCH
KE, 1956). The existence of anastomoses through the placenta apparently suffices 
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to maintain the integrity of these glands as weil as of the interstitial cells of testes 
when present, not only in acardiac monsters (e.g. SIMONDS & GowEN; RICHART & 
BENIRSCHKE) (see also case of triplets presented above), but also in anencephalics 
(GREBE). The latter author was able to demonstrate the existence oflarge placental 
anastomoses in monochorial twins even after formalin fixation. One was an an
encephalic fetus who possessed large, normal adrenal glands. 

Fig. 110. Minute acardiac (holoacardius amorphus) next to umbilical cord ofmore normal twin. Wrinkled epidermis 
and few hairs on surface of acardius (Courtesy Dr. T. Fujikura). 

Fig. 111. Placenta of acardius in Figure 112 with marked amnion nodosum. Entire acardiac's sac of this diamnionic 
monochorionic placenta is stndded with smali gray noduies which extend onto the short cord (lying over paper 
square to ieft of ruier). The shiny amnion of normal twin is at extreme left. Large anastomoses exist but are not 

shown in this photograph. 

When, as is most often the case, an acardius develops in a separate amnionic sac, 
the amnion shows marked amnion nodosum from the deficiency of fluid, which is 
usually associated with renal agenesis when it occurs in single pregnancies (Figs. 111, 
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32). On very rare occasions, it has been reported that a functional kidney is present 
in acardiacs, in others the lower urinary tract is undeveloped. If kidneys are present 
and the urinary tract patent, then a large amount of fluid may even accompany the 
acardiac monster (KAUFMAN & WALTERS). The Iack of fluid in the usually congested 
edematous monster's cavity (viz. amnion nodosum), except in the presence of a func
tional urinary tract, is much in favor of urine contribution to hydramnios in the trans
fusion syndrome. - The cardiovascular system may show some unique features, e.g. 
atheromas and calcification (LITTEN), anastomoses in the placenta with two normal 
fetuses in triplets (Ross) and SCHATZ (1898) even describes an acardiac with a separated 
placenta joined by large anastomotic vessels. HYRTL depicts a similar specimen. 

Fig. 112. Acardius of Figure 111. Weight 920 g, 20 cm, sympus, 10 cm cord, oue artery, malrotated bowel with 
Meckel's diverticulum, brain, skull, ribs, vertebrae, testes, normal adrenals, lung, trachea, Iarynx, tongue, oral 

cavity, Internat and external ears; normal1,000 g cotwin (Courtesy Dr. A. Weller). 

The frequency of acardii is difficult to assess and has been estimated at l in 
34,600 deliveries (l% of monozygous twins) by GILLIM & HENDRICKS. Tsucm
YAMA & KusHIZAKI find 2 cases among 3,500 consecutive autopsies offetuses and 
newborns. The acardius acephalus being the most common (some have suggested 
because of the proximity of the lower portion of the body to the entering blood), 
the amorphi the rarest and the true acormi being quite doubtful. 

Claudius (see SCHWALBE} has been credited by all authors to have established 
the concept of circulatory reversal. He assumed equal twins with early arrest of 
cardiac development in one. ScHATZ considers primary defects a possibility but 
favors circulatory darnage (venous obstruction) as the primary cause of cardiac 
maldevelopment. MARCHAND's and DARESTE's views of a primary defect are 
defended by SCHWALBE who weighs the evidence with great authority. In the 
more recent literature, one gains the impression that CLAUDIUS' original view, 
with ScHATz's modification, has become the more favored hypothesis (see PRICE}. 
LoESCHKE described 12 cases, presents an extensive review of the etiologic con
siderations of the past and advances the notion that acardiacs develop on the 
decidua reflexa and are damaged because of hypoxia. We believe that ScHATZ's 

Handbuch der pathologischen Anatomie VII/5 15 
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own defense of secondary damage, by pointing to the embryologic significance of 
the existence of an umbilical cord, weighs heavily in his favor. Similarly, the 
finding of well-developed peripheral nerves in the absence of a normal central 
nervous system support degenerative events rather than primary defects. 

The exact timing of the twinning event in such cases needs to be studied in greater 
detail. Perhaps the frequent finding of only one yolk sac in acardiac specimens is of 
significance and may be correlated with AREY's specimen of very early human mono
chorial twins having only one yolk sac. SCHWALBE expressed his views on the analogies 
to omphalopagi in fish, one of which is often much smaller and malformed. Similarly, 
POTTER holds irregular splitting of the embryonie disk responsible for the anomaly. 
From comparative studies with modern tools it is to be expected that the formal 
morphogenesis of this striking anomaly will soon be understood. 

Flg. 113. Typlcal holoacardlus amorphus (40 g) a ttached at rlght of monoamnlonic monochorionic twin placenta 
by a very short cord with severallarge anastomoses to normal twin (2,910 g). Chorionic cyst above Insertion of 

normal cord (Courtesy Dr. N. J. Eastman). 

Finally, it should be quoted that no repeat pregnancies with acardiac monsters 
have been reported (NAPOLITANI & ScHREmER). The spurious relationship of familial 
twinning to the occurrence of an acardius (DAH~r; KöHN) has been discussed pre
viously (BENIRSCHKE, 1959). This correlation is not common and, in our opinion, one 
of chance. SIMONDS, in his review of 45 cases, to which he adds 16 cases in animals, 
also finds usually no family history of twinning. 

7. The Diamnionic Dichorionic Twin Placenta. 

In a way, this is the simplest type of twin placentation. One may subdivide 
it conveniently into 1) those placentas in which the actual placental tissue is fused 
and which, therefore, require careful examination of the dividing membranes and, 
2) those which have two separate placental masses andin which the membranes 
adhere more or less firmly one to another, but which may be separated with ease. 
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In our series of 250 consecutive twin placentations (BENIRSCHKE 1961 A), there 
were 173 dichorial sets, of which 85 were fused placentas (34% of total twins) and 
88 were separate (35.2% of total twins). In an analysis of a larger series of twins 
in whom the placentation is recorded, POTTER (1963) finds the following figures: 
of 548 twin sets 117 (20.8%) were monochorial, 192 (35.2%) had a fused dichorial 
placenta, while 239 (43.6%) had a separated dichorionic twin placenta. The greater 
number of dichorial placentas in her figures is almost certainly due to the greater 
frequency of fraternal twinning in the population studied. 

It is apparent then that about half of the dichorial twins have separate pla
centas and, with the exception of the problern of intrauterine crowding and other 
hazards attending to and benefits shared by twins in utero, their placentation is 
such that the twins do not influence one another through problems of common 
placentation. It has been pointed out already and will be discussed further later 
that some dichorial twins are derived from a single ovum, the "true twins". 
The figures provided by POTTER indicate that half of these dichorial monozygous 
twins have fused placentas, and half possess separate placentas. Apparently, upon 
implantation, these two blastocysts which have previously formed by the splitting 
of one zygote no Ionger adhere one to another and only chance determines whether 
they implant next to one another or at distaut sites. In this respect then they do 
not differ appreciably from the blastocysts of fraternal twins. 

It is important to appreciate that despite the apparent presence of two separate 

Flg. 114. Dlchorionic fused placenta , fetus left living, Rh-negative; fetus on right Rh-positive, m acerated still· 
born; placenta lnfarcted, edematous cord. At right lower corner is one ovary with 2 corpora lutea . All criteria for 

a dizygous twin pregnancy are fulfllled. Note sharp line of division between 2 placentas. 

placental masses, a careful analysis of the dividing membranes must still be under
taken. Otherwise, monochorial placentas with narrow bridges of fusion (Fig. 91), 
or those rare and apparently completely separate but vascularly joined specimens 
as discussed by ScHATZ in the placentation of acardiac twins, may be mistaken 
to be dichorionic only because of the apparent isolation of their placental disks. 

The pathological features of a dichorionic twin placenta are largely those 
affecting the placenta of single pregnancies. Thus, hemolytic disease in fraternal 

15° 
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dichorial twins may affect only one fetus with the respective placental changes 
present in only one placenta. The same applies to events leading to intrauterine 
death, in which case one may find one placenta completely infarcted as seen in 
Figure 106 or, in the event of fused placentas, a clear separation of pale infarcted 

Fig. 115. Fraternal twin placenta at term. Gravlda 5, age 34, "hydramnios" at 36 weeks. Infants: M 1) Female, 
living and weil, 2,585 g, Placenta (right) with massive molar transformatlon, 1,400 g plus 2,200 g "grapes" deliver

ed after main mass. M 2) Male, living and weil, 1,642 g. Placenta (left) normal, 420 g, circummarginatlon. 

Flg. 116. Same as previous, matemal surface 

tissue may dissociate this halffrom the normal twin's placenta (Fig. ll4). In other 
cases, one placenta may be transformed into a hydatidiform mole or, if the patho
logic event occurs at later stages of gestation, the affected placenta may take the 



7. The Diamnionic Dichorionic Twin Placenta 229 

appearance of a transitional mole or partial mole as discussed by HERTIG & MAN
BELL (p. 8). In Figure 115 the placentas of two term twins are shown, one con
sisting largely of molar vesicles. A very similar case has been shown by REWELL 
in his Fig. 128. In his case, however, the small twin was associated with the mole 
and did not survive. The occurrence of a hydatidiform mole in twin placentation 
has been considered in the exhaustive monograph on the subject of moles and 
choriocarcinoma by R. MEYER (p. 674). This author cautions against the possible 
confusion that may arise when a mole is found tagether with a fetus and he dis
cusses the state of partial transformation of a placenta into a hydatidiform mass. 
Since the tissue in such cases is often very fragmented, the differential diagnosis 
of twin pregnancy as against partial molar degeneration with fetus in a singleton 
pregnancy, may present difficulties. However, well documented instances oftwins 
have been recorded by MEYER, and LOGAN adds another instance recently. This 
author also collects the literature to 1957 but underestimates their frequency by 
assuming that less than 12 cases have been documented. MEYER cites HERRGOTT 
(1909) who at that time already collected 30 cases. Such pathologic events have 
been described in the presence of triplets and also with living twins (Fig. 115). 
In most instances it leads to abortion because of overdistension of the uterus or, 
as in LOGAN's case, because ofhydramnios. It is probable that mostsuch pregnan
cies are dizygous, although no proof for this assumption has been provided nor 
has it been tested to our knowledge in moles without fetus. In some rare cases 
in which fetuses are associated, as in our case, blood group studies, sex chromatin 
and chromosome determination should be undertaken in the future to assess 
whether one of monozygous twins can be affected by this abnormal development 
of the placenta. Such a study was carried out by CHAMBERL.AIN. A 12.5 cm CR 
male fetus was accompanied by a sex chromatin negative placenta and a sex 
chromatinpositive hydatidiform mole. From this finding the author deduces di
zygous twinning and pointsout that most typical hydatidiform moles have been 
chromatin positive, for an as yet unknown reason. In our case, the sexes identify 
the fraternal nature of the twins. ' 

As in other cases of dichorial twin pregnancies, the delivery of the normal fetus 
and the mole may occur after a delay of many days. Excessive delays in delivery of 
twins, and of twin and mole, are probably more frequent in women having abnormal 
uteri (GREEN, ScHANCK & SMITH, lit.) or ifintrauterine and ectopic pregnancy co-exist 
(GooDNO & GENTRY; and others). Our files contain the records of a case where normal 
full term delivery was followed 6 days later by the surgical removal of a typical, 
hydatidiform mole, measuring 11 x 11 cm in diameters. POTTER (1961, Fig. 214) shows 
a twin pregnancy, one normal (650 g placenta), the other a mole. There were two 
amnions but two chorionic sacs could never be identified. The specimen looks intimately 
fused, both grossly and microscopically, and may well have been monochorial. ScHEBAT, 
GALLEY & SeHEBAT report a. prematurely terminated pregnancy with one normal 
conceptus and one macerated fetus associated with a molar degeneration of the pla
centa. The placenta is a dichorial :;;eparated organ and, probably for that reason, they 
con:;;ider the pregnancy dizygous. They refer to a few additional cases in the French 
literature. 

Some pathologic events are peculiar to twin placentation and may affect dichorial 
twins in like rnanner as those with monochorionic placentas. For instance, in twins 
there is an increased frequency of the absence of one umbilical artery and of marginal 
and velarnentous insertion of the cord, and these are as common in roonochorial as in 
dichorial placentas. "\Vhile these features will be discussed in greater detaillater, it is 
pertinent here to rnention that membranaus vessels may not only be found coursing 
over t.he lateral chorion laeve butthat they may distribute over the dividing membranes 
as well and represent a hazarrl to the second fetus if they are ruptured during delivery 
(Fig. 117). 

Previously we have described that the chorions of dichorionic twin placentas 
may have an unusual relationship one to another (Fig. 77). Another example of a 
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separated dichorionic twin placenta with unusual fusion is shown in Figures 118 
and 119. Unfortunately, the membranes are often torn during delivery and thus 
accurate analysis is not always possible in such cases. However, it appears that 
"irregular chorionic fusion" is quite common and its morphogenesis has to be 
explained. The placenta shown in Figure 118 shows partial circummargination of 
its lower segment. It is covered here by decidua from its own margin, by decidua 
from the twin's chorion laeve as weilasthat twin's chorionic membrane (Fig.119). 

Fig. 117. Diamnionic dichorionic fused twin placenta with marginal Insertion of left umbilical cord and velamen· 
tous veins seen coursing over dividing membranes. 

The villi which lie under this marginal area arise all from the chorion which is seen 
above the insertion of the dividing membranes. None come from the fetal sac 
which overlaps at the bottom. Thus, despite the close approximation of two 
chorions, there is no intermingling of villi or of the fetal circulations. The Iack of 
correspondence of the vascular equator with the origin of the dividing membranes 
(2 amnions) in the monochorionic placenta is easily explained. In this case, the 
membranes (amnion) are easily movable over the chorion and they arenot vascu
larized. In the "irregular chorionic fusion", however, which is discussed here, the 
mechanism of development must be more complex. It involves vascularized di
chorial placentas and we envision it to proceed along the lines which have to be 
postulated for the development of the extrachorial placentas in single pregnancies 
(Chapter II). Indeed, the frequency of irregular chorionic fusion has been used as 
an argument that secondary phenomena (e.g . pressure) produce extrachorial pla
centas in general (BENIRSCHKE, 1965). ScOTT who studied 3,161 placentas, bad 
67 cases of twins; 49 of these were dichorial ("binovular"). Of these twins, 15 (all 
"binovular") bad an extrachorial placentation, which is a much higher incidence 
than found in singletons. 

We envisage that one fetal sac expands, possibly by greater pressure or because 
of the positioning of the fetus, over the surface of the other twin's placenta. It thus 
pushes the chorionic sac, dissociating the chorion from its villi. The fetal vessels, 
however, remain in situ, as ScoTT was able to show for the circumvallate placenta. 
The process is represented for twins in diagrammatic form in Figure 120 and 
further discussed in the chapter on pl. extrachorialis. It can also be visualized in 
Figure 115, the twin pregnancy with hydatidiform mole of one placenta. 
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These intimate relationships of dichorial placentas with "irregular chorionic 
fusion" are of potential interest as they may be one way through which dichorial 

Fig. 118. Diamnionic dlchorionic separated twin placenta with "irregular fusion" of dlvlding membranes at lower 
portion. Dlvidlng membranes lie across area of fusion. Villi of lower portion all come from chorlon above Une of 

fusion . Lines indicate section shown in Figure 119. 

Flg. 119. Microscopic appearance of lower margin of placenta in Flgure 118. Amnion A', A"; chorion C', C", 
decldna D', D". Placental villous tissue below isthat of A'. Note that chorion of this placenta extends only for 
short distance nnder irregular fusion. Higher magnification of membranes (right) is from area just left of margln 

of low power photograph (H & E x 15, x 60). 

twins possibly acquire vascular connections. It will be recalled that almost all 
monochorionic twin placentas can be shown to have vascular communications 
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between the two twins although it must be re-emphasized that, contrary to fre
quent statements in the literature, not all possess such communicating channels. 
In Figure 91 a monochorionic placenta is shown in which careful inspection and 
injection ruled out the presence of communications. It is possible that such vessels 
once existed but that subsequent atrophy of marginal areas led to their occlusion 
and to the narrowing of the joining bridge of placental tissue. Do dichorionic 
twin placentas ever have a common fetal circulation, accomplished through one 
type of anastomosis or another 1 It is here that analogies with studies of placentas 
in other species do not hold. In cattle and marmosets, vascular fusion between 
fraternal twins occurs regularly in the placenta. On the other band, despite the 
monozygous nature of the quadruplets in the nine-banded armadillo, no cross
circulation is found in their placenta (NEWMAN 1917 p. 67; ANDERSON & ßENIRSCH

KE, 1963). The practical and theoretical importance of this aspect of twin placenta
tion warraut a critical review of the literature. There are two distinct but related 
questions: 1) Do fraternal twins in man ever have a monochorial placental rela
tionship, and 2) can anastomoses be identified in dichorial human twin placentas 1 
The first question will be discussed in the chapter on zygosity (v.i .) and the 
Iiterature concerning the second question will now be reviewed. 

~~ 
~~~ 

Fig. 120. Diagram of presumed mechanlsm of process of "irregular chorionlc fusion" (1. F.) in dichorionic twin 
placenta (See text). 

PRICE finds six investigators who claim to have fOtmd occasional dichorionic pla
centas with anastomoses (KADJAR; SciPIADES & BURG; LASSEN; TüSCHER; SzENDI 
(1936, 1938 B) and P:EREZ, FIRPO & BALDI) but pointsout that these authors represent 
the minority of observers who examined the question and that hence the frequency 
must be low. KADJAR, who finds the stereoscopic radiologic study of Pb30 4 injected 
twin placenta8 indispensible, describes 3 cases of anastomoses in 27 "bivitelline" cases. 
In these cases (~ 5, 10, 22) he describes dichorial dividing membranes and anastomoses 
as follows : ~ 5: "One vascular anastomosis between the two placental masses; ~ 10: 
One A-A and one V- V anastomosis; ~ 22: One superficial V-V, three deep A-V ana
stomoses. Unfortunately, no pictures of these cases accompany his report. He also 
cites a thesis by Bequin (1912) with similar findings. SciPIADES & BURG studied 
2 cases: one was a heterosexual, dichorial pair in which, upon injection from the cord, 
a portion of the opposite placenta was injected; when then the other placenta was 
injected, fluid es<>aped from the former cord. This could have been an instance of ir
regular fusion with pressure driving fluid back into the first upon injecting the second 
placenta. The authors could not preserve this specimen. The second pair of hetero-
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sexual twins had typical "irregular fusion" of the dividing membranes, the female's 
chorion overlying that of the male's placenta. In three areas, an arterial branch passed 
from the former to the latter. The venous systemwas not filled; the corroded placental 
cast is shown in their Fig. 23 (p. 606) and by X-ray and corrosion of the injected 
specimens, the authors believe to have proven anastomoses. In our opinion, the photo
graph does not allow critical evaluation. SzENDI (1938 B) describes four of twenty 
injected dichorial twin placentas to possess shared cotyledons, an equally astanishing 
frequency in light of more recent studies. Of these, two pairs are heterosexual, one is a 
trichorial triplet, the other isosexuaL His results are based on injection which is followed 
by stereoscopic X-ray study. His earlier paper (1936), quoted by PRIOE, was unavailable 
to us. SZENDI admits that the analysis of stereoscopic radiographs is difficult but he 
believes that his four cases have unquestionably fine villous anastomoses. His three 
pictures are not convincing. LASSEN follows up cases reported by CURTIUS and injected 
by KIFFNER's method. Of 56 pairs, 9 are monochorial and monozygous~ 27 are dichorial 
fused and 20 are dichorial separate. In this group there were 5 dichorial monozygous 
pairs, identified by likeness sturlies after the age of 4 months. She believes that in one 
monozygous dichorial pair there were anastomoses but she is not certain even by 
stereo-x-ray study. The two pictures of a possible common cotyledon are also not 
convincing. TüscHEn describes two girl twins with dichorial fused placenta, velamen
tous and marginal cords and in which air injection of one umbilical vein filled also the 
veins of the other placental half, to escape from the other cord eventually. Anthro
pological study at age 8 months suggested monozygosity. Although no photographs 
accompany this report, the det.ailed description indicates the presence of at least one 
V-V anastomosis in these dichorionic twins. PEREZ, FIRPO & BALDI show seven pic
tures of injected dichorial twin placentas and allude to many others in which their 
t.echnique has disclosed common villous districts. We believe that this technique is 
unable to different.iate between juxt,aposition of circulat.ions (or superpositioning) in 
interdigitating villi and true anastomoses, particularly, since these authors inject 
simultaneously the veins of both twins and then interpret the radiographic pictures. 
As SCIPIADES & BURG have pointed out, at least stereoscopic phot.os (KADJAR, KIFF
NE&) are necessary, ideally corrosion preparations and the visual verification of colored 
injection fluid to escape from the opposite cord. WENNER (1947, 1956) made the next 
contribution known to us and states that x-ray study is altogether too confusing. 
He prefers water washing of one placental vascular bed, taking up very old methods, 
employing colored water, milk, wine, etc. If one placental half becomes pale and the 
other remains dark, no anastomoses are present. He then follows with an injection of 
celloidin or plastic and a corrosion technique and notes that toward the end of gestation 
there is less complete filling. No ~tnastomoses were found by WENNER in dichorial 
placentas in a study spanning over many years. For future sturlies along these lines, 
the beautiful injection results obtained by PANIGEL on single placentas will be models 
in technique. In our own sturlies of more than 100 fused dichorial twin placentas we 
have not been able to identify any type of anastomosis by the described technique. 
The dichorionic twin placenta in Figure 121 was intimately fused and associated with 
unlike-sexed twins. That on the left lacked one artery and a watery solution of India 
ink was perfused via an umbilical artery from the right until the entire right placenta 
was deep black. The placenta was then fixed in formalin and numerous sections cut 
through the area of intimate fusion. Despite diffuse intermingling of stained and un
stained villi (Fig. 122), no India ink was recovered from the left placental vessels and 
there was no serologic chimerism. 

On the positive side, there are now reports of six cases of dizygous twins in 
man in whom the presence of placental anastomoses must be inferred. This in
ference seems justified because of the persistence of a population of the twin's 
blood cells in the circulation ofthe partner. This is analogous to the well-known 
cattle chimeras and can be explained by the acceptance, through the aegis of 
acquired tolerance (v.i.), of circulating marrow cells. The proportion of cell ad
mixture in these blood chimeras, as determined by red cell agglutination, is variable 
and not understood, for in no case has the placenta been examined. The following 
table gives the percentage of admixture and other pertinent features (Table III). 

Two ofthese authors have examined a !arger group of dizygous twins (140 and 
77 sets, but these figures may partially duplicate one another) and find no ad
ditional chimeras and PoTTER (1963) who blood-grouped over 500 sets of twins, 
finds apparently no chimeras although she does not state tbis explicitly. We can 
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assume then that this phenomenon of vascular fusion is rare in man, despite the 
apparently close proximity and seeming intermingling of many dichorial twin 
placentas. In view of these immunologic studies which detect small admixtures 

Fig. 121. Diamnionic, dlchorlonlc, lntlmately fused twln placenta of heterosexnal twins. Absence of one artery on 
left. India ink perfuslon from rlght umblllcal artery in progress. 

Fig. 122. Beetion of formalin~ ftxed Indla lnk perfused placenta from Flgnre 121. At right, villous vessels ftlled 
with India lnk, nonein left placenta. Note lntermlngling of villl, absence of a septum between heterosexual villous 

distrlcts. Approxlmate area of fusion indicated by arrows (Fast green, x 40). 

(1% in one case) we remain sceptical of the reports cited above of relatively fre
quent anastomoses in dichorial twins which are based on relatively crude injection 
studies. Particularly questionable is the frequency of detection of such shunts in 
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a small number of cases injected while serologic studies have detected only very 
rare instances. 

Dr. A. H. CAMERON of Birmingham, England has provided the first specimen 
which we consider conclusive anatomic evidence for the basis of human blood 
chimerism in dichorionic twins. The specimen is shown in Figure 123. Upon 
injection of this fused dichorial organ (supported by histology) a thin artery-to
artery as weH as vein-to-vein anastomosis was found between the two fetal 
circulations. While these twins were both male and had common blood groups 
and may thus be monozygous, this is a definitive case of blood exchange among 
dichorial twins and extremely uncommon in man. 

Fig. 123. Dlchorial fused twin placenta with dellcate artery-to-artery and even smaller v eln-to-veln anastomosis. 
The colored bariumwas injected from the right placenta only (artery-yellow. vein-blue). It filled the left placen

tal b ed. This is a m ost exceptional circumstance. (Courtesy Dr. A. H. Cameron). 

A puzzling aspect of the reported human blood chimeras is the variable ad
mixture of cells. In the fourth case of the table, only a one-way A-V anastomosis 
is capable of explaining the Iack of chimerism in the boy, although the birth 
weights of the twins ( G 3,400 g; B 3,200 g) hardly portray the tranfusion syndrome 
and hydramnios was absent; in the last case, no obvious mechanism seems logical. 
It must also be borne in mind that general tissue mosaicism, arising on a much 
more complex basis than by fusion of vessels has to be entertained in some of 
these cases. Fora full discussion see BEATTIE et al. Finally, it is entirely possible that 
anastomoses, responsible for the creation of chimerism in early embryonie life, could 
obliterate during the course of placental development, the full-term placenta then 
lacking communications (WENNER, 1947). For all these reasons, immediate typing 
and knowledgeable examination of the placenta and vessels is most desirable. 
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Placentation of Triplets and Higher Multiple Births. 

The occurrence of triplets and higher orders of pregnancy is not very common, 
rarity increasing with the number of fetuses. A modern statistical consideration 
of frequencies and expectation can be found by ALLEN. Many such pregnancies 
are aborted, the transformation of one to a mole, fetus papyraceous or acardius 
has already been referred to. As to the sex distribution in such pregnancies, 
NEWMAN (1940, p. 48) records of quintuplets that "as in quadruplets, there are 
far more same-sexed sets than one would expect, 16 out of 40, or 40% of all 
cases ... '', and concludes '' ... the only explanation of this odd sex distribution .. . 
that seems at all reasonable is that nearly all of the same-sexed sets are one-egg 
sets." The placental membrane relationship of such multiple births is extremely 
variable and almost all possible combinations have been placed on record. Of the 
recent Iiterature the best studied cases of triplets, quadruplets and quintuplets 
are here cited. These reports each provide a complete survey. 

During our study of 250 consecutive twins , one triplet delivery occurred. It was 
trizygous, trichorionic and not fused. The triplets were: 1) female, blood group 0, 
Rh+; 2) male, A+ ; 3) male,O+ ; weights 1,830 ; 1,720 ; 1,890 g; deliveryat32wks., 
all survived. More recently we saw trichorial triplets, all males with undetermined 
zygosity, who had an intimately fused placenta, no vascular anastomoses and a 
velamentous insertion of one cord (Fig. 124). A still more intimate relationship 
of monozygous triplets is shown in Figure 125. The monochorionic placenta has 
three nearly equal amnionic sacs, two marginal cords and many chorionic vascular 
anastomoses. 

Fig. 124. Triamnionic, trlchorlonlc triplet placenta, intimately fused. No anastomoses, velamentous cord at right. 
All males, unknown zygosity. 

WILLIAMS finds in 280 cases of twins studied, that 24% were monochorial, 
and he discusses the placentas of four triplets and of one quadruplet set. His 
triplets were ( G = Girl; B = Boy; DiDi = diamnionic, dichorionic; DiMo = diam
nionic, monochorionic) . 
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I. G (separate Di Di) BB (fused Di Di) 
2. GG (DiMo) G (separate Di Di) 
3. BB (DiMo) G (separate Di Di) 
4. GG (DiMo) G (fused Di Di) 
His GBGG .quadruplets have quadrichorial membrane relationships, three 

(GBG) are fused and, because of theseparate chorionic sacs, he assumes quadri
zygosity. RYAN & WISLOCKI present an accurate study of a set of quadruplets 
with the following relationship: BB (DiMo) BG (Di Di). The authors state that 
the whole specimen formed one large fused mass, however, a separation can be seen 

Flg. 126. Triamnionic monochorionic trlplet placenta wlth many ana
stomoses, two marginal cords. Monozygous triplets at term. 

between placentas of the 
former and latter two qua
druplets in their illustra
tion. Unusually good illu
strations accompany this 
report as weil as that by 
WILLIAMS, and these au
thors also review the per
tinent literature, pointing 
at mistakes in NEWMAN's 
deductions cited above. 
SINYKIN shows the first 
case of a near term (35 Y2 
weeks) monoamnionic tri
chorionic triplet pregnancy 
with triple survival of the 
identical female infants. We 
had occasion to study this 
specimen after formalin 
fixation (Fig.127)andfound 
numerous large anastomo
ses among all circulations. 
Therewere tears in the am
nionic surface as illustrated 
in SINYKIN's photograph, 

however, in numerous sections no evidence was found which would indicate the 
presence of amnionic dividing membranes. Moreover, only one membrane rupture 
was observed clinically and the specimen is thus judged truly monoamnionic. 
HAMILTON, BROWN & SPIERS present a case of quadruplets which is beautifully 
depicted after colored fluid had been injected into each cord. It is reproduced here 
in Figure 126 and shows tetrachorial membranes, three placentas being fused . 
These authors conclude that the infants all were of different zygosity. However, 
in blood grouping, B & D, both girls are identical and differ from A & C, who differ 
among themselves. We prefer tothinkthat B & D are single-ovum-derived and find 
the admixture of these placentas to support further our concept that it is princi
pally a matter of chance what determines the proximity (i.e. fusion) of separate 
blastocysts, whether identical or fraternal. It is of further importance to note here 
that these authors did careful injection studies and describe explicitly that, even 
after sectioning, there was no evidence of any admixture of circulations. If crowd
ing of placentas in implantation or blastocyst expansion were a factor in establish
ing anastomoses in dichorial twins, surely in quadruplets one would expect it. 
In table form these authors also present the sex and membrane relationship of 
the 16 cases of surviving quadruplets studied in the past 30 years. They note that 
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"every possible combination of ovulation had occurred except for double mono
zygous quadruplets, often stated never to occur." However, they refer to a case 
in which such has been recorded with stillborns. A case of quadruplets from our 
files with a single, intimately fused placenta, but tetra-amnionic and trichorionic 

Flg. 126. Quadruplet placenta with four chorionic sacs, three fused, one separate. Fetus B & D may be monozygous. 
No anastomoses, three marginally inserted cords. (From a colored injected specimen photograph by HAMILTON 

BROWN & SPIERS. Courtesy Dr. W. J . Hamilton). 

membranes, is shown in Figure 128. It also lacked vascular communications be
tween the twins with separate chorions. AuBERT reports an interesting case of 
quintuplet pregnancy coming to near term with what is described as a mono
chorial placenta having five amnia. However, three boys and two girls were de-
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livered. The oligomenorrheic mother had been treated with gonadotrophins prior 
to pregnancy. This led to serious complications from ovarian cyst formation. 
Pituitary gonadotrophins are now known to enhance multiple ovulation in man 
(of 8 successfully treated women: 2 quadruplets, 4 twins, 2 singletons: GEMZELL), 
as has long been known for domestic animals (GoRDON, WILLIAMS & EDWARDS, 
lit.) where they are used to produce increased litter size commercially. Therefore, 
pluriovular pregnancy certainly was the case in AuBERT's quintuplets and the 

Flg. 127. Monoamnionic monochorlonlc triplet term placenta. Anastomoses among all triplets, no entangling of 
cords, triple survival (Courtesy Dr. M. B. Sinykin). 

monochorial state cannot be accepted in the absence of supporting evidence. 
GIBBS et al. show an excellent photograph of a monochorionic quintuplet placenta 
which had numerous vascular anastomoses between all circulations (Fig. 129). 
There were five amnionic sacs, the female quintuplets were delivered prematurely 
and died from hyaline membrane disease. There was no situs inversus or mirror 
imagery. The yolk sacs arenot described. Of interest in connection with N EWMAN's 
statement quoted above is the introduction by these authors which presents a: 
"Summary of quintuplet pregnancies": 

"Nichols in 1954 in a 'Letter To The Editor' states that 17 quintuplet births have 
been reported in the United States. The largest reported number was from Kentucky 
in 1896; the infants averaged about 2,000 gm. each, and died within 2 weeks. Of the 
entire 71 sets reported in world literature, 2 sets are known to have survived to adoles
cence: the Dionnes in Canada and the Diligentis in Argentina. Three sets are believed 
to have been identical, although 20 of the 7l·sets were all of the same sex, 11 female 
and 9 male. One Texas family listed 37 children including 3 sets of triplets and one 
each of quadruplets and quintuplets." 

The monochorial quintuplets of GIBBS are certainly monozygous. It should 
not be assumed that necessarily an even nurober of monozygous multiple births 
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must be the result of the "twinning impetus". If we accept NEWMAN's concept 
which seeks to explain the Dionne quintuplets (Fig. 130), then this impetus must 
have extended over at least three cellular divisions, assuming a single embryo
blastic cell to be so affected. In GIBBS' case, the splitting must have taken place 
after the chorionbad already formed but before the amnionwas laid down. It could 
have affected a single embryoblastic cell and the daughter cells subsequently as 

Fig. 128. Quadruplet placenta, diamnionic monochorionic at left bottom, diamnionic dichorionic fused remainder. 
35 wks. gestation, 920 g. 

suggested by NEWMAN. It is clear, however, that the twinning must have pro
ceeded with great speed in order to produce quintuplets with this uniform type of 
placentation. This is not unlike the phenomenon observed in the nine-banded 
armadillo, which produces monozygous quadruplets regularly and with great pre
cision. In this species, however, splitting certainly does not take place at the 
one-cell-stage rather, it is a complicated budding process from an embryonie 
shield, resulting originally in a single amnionic sac. Only subsequently is this 
amnionic sac subdivided, very slender bands testifying to the original connections. 
Similar observations have not been made in man but such an event cannot be 
ruled out categorically and careful study of such rare specimens is therefore most 
desirable. Of further great interest is the fact that one of the quintuplets in this 
pregnancy (" 5, Fig. 129) had only one umbilical artery (NEUBECKER et al.), oc
curring in the cord with velamentous insertion. This case then is very similar to 
the prematurely terminated quintuplet pregnancy reported by HAMBLEN, BAKER 

Handbuch der pathologischen Anatomie VII/5 16 
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& DERIEUX. In this monochorial placenta with five amnions, one fetus was an 
acardiac with a short thin cord, presumably laclring one artery. All were female 
(Fig. 131). Three yolk sacs were described in this case and hydramnios was found 
at 20 weeks. Many vascular connections were noted among the fetal circulations. 
NICHOLS makes available the Iiterature on sixtuplets but we are not aware of a 
case with good placental study. 

Fig. 129. Monochorionic placenta of qulntnplets wlth flve amnionic sacs. Fetus M 5 had only one umbilical artery 
and velamentous Insertion of the cord. Many surface anastomoses; alllnfants dled from hyaline membrane disease. 
Weights: 1:700g,heart 8g; 2:550g, heart 4g; 3:675 g, heart 6 g; 4:780 g, heart 6 g; 5:800g, heart 6 g. 

Placenta 810 g, 25 cm dlameter (Courtesy GIBBS & NEUBECKER). 

The most recent and extensive summary of quintuplet pregnancies is that by 
ßERBOS et al. These authors describe the surviving quintuplets recently born in 
Aberdeen, N.D. USA, four girls and one boy. The placenta had four chorions and 
five amnions, two girls aharing one chorionic sac. Not only were these infants 
typically delivered very prematurely (31 weeks) but their placenta exhibited the 
velamentous and marginal insertions of cords so commonly seen in multiple 
pregnancy. 

GEDDA & CoMERCI present photographs, x-ray injection studies and clinical data 
on the placentas of two triplet and three dichorial dizygous twins and cite much 
Iiterature unavailable to us. Their triplets are both of the same type, BB DiMo + G 
DiDi separated. In addition, their first color photograph illustrates a dichorial possibly 
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dizygous twin placenta in which one 
has clearly the magistral, the other the 
disperse type of chorionic vasculariza
tion, thus supporting 8CIPIADES & 
BURG. These authors had already 
sho"'n that, contrary to SHORDANIA's 
view, these two types of vasculariza
tion may co-exist in twins. These pu
blished cases and occasional cases of 
our own material (Fig. 117) make it 
unlikely that the placental vascular 
development depends on matemal fac
tors (SHORDANIA). That agenetic basis 
und er lies the development of the fetal 
vascular beds has been suggested re
cently by BACSICH & CRA WFORD, who 
state that they never find the two 
types admixed in twins, even dizy
gous twins. They support SHORDANIA 
and believe that the manner of va
scular supply to the placenta is de
veloped in early fetal life. This argu
ment should be considered settled in 
favor of SCIPIADES & BuRG. 

Fig. 130. Possible embryonie cell division to explain Dionne 
quintuplets. Letters indicate the Initials of qnintuplets. 
From NEWHAN, H. H.: Multiple Human Births, p. 106. (By 

permission of Doubleday, Doran & CO.). 

Flg. 131. Monochorionic quintuplet abortion. Five amnions; at arrow one of three identified yolk sacs. At bottom 
right is acardiac monster. (Courtesy, the Iate Dr. HAMBLEN and publlshers). 

16* 
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C. Consequences of lnter-Twin Anastomoses 
The principal hazard to rnonochorial twins is the transfusion syndrome discussed 

previously. Its effects are largely restricted to the intrauterine period. After birth 
there is rapid equalization of the size in these twins who are often born, differing 
rnarkedly in developrnent and, to the best of our knowledge, no Iasting effect can 
be ascribed to the rnacrocardia or microcardia, etc. discussed previously. One 
wonders, however, if this is not an oversimplification. In those babies who die due 
to this syndrorne in the neonatal period, generally frorn hyaline rnernbrane disease 
or frorn other effects of their severe prernaturity, intracranial hernorrhage, etc., 
one finds occasionally irreversible degenerative changes. Thus, in sorne cases we 
have observed liver necrosis and calcification, adrenal necrosis and renal inter
stitial hernosiderin deposits. It is not known whether similar changes affect those 
that survive. The survivors are prone to thrornboses, kernicterus and other neo
natal problerns, discussed by rnany authors, reviewed by NAEYE and for which 
treatment has been outlined by SACKS. In rnonoarnnionic twins, darnage rnay 
follow not only when large anastomoses connect the two circulations and one fetus 
dies (see case Fig. 85), but also frorn sublethal entangling of cords (Fig. 1 32). 

Fig. 132. Monoamnionic twin pregnancy with intrauterine death of one due to extensive knotting of cord. Thc 
other twin lived for 3 months, died with cerebral and other degenerative changes. Presumably, these date from an 
anoxic period due to the intertwining of cords; Delivery at 31 weeks, no hydramnios, !arge A-A anastomosis. 

It is difficult to believe that one of these twins survived for 3 rnonths, then dying 
with extensive brain darnage as well as degenerative changes in rnany other organs. 
If this infant had lived, undoubtedly the brain darnage would have been reflected 
by sorne type of cerebral palsy. However, because rnonoarnnionic placentation is 
uncornrnon, one rnust seek the causes of cerebral palsy in twins in other rnechanisrn. 
Cerebra! palsy is more frequent in twins (ILLINGWORTH & Woons; EASTMAN, 
KoHL, MAISEL & KAVALER} and, of all cerebral palsied children, an estirnated 9% 
are twins, a majority of these being rnonozygous twins and the first born (RusSELL}. 
Wehaveseen at least two instances in which the smaller of twins with the trans-
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fusion syndrome became mentally retarded later and careful follow-up of such 
twins with knowledge of the exact placental statuswill be of interest. Many factors 
may participate in causing this damage. Kernicterus has been mentioned; in 
others it may be the prematurity with ensuing brain hemorrhage; pulmonary 
syndromes and the obstetric hazards attending the delivery of twins, which have 
occupied the major attention of obstetricians writing on twins (GuTTMACHER & 
KoHI,; LITTLE & FRIEDMAN; Tow). WALKER & TURNBULL have focused attention 
on important differences in blood oxygen content of various twins at birth. 

Of greater interest in recent years has been the immunologic consequence of 
anastomoses. A series of discoveries in this field led to the present concept of 
immunologic tolerance, exhibited by the chimeras to which we have referred 
previously. In simultaneous publications, LILLIE (1916, 1917) and KELLER & 
TANDLER discovered the cause of the freemartin condition in cattle. In this species, 
twinning is about as frequent as in man, however, the majority of twins is of 
fraternal nature (HANCOCK). For as yet unknown reasons, the placentation of 
cattle is suchthat the placental membranes of twin cattle fuse in very early em
bryonic life, allowing the establishment of large inter-twin anastomoses through 
which blood is exchanged. The authors just cited proved that, in every instance 
when such anastomoses had occurred between heterosexual twins, the female had 
become a sterilized, barren calf, known from ancient times as freemartin (FoRBES) 
or Zwicke. They conjectured that fetal testicular hormones were responsible for 
this sterilization of the female twin and her partial masculinization. BuYSE found 
much increased masculinization if two males were connected to one female in 
triplets, thus supporting the concept of an androgen effect. The recent work by 
JosT et al., however, indicates that our knowledge of the nature of the testicular 
secretion is very limited. In their experiments, masculinization of a female calf 
could be effected through injection of androgens into the pregnant cow at appro
priate times, however, the fetal ovary was not changed and did not resemble that 
of freemartins. The next major contribution was made when ÜWEN (1945) dis
covered that such twin cattle remain erythrocyte mosaics (we prefer to call this 
state chimerism) for the life span of these animals. He assumed that circulating 
marrow precursors had permanently settled in the twin host, a concept now 
generally accepted. In other multiple births of cattle, very complex chimerism is 
produced through these anastomoses which constitute a rich source for genetic 
(viz. transformation) and immunologic investigation (ÜWEN 1946; ÜWEN, DAVIS & 
MoRGAN; RENDEL, GARNE & MAIJALA). Spontaneous anastomoses with free
martinism have been described in chickens (LUTZ & LUTZ-ÜSTERTAG), rarely in 
sheep (STORMONT, WEIR & LANE; YuRCHENKO; SLEE; ALEXANDER & WILLIAMS) 
and possibly often in pigs (Low), although the latter is a most Contradietory 
account. In the white-tailed deer, in which fraternal twinning is common, fusion 
of vessels does not occur despite close approximation of placentas and MoLAREN & 
MICHIE have shown that the experimental fusion of placentas in mice does not 
Iead to chimerism. The reason for these differences in species is not understood, 
save to say that mere proximity of implanting blastocysts is insufficient to cause 
vascular fusion (see SLEE but also WILLIAMS, GoRDON & EDWARDS). This principle 
applies to human placentas in which, as has been pointed out, the intimate fusion 
of quadruplet placentas did not Iead to chimerism. 

That cattle freemartins indeed are genetically females was shown by sex chro
matin studies (MooRE, GRAHAM & BARR) and chromosome analysis (ÜHNO et al.). 
Based on earlier findings, extensive work with transplantation of skin clarified 
the immunologic relationship between cattle twins (ANDERSON, BILLINGHAM, 
LAMPKIN & MEDAWAR; BILLINGHAM & LAMPKIN}. It emerged that some time in 
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development (in utero for cattle and man) immunologic competence (i. e. recogni
tion of "self" from "nonself") is achieved. If, as in cattle and the six human 
chimeras, foreign (twin) cells were present, they were regarded as self from then 
on, and if these cells were capable of reproduction as the nucleated cells of fetal 
blood would be, then permanent chimerism was produced. This chimerism also 
allows for the indiscriminate exchange of tissue grafts subsequently among these 
genetically otherwise distinct individuals. They are "tolerant" one to another. 
Long-term studies have not been performed as yet to identify whether such 
chimeras remain intermixed with the same proportion of erythrocytes or whether 
the originalstrainwill ultimately dominate; however, as the firsthuman chimera 
described exhibits, extensive chimerism may persist to adulthood and some 90% 
of dizygous twins in cattle are chimeras (DATTA & STONE; WILLIAMS, GoRDON 
& EnwARns) and apparently remain so. An apparent change in the percentage 
of admixed cells over the years and following two pregnancies in favor of her own 
cells has been reported for the first observed human blood chimera by DUNSFORD 
& STACEY. 

Here then are genetically diverse individuals who, because of the chimerism 
initiated through placental anastomoses, have become tolerant one to another. 
We assume an identical genetic background in monochorionic human twins and 
test grafts (ßROWN; PATTERSON and others, review by ANDERSON & BENIRSCHKE, 
1962) have shown that reciprocal exchange of grafts is tolerated in identical 
twins in man. Such tolerance in monozygous twins might be expected since 
presumably these twins share antigenic structure as inbred strains of mice would. 
It must be borne in mind, however, that approximately 70% of human identical 
twins share blood vessels in the placenta. These twins would be expected to be 
tolerant on this basis alone, even if they were slightly divergent in antigenic 
structure. To test the assumption of genetic identity of monozygous twins it is 
desirable that dichorial identical twins be exchange-grafted. Such may have 
been done once inadvertently; however, these twins were interpreted to be 
fraternal because they lacked complete graft tolerance, although their complete 
concordance of 25 blood groups favors monozygosity (MERRILL et al.). A similar 
case has been described by ZvAIFLER. Hoping to learn more about this discre
pancy, ANDERSON & BENIRSCHKE (1962) have exchanged grafts among armadillo 
quadruplets. In these animals, vessels do not communicate in the placenta 
(NEWMAN, 1917; ANDERSON & ßENIRSCHKE, 1963) and thus tolerance on this 
basis can be ruled out. Surprisingly, delayed rejection of skin was found in the 
surely monozygous litters. The reason for this phenomenon is not understood as 
yet but it would seem to be of future importance in human tissue transplantation. 
For a recent review of the results of tissue transplantation in human twins and 
triplets see RoGERS who also presents his data. 

Other cells probably migrate through the anastomoses as well. Thus, DATTA & 
STONE suggest that transferrin protein chimerism exists in a small proportion of 
chimeric cattle twins, indicating perhaps that some liver elements (?RES) circulate in 
embryos. FoRD finds lymph node, spieen and thymus chimerism in marmoset monkey 
twins. ÜHNO et al. suggested that primordial germ cells may also be exchanged by this 
vascular route. These investigators studied newbom heterosexual twins in cattle and 
find no evidence of chimerism in the barren ovaries of the freemartin, probably because 
of their atrophic state. However, in the testes of their co-twins, typical XX-mitoses 
were identified. Wehave extended this study to marmoset monkeys who always have 
fratemal twins and find that some males, who were marrow chimeras, have some 
meioses without an XY bivalent (BENmSCHKE & BRoWNmLL, 1964). Theseare inter· 
preted to be female germ cells from the co-twin. The consequences of this exchange 
have been discussed by these authors. They include deviation of sex ratios, identifica
tion of possible parent cell of extragenital teratomas, etc., considerations which are 
beyond the scope of this review. 
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It has been noted by several observers that a striking discrepancy exists be
tween the development of heterosexual chimeras in ruminants vs. those in man. 
In the chimeric human female there is no evidence of an adverse effect by the 
male androgens to which she was presumably exposed in utero. Indeed, several 
of these women have had repeated pregnancies, in contrast to the sterility of 
freemartin cattle. Before the discovery of human chimeras, WISLOCKI had already 
pointed out that a similar discrepancy exists in marmoset monkeys. These animals 
have fraternal twins regularly and, in very early embryonie life, vascular anasto
moses are created through intimate chorionic fusion (WISLOCKI), resulting in 
blood chimerism (BENIRSCHKE & BROWNHILL, 1962). Nevertheless, the females 
are normally developed, even if they are co-twins of males. RYAN, BENIRSCHKE 
& SMITH suggest that handling of androgens may differ in these species. The 
placenta of man and marmoset possesses considerable enzymatic activity whose 
function it is to aromatize androgens to estrogens, a faculty not possessed by the 
cattle placenta. It is now evident that much of the placental estrogens in man 
derives from fetal androgen precursors. This pathway is presumably not operative 
in cattle. Consequently, fetal blood androgen Ievels may be higher and effect 
the masculinization. Whether or not this explanation or that offered by JosT, 
CHODKIEWICZ & MAULEON will eventually be the correct one, awaits much 
further work. 

D. Absence of one umbilical artery in twins. 

It has been mentioned previously that in the umbilical cords of acardiac 
fetuses one of the two umbilical arteries is frequently missing. The other, more 
normal twin may be similarly affected (FUJIKURA & WELLINGS), although in this 
case (Fig. llO) severe anomalies were found in the second twin as well. The 
drawings of ScHATZ portray many instances of this condition in acardiacs and 
it has also been depicted in HYRTL's atlas. It was described in both cords of a 
monochorial placenta with a fetus papyraceus by SzENDI (1938 B). Both fetuses 
were apparently well-formed. 

In single pregnancies, one umbilical artery is found to be absent in approxi
mately 1% (see chapter on umbilical cord) and the incidence of associated and 
varied malformations of the corresponding fetus is appreciably above that for 
infants with 2 arteries. Disregarding twin pregnancies with acardiac fetuses, we 
have reported a frequency of 7% of the absence of one umbilical artery in a 
prospectively collected series of 100 consecutive twin pregnancies (BENIRSCHKE 
& BouRNE). In this small series, 3.5% of all babies then had only one umbilical 
artery and it appeared that the generally unfavorable prognostic implication 
which attends the finding of this anomaly in singletons, was not shared by these 
twins. However, in a survey of all ll3 cases of absence of one umbilical artery 
which we had encountered over several years, we found later that 14% of these 
(16 infants) were twins and, of these only five were alive and well (BouRNE & 
BENIRSCHKE). Since these publications, we have collected 250 consecutive twin 
pregnancies past twenty weeks gestation whose outcome is known and whose 
placentas were examined personally. Ofthese 500 fetuses, there were 18 who lacked 
one umbilical artery (3.6%) andin one it was extremely hypoplastic. This occurred 
in the following placentations (Table IV): 
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TABLE IV 

ABSENCE OF ONE UMBILICAL ARTERY IN 250 TWINS 

Type of Sexes Number Placenta Outcome 
Placentation One Umbilical Findings 

Artery 

MM I Normal 
Diamnionic, FF H ypoplasia in I Thrombosis Both died, hyaline mem-

in cord brane disease. 
Monochorionic FF I One died, hydroureter. 

MM I Velamentous Affected died, left artery 
cord in affected abs., otherwise normal. 

MM I Short cord Affected died with many 
anomalies; other died, 
no anomalies. 

MM I Normal 

MM 2 Both velamen- Normal; one a macerated 
tous Rhort cords stillborn without other 

anomalies. 
Diamnionic, MF IF Macarated F 
Dichorionic, FF 1 Velamentous Both died, many ano-

cord malies. 
fused MF I Both, died, no anomalies. 

MF I Normal 

MF IM Chorangioma Normal 
MF IF Succenturiate Normal 

lobe 
Diamnionic MM IM Abnormality of face. 
Dichorionic MF I Normal 

Separate FF I Small cord Normal 
FF I Circumn1ar- Normal 

ginate placenta 
MF IF Affected anencephalic, 

rt. absent; other twin is 
normal. 

The cause of this anomaly is unknown and the controversy as to whether it 
reßects aplasia or atrophy is fully discussed in the chapter on the pathology of the 
umbilical cord. The marked increase in frequency of this anomaly in twins warrants 
explanation. One could argue that its frequency may be the result of abnormalities 
occurring during the process of monozygous twinning. However, the distribution 
of sexes and types of placentation in the preceding table do not agree with such 
an assumption. It is our interpretation that the phenomenon is intimately linked 
with the etiology of velamentous insertion of the cord. LITTLE had previously 
indicated a statistical relationship between these two pathologic events; it is borne 
out in the preceding table and also in the numerous case reports issued on the 
subject in recent years. We have discussed this relationship in detail recently 
(BENffiSCHKE, SULLIVAN & MARIN-PADILLA, 1965) and find as the most likely 
explanation the atrophy of a previously existing artery during the period of 
placental expansion. The trophotropism, leading to abnormal insertion of cords 
and atrophy oflarge areas of chorion frondosum (see chapter II) must also be held 
responsible for atrophy of one artery in some, if not all instances. Whether this 
atrophy can only occur in such placentas in which the usually existing anastomosis 
between the two arteries (at the site of insertion of the cord, see BACSICH & 
SMOUT) is lacking, awaits further study. 
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THOMAS (1961), who also finds histologic evidence for atrophied vessels, found 3 
cases in 7 5 twins. One was a diamnionic monochorionic placenta in which the vela
mentous cord 1acked one vessel. The others were dichorionic, one a set of heterosexual 
twins in whom the heavier girl lacked the vessel; the others were male wit,h the fetus 
papyraceous having the deficiency. FASOLIS & ÜKELY describe normal female twins, 
both of whom lack the right umbilical artery. 

E. V elamentous insertion of umbilical cord 
in twins. 

It is considered normal that the umbilical cord insert somewhere over the 
chorion frondosum, more or less close to its center. In approximately 1% of all 
deliveries, however, a velamentous insertion of the cord is found, i. e. the cord 
takes its formal origin from the chorion laeve, some distance from the edge of the 
placenta. The umbilical vessels course from this point toward the main placental 
tissue within the chorion, unprotected by the connective tissue and the gelatinous 
material of the cord. Hence, the vessels are readily injured. If in such cases the 
free vessels happen to traverse over the internalos of the uterus, we speak of vasa 
previa. This anomalous position endangers the fetal life if, during spontaneous 
or artificial rupture of the membranes during delivery, one or more of these vessels 
is torn. The fetus may exsanguinate within minutes from these large blood vessels. 

In examining twin placentas and reviewing pictures of published series of 
twin placentas (e. g. SCHATZ, HYRTL) one is struck by the extraordinary fre
quency with which marginal or velamentous insertion of one or both umbilical 
cords occurs. This is even more pronounced in triplets or higher orders of multiple 
pregnancy. In fact, KoBAK & CoHEN quote De Lee as stating that velamentous 
cords are "routinely seen in triplets". While this is not the case, as numerous cases 
attest (e. g. Figs. 125, 127), in multiple births of any type the occurrence of vela
mentous insertion of the cord is much increased. EASTMAN & HELLMAN quote a 
nine times greater frequency in twins (5% vs. 0.57%) while in our series of 250 
consecutive twin births (500 infants) the condition was found in 35 cases (7%), 
most commonly in monochorial twin placentas, as the table indicates (Fig. 133). 

Velamentous insertion of the cord with vasa previa was not restricted to these 
cases alone either; one case with the (2) vasa previa coursing over the dividing mem
branes in a fused dichorial placenta is sbo"n in Figure 117 and minor degress of a 
similar vascular pattern were seen in otbers. 

WHITEHOUSE & KüHLER have recently collected the published cases of fetal death 
due to rupture of velamentous vessels in twins and add 2 cases. All six instances oc
curred in monochorial twins and these authors draw attention to the possibility of 
determining prenatally the nature and origin of bleeding by the discrimination of fetal 
from matemal hemoglobin. They also mention the possibility of exsanguination of 
both infants through placental anastomoses. The older Iiterature on the latter problern 
has been collected byWENNER(1947). In the case whose placenta is shown in Figure, 134 
the second-born fetus died during delivery due to exsanguination from ruptured vela
mentous vessels. This was a dichorionic fused twin placenta with like-sexed twins in 
wbom the zygosity could not be established. The case is unusual in that the first infant 
was the survivor. The villous tissue of only that half of the placenta, belonging to 
the dead twin, was extremely pale, again confirming a lack of anastomoses, despite 
intimate fusion. The photograph also shows that several vessels had ruptured at the 
same time. 

The increased frequency with which velamentous insertion of the cord occurs 
in twin placentas demands an explanation which agrees both with the notions 
concerning the etiology of this anomaly as weil as the processes associated with 
twin placentation. The controversial views of the genesis of velamentous insertion 
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---- --

15 30 15 2 2 - 11 74 
Di Mo --------------- 11,4 19,5 31,0 

25 50 - - 25 2 23 (29,6%) 
------

Di Di 10 20 10 2 2 - 6 85 
-------------- 7,0 10,0 17,0 

fused 15 30 - -! 15 0 15 (34%) 
----

Di Di 6 12 6 - - - 6 88 
-------------- 3,4 6,2 9,6 

separate 10 20 - - 10 1 9 (35,2%) 

Fig. 133. The number of twin sets with one or both twlns havlng a velamentous or marginal Insertion of cords is 
indicated at left according to type of placenta. V1, V" M,. M, and other refer to total number of cord Insertions 
of all twins (twice as many as twin sets). Percentages at right lndlcate that closer approximatlon of placentas 
favors abnormal cord Insertion. Despite the small sample of monoamnlonic twins, the analogy does not appear to 

hold for this category. 

of the cord are discussed in detail by GROSSER (pp. 207, 396). PoTTER (1960) 
concludes that it is the primary lack of proximity of the embryonie cell mass to 
the future chorion frondosum in the early implanted ovum which is responsible 
for the insertion of the vessels on the chorion laeve. Indeed, the case of MEYER 
(1923) in dichorial twins in which one cord arose nearly opposite the placenta on 
the convexity of the chorion laeve, is difficult to explain differently and he 
interprets it to support this concept. GROSSER also feels that this case proves 
the fact that, in velamentous insertion, the body stalk must have had a "capsular 
insertion". This is difficult to reconcile with the increased frequency of this 
condition in twins, particularly that found in monochorial twins. It is possible 
of course to envision that in the latter the newly developed two embryonie disks 
move further and further apart, as is true for armadillo development. However, 
in the armadillo, velamentous cords are not found and this explanation could not 
support the more frequent association found also in dichorial multiple births 
(see Fig. 133). We see here some support for Strassmann's (quoted by GROSSER) 
concept of "trophotropism". This assumes a lateral growth of the villous tissue, 
for reasons of better nourishment perhaps, with the cord remaining stationary. 
This would also explain better the so called interposition of the cord (ÜTTOW, 
1922) in which the vessels remain supported by cord substance although they 
are placed already within the chorion laeve. Further, we believe the extremely 
common finding of partial circummargination of twin placentas favors such 
secondary villous expansion beyond the original margin of the placenta. The case 
shown in Figs. 118, 119 is representative ofthis condition. This probable competi
tion for space in multiple births is readily appreciated if one envisions several 
blastocysts implanting side by side. One would thus expect the greatest frequency 
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of velamentous vessels to occur in the most closely approximated placentas 
(monochorial), next most commonly in the fused dichorial and least often in 
separate dichorial twins if this mechanism held. The distribution of frequency in 
the table support this idea well but clearly, observations on early stages are 
necessary to settle this point conclusively. So far, no early embryos have been 

Fig, 134. Velamentous Insertion of nmbilical cord of second twin who was stillborn from acute exsanguination. 
Large torn vein can be seen et edge of membranes (arrows), several others are found at left upper edge of photo

graph. Fused diamolonie dichorionic placenta. 

described of which one could expect a velamentous cord to develop and most 
prematurely delivered placentas have a nearly central insertion of the cord. These 
considerations apply equally to placentas with a marginal insertion of the cord, 
the battledore placenta. In many of the placentas of multiple births here shown, 
these anomalies are evident. For full discussion see BENIRSCIIKE, 1965. 

F. Placentation in Relation to Zygosity of Twins 

Certain deductions can be made regarding the genetic relationship of twins 
from the study of the placenta. Unfortunately, much misinformation is found in 
textbooks, yet accurate knowledge is of considerable future importance in this 
area. It can now be stated unequivocally that not all monozygous (single-ovum
derived) twins must also have a monochorial placenta. It is not even necessary 
for the placenta of monozygous twins to be fused and it is in this respect, and that 
of vascular fusion, that man differs most appreciably in his placentation of twins 
from that of other species. This is also the area of greatest confusion and the 
notions of older investigators (e. g. ScHATZ) that dichorial or separated placentas 
are indicative of a fraternal relationship between the twins is still taken over in 
many texts of obstetrics. 
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The historical events leading to a clarification of the facts have been sunnnarized 
by PRICE and also by CoRNER, who discusses the subject primarily from an embryo
logist's point ofview. The first sound paper on the topic isthat ofCURTIUS who studied 
phenotypic similarity of a series of twins whose placentas had been analyzed by 
KIFFNER. He finds to his surprise that, of six certainly monozygous twins, only three 
had a monochorial placenta, the others being dichorial, even separated dichorial in 
two instances. His study is carefully documented and, while none of the modern tools 
of genetics were available to him, the likeness of these twins is so great as to be con
vincing. 

Larger studies (LASSEN and others quoted by PRICE and CoRNER) are often 
based principally on the statistical concept known as WEINBERG's differential 
method. This assumes random distribution of sexes in fraternal twins and, when 
applied to large series of human twins, an excess of like-sexed twins is found. 
This excess is variously given as between 20% and 40% and it differs with the 
method of collection (abortions, newborns, adults) and with racial background. 
This excess is the group of presumed monozygous twins. If these figures are 
correlated with known placentation, it is found that fewer monochorial twins 
exist than those expected to be monozygous from this calculation. Based on this 
then, the assumption is made that this discrepancy can be explained only by 
monozygous but dichorial twins; in our material, this number is approximately 
30%. The membranerelationship of 250 consecutive twin pregnancies, delivered 
after 20 weeks of gestation is given in the table shown in Fig. 135. 

PLACENTATION OF 250 TWINS 

1,2 % Mo Mo (3) 

29,6% Di Mo (74) 

100 o1 ( 140)<DZ 34,0% Di Di fused (85) 
56°/c DZ 10 

(t40) DZ 35,2% Di Di separate (88) 

MZ 

> MZ 

44%MZ 
(llO) 

Fig. 135. In 250 consecutive sets of twins dellverad p~st 20 waeks of gestatlon, the placentas had a structure as 
shown in the center column. From this kuowledge and sex distribution of the set, the expected dizygous twin 
frequency (DZ) is 56% (left), 140 pairs. The expected monozygous twln frequency (MZ) ls 44% (right), 110 pairs. 

The lines indicate the distribution of piacental types according to zygoslty. 

To test the assumptions of this table further, we have recalled recently some di
chorial like-sexed twins for intensive likeness studies. One representative such case 
is the following : 

Pair 79: Born 1959; Diamnionic dichorionic separated placenta. Mother thinks 
twins are identical. 1963 twin boys look alike in all phenotypic expressions (hair, 
eye, ears, finger prints, foot prints) but have differing temperaments. Blood group
ing was performed by Dr. B. CHOWN, Winnipeg, Canada and the results are shown 
in Fig. 136. 
From these blood group studies alone, the probability is that the twins are: 

monozygous (.9948), dizygous (.0052). If one adds to this the fact they are like-sexed, 
both blond and blue-eyed as weil as having striking similarity in development, finger 
and foot prints, then there is little doubt but that these twins with separate dichorial 
placentas indeed derived from a single zygote. We have now collected data of this 
nature on a nurober of Rimilar circumstances which prove beyond doubt that like
sexed twins with dichorial placental membrane relat.ionship are frequently of mono
zygous background (see also NEEL & ScHULL). 
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Fig. 136. Blood grouping of family with presumed monozygous twins having a separate dichorial placenta. 
Complete concordance of blood groups in twins and dissimilarities from parental group allows statistical approxi· 

mation ofprobability. (P = 0.0052) (Conrtesy Dr. B. CHOWN). 

PoTTER (1963) has published the largest andin this respect the most convincing 
series. In 548 twin pregnancies from her hospital, the placental membrane rela
tionship and sex were recorded in 293 pairs and the zygosity was determined by 
WEINBERG's method and compared with the placenta, sex and the following blood 
groups: AB, CDEce, MN. From this study comes confirmation that monochorial 
twins arealwayslike-sexed andmonozygous when blood grouped. Ofthe 293 pairs, 
22.8% (67) were monochorial, like-sexed and had an identical blood type. 101 
pairs had fused dichorionic placentas, 35 being of different sex; of the 66 like
sexed twins, 28 had identical blood groups. 125 pairs had a separated dichorionic 
placenta, 54 of which were of different sex, and 30 pairs of the like-sexed had 
identical blood groups. From these figures the author concludes that WEINBERG's 
rule is supported, and that one is able to assign by these means the zygosity at 
birth in 80% of all twins: Because of different sex in 30.2%; because of mono
chorionic placenta in 22.8% and because of like sex but different minimal blood 
grouping in 27%. The remaining 20% then were like-sexed, dichorionic and had 
identical blood groups. This is also approximately the same nurober expected to 
be monozygous and dichorial as calculated with WEINBERG's differential method. 
It is felt, however, that additional blood grouping and likeness studies of other 
types would be necessary to establish the zygosity of these infants with certainty. 
lt must be borne in mind that these percentages are not universally applicable 
because of differences of the rates of twinning (with variable dizygous frequencies, 
see STRANDSKOV & EDELEN; BuLMER; NEEL & ScHULL} in different races. The 
validity of this concept, however, is undoubtedly correct. 

It is now important to consider the possible exceptions to this rule because 
they continue to be cited in support of contentions that above findings are falla
cious. v. VERSCHUER (1925) has published a case of apparently dizygous twins 
(dissimilar phenotypes) with monochorial placenta. This case should be dismissed 
from further consideration because no evidence for the monochorionic placental 
form is provided, it rests on hear-say only. GuLDBERG's alleged heterosexual 
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monochorial twins have already been referred to and ruled out. The twins both 
had ovaries but one was externally malformed. WENNER (1956) described 14 of 
100 like-sexed twins studied, judged to be dizygous but having a monochorial 
placenta. In the absence of further supportive evidence (no tabulation of reasons 
for diagnosis of dizygosity and apparently not personally examined placentas), 
this !arge number of exceptions cannot be accepted since it is contrary to all 
other studies previously cited and the extensive experience of WALKER who 
studied placentas, blood groups, etc. of over 1,300 twin pregnancies. To date then 
no case of dizygous monochorial twins has been supported by a complete record 
(see also color plate II by GEDDA) alt.hough, as N. F . WALKER has said "we are 
constantly watehing for any exception, should it appear". We can therefore not 
follow GEDDA & BRENCI who claim to find 16.71% of their twin placentas (3,023 
total) to be monochorial and of dizygous twins on the basis of likeness studies 
and anamnestic data alone. 

Dizygous twinning presumably results from the fertilization of two separate ova, 
although other mechanisms, e.g. fertilization of apolar body, etc. have been postulated 
and a certain body of evidence for this thesis collected. This is reviewed in detail by 
GEDDA (p. 125) who also cites Lenz as postulating that multiple ovulation occurs more 
frequently than is assumed from the frequency of dizygous twinning. In general, it is 
believed that the presence of two corpora lutea is evidence for the dizygous nature of 
twins. Unfortunately, it is rarely possible, to observe the ovaries in man and careful 
search has on occasion not yielded a trace of any corpus luteum in twin pregnancy. 
Thus REID found no trace of a corpus luteum in one remaining ovary in a cesarean 
section of monozygous triplets, the other ovary having been removed previously. 
In Figure 141 a set of twins is shown in whom an erroneous zygosity could have been 
assigned on the basis of ovarian morphology. The male twins were 3.2 cm long, had a 
diamnionic monochorionic placenta with two yolk sacs and are assumed to be mono
zygous because of their monochorial placentation. This total hysterectomy was ac
companied by an ovary in which two distinct corpora lutea were present and only 
one of which could be seen on the ovarian surface. It is assumed that one ovum never 
became fertilized or implantation did not take place. Thus, deductions from the 
ovarian structure may not be of much help in assigning zygosity of human twins. 

Fig. 137. Hysterectomy specimen wlth 3.5 cm male embryos in dlamnionic monochorionic twin placenta. Beneath 
i uncture of the two amnions, the two yolk sacs can be seen at arrow. At right ls the ovary of the same case with 

two corpora lutea, only one of which could be seen on external inspection. 

These examples serve to emphasize the need for careful documentation of all 
aspects of twin biology lest the much advocated genetic tool, the twin method, 
fall in disrepute. Such has been claimed of NEEL & ScHULL's discussion of this 
tool, while these authors have merely attempted to emphasize the need for 
judicious interpretation of carefully collected twin data (see WAARDENBURG and 
discussion of his paper). Here, as in so many other studies, the "identity" of 
monozygous twins is emphasized, reflecting the common genetic background. 
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1. Discordant Monozygous Twins in Relation 
to Placental Development. 

Excellent evidence has been collected repeatedly which demonstrates an 
overall greater natal dissimilarity among monozygous twins when they are 
compared with fraternal twins (v. VERSCHUER, 1927 p. 54; STEINER; PRICE; 
NAEYE). Moreover, there is found an unexpectedly high "unilateral" anomaly 
rate in monozygous twins. The many cases of discordant development in monozy
gous twins have been reviewed by DouGLAS; METRAKOS, METRAKOS & BA!TER, 
andin his doctoral thesis, METRAKOS carefully reviews the literature for evidence 
of concordance of physical characters in monozygous twins. Hisobservations do 
not agree with W AARDENBURG's later conclusion "discordance for one hereditary 
trait is already conclusive for the diagnosis of dizygotism". The previous authors 
are unable to explain these frequent exceptions from the expected concordance 
of monozygous twins and they advance a variety of hypotheses concerning 
environmental and genetic factors to explain the findings. KALLMAN said that 
"discordance between them is not, as is commonly assumed, a measure merely of 
postnatal or even prenatal development; it may also have a genetic component" 
and STRUPLER had earlier assumed that the frequency of anomalies in monozygous 
twins is intimately related to the already pathologic event of the twinning event 
itself (see also the case of WARKANY, GUEST & CocHRANE). The recent develop
ments in human genetics lend strong support to the idea that wide genetic diffe
rences may exist among monozygous twins and undoubtedly many further 
examples will come to light in the future when the question will be studied with 
better tools for genetic analysis. The evidence tobe cited comes mainly from the 
chromosomal study of twins and abortuses and pertains to the relationship of 
membranes in MZ twins. We consider these findings not only most provocative 
but believe that they are very pertinent to our understanding placental and fetal 
development. 

In the past, the fact that mongolism in twins has always been concordant in mono
zygous twins has been used as an argument against the "environmental etiology" 
(insult in the late first trimester of pregnancy) of this anomaly. The reported cases 
have been reviewed critically by MAc GILLIVRA Y and two sets of monozygous twins 
with a karyotypic anomaly have been studied recently with chromosome-, in addition 
to the other conventional methods. The first set was concordant in being trisomic for 
chromosome 21 and XXY (4-8 chromosomes) (HusTINX et al.), the other pair had 
regular trisomy 21 (MIKKELSEN & MELCHIOR). These authors review other pertinent 
Iiterature to which, for completeness, a case of mongolism in fraternal twins of opposite 
sex should be added (NICHOLSON & KEAY). SMITH (1955) was the first author to 
conclude from the application ofWEINBERG's rule to the reported twins wit.h mongolism 
that some of the discordant twins reported actually were not rlizygous, as had been 
assumed, but that they must be considered monozygous. The test of zygosity is dif
ficult t.o interpret in some instances and it has not often been carried out, vigorously 
enough in such discorrlant sets, as is also true of many other twin studies. In a later 
note then, SMITH (1960) retracted his former conclusion on the basis of additional case 
reports, the events leading to the recognition of the trisomic state of this condition 
and because of relevant criticism detailed in his paper. In his newer calculations, the 
view was advanced that the frequency of concordant trisomic twins agrees with the 
frequency of monozygous twins. 

Since then, several twins have come to light in whom monozygosity must be 
accepted for various reasons, but in whom discordance of chromosomal number 
and disease state has been proven. Theseobservationsare pertinent to our further 
discussion on the time of twinning and placental type. The first case concerns a 
pair of twins, one a normal male (XY), the other phenotypically female and 
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afßicted with Turner's syndrome (XO), in whom extensive studies were performed 
{TURPIN et al.). On first glance, these twins would surely have been interpreted 
as dizygous because of apparently different sex. When studied in detail, however, 
these twins were six years old, had tissue chromosomes as indicated and they 
were concordant in all blood groups tested. From the blood grouping of also 
their parents and two sisters, a probability of dizygosity of P = 0.0075 was 
assigned. Subsequently, through additional blood grouping, this could be increased 
to P = 0.00074 {TURPIN, personal communication, May 1963). Reciprocal skin 
grafts were accepted by the twins and they retained their karyotypes for at least 
77 days {LEJEUNE & TURPIN). Unfortunately, blood chromosome chimerism was 
not studied and the placental status is unknown. In a similar case, studied by 
MIKKELSEN, FR0LAND & ELLEBJERG, more details are available. These twin 
sisters were compared phenotypically at age 35/ 12 and subsequently one died and 
was autopsied. The placenta was diamnionic and monochorionic and in both 
twins, chromosome studies of skin and blood showed an XO/XX mosaicism. 
Blood groups were identical with a probability of monozygosity P = 0.98. 
Despite this finding, the phenotype in one twin was much more typical of Turner's 
syndrome. Such phenotypic variability is not only remarkably frequent in Turner's 
syndrome in general, but particularly in patients exhibiting any mosaicism (see 
also LEMLI & SMITH). BIESELE et al. report trisomic schizoid twins who were later 
(ScHMID et al.) shown tobe monozygous. Their complex chromosome mosaicism 
presumably accounts for the somewhat different phenotype as well. 

In a further set of twins, LEJEUNE et al. (1962), the probability of dizygosity 
on extensive blood grouping was P = 0.00025, yet one twin wasanormal male 
(skin culture 46 XY) and the other a typical mongolian idiot (skin culture 47 X Y, 
trisomy 21). No doubt of monozygosity exists in these discordant twins and a 
diamnionic monochorionic twin placenta was found. It. is particularly regrettable 
that blood chimerism was not searched for, as the findings would enhance our 
knowledge of the timing of the adverse splitting event and its influence on the 
type of placentation. As it stands now, one must assume as the most likely event 
that the twinning impetus became effective in this case at a time when the blasto
cyst wall had delineated as future chorion (46 XY) and misdivision occurred at 
the 2 or 4 cell inner-cell-mass-stage. This presumably then led to one normal 
embryo (46 XY) and one 47 XY with trisomy 21 whose other mitotic product 
(45 XY with monosomy 21) died. Pari passu, this means a placentajfetus chromo
some mosaicism for this twin. We have no knowledge of the possibly altered 
functional capacity of a placenta, trisomic for chromosome 21. However, it is 
possible that such mosaicism as suggested might present different intrauterine 
conditions than those of the usual pregnancy leading to mongolism. It would be 
interesting to know whether blood chimerism existed in these twins. This would 
not only further rorroborate these deductions but also, it may influence the 
intrauterine development of both the normal and abnormal twin.-FANCONI, 
discussing another detailed presentation of the same pair of twins (de WoLFF, 
ScHABER & LEJEUNE) finds another pair of presumably monozygous twins (by 
blood grouping and likeness studies) but discordant for mongolism in whom the 
placental status is unknown. He cites v. BEUKERING & VERVOORN as having found 
a case of discordance for mongolism in diamnionic monochorionic twins. The case 
is ofhistoric interest as it probably is the first documented example ofmonozygous 
twins (because monochorial membranerelationship was found) with discordance 
of chromosome number. Professor Plate was kind enough to let us study a section 
of the dividing membranes, proving the monochorionic status. The photograph 
of the placenta in the original article does not show any further remarkable 



2. The Frequency of the Twin Types 257 

details, in particular no anastomoses are recognized. ·we have seen a set of diam
nionic monochorionic twins with anastomoses of whom one died neonatally 
with multiple anomalies and the histologic ovarian findings of Turner's syndrome. 
Presumably because of the placental anastomoses, XXJXO blood chimerism 
(95/5) could still be detected in the normal twin 5 years later (BENIRSCHKE 
& SuLLIVAN). DENT & EnwARDS describe apparently monozygous twins, one 
a boy, the other a girl with the Turner syndrome. Both had a preponderance 
of XO cells in skin and leukocyte cultures. The case reported by DAWSON indi
cates how critical the complete documentation of such aberraut twins is. This 
author describes a set of twins, one normal, the other mongol and states: "the 
pregnancy was uniovular, with separate amniotic sacs and sex was female in 
each". Shortly thereafter, LAWLER could demonstrate a difference in blood groups 
of these twins, proving "conclusively that the twins are not identical" and we are 
thus once more left with the uncertainty of accurate assessment of placental 
membranes. 

In other chromosomally abnormal twins, modern studies have shown complete 
concordance: e.g. in twins with Turner's syndrome (TURNER & ZANARTU; LEMLI & 
SMITH); PRIEST et al. review the mongol sturlies and present a case of diamnionic 
monochorionic, normal (46 XY) stillborn, definitely monozygous twins born to a mon
gol mother (47 XX, trisomy 21). 

From this brief account it is apparent that the accurate diagnosis of the 
zygosity of twins is occasionally very difficult. Not only areintrauterine environ
mental circumstances such as the transfusion syndrome and the evolution of the 
placental vascular pattern cause of significant natal differences in monozygous 
twins but also, twins may be genetically widely different through mishaps of 
cellular division in early embryonie life. It is apparently easier to furnish proof 
for dizygosity than to establish a set of twins as truly monozygous. For these 
reasons, we have urged repeatedly that the accurate determination and recording 
of the placental development and the membrane relationship of multiple birth 
be practiced routinely (DRISCOLL). By this means, some 70% of monozygous 
twins may be ascertained through their monochorial placentation. As discussed 
previously, no well substantiated case of dizygous twins with such a placenta 
has been described in man. The possible exception to this is found in one of the 
cases depicted by BAR. The dichorial dividing membranes had disrupted before 
birth. Nevertheless, the diagnosiswas readily made from the remaining parts of 
the former dividing membranes and the case is thus not analogaus to marmoset 
monkeys and cattle in which true chorionic fusion occurs early in the embryonie 
development of fraternal twins. 

2. The Frequency of Twin Types. 

Considerations of Studies of Ahortions. 

The determination of zygosity in abortuses of course is greatly handicapped 
in that, usually, serologic tests such as blood grouping, haptoglobin studies, etc. 
cannot be carried out. Moreover, the phenotypic comparison of twins is usually 
limited to the determination of sex and thus placental membrane examination 
plays a primary role in assigning zygosity. 

When the mortality of twins is related to zygosity it becomes evident that 
there is a considerable excess of monozygous twins who suffer perinatal death. 
This is even more striking when survival is related to type of placentation. 

Handbuch der pathologischen Anatomie VII/5 17 
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Unfortunately, such data are not available for aborted specimens since in most 
pregnancies terminating before 20 weeks the fetus is not recognized and the 
placentas are often fragmented surgically. AREY (1922) argued that chorionic 
fusion, resulting in a monochorial twin placenta, must occur in dizygous twins 
because of the excessive frequency of monochorial twins in tubal pregnancies. 
He finds monochorial twins 15 times more commonly in such specimens than could 
be expected. He culled 40 tubal twin pregnancies, 31 of which were monochorial, 
but he added cautiously that ultimate proof of chorionic fusion must come from 
heterosexual monochorial twins, as yet unobserved; andin his subsequent two 
contributions (1923), in which all documented cases are abstracted, he takes the 
position that monochorial twins are monozygous until proven otherwise. He finds 
that tubal twin pregnancies, as weil as singleton ectopics, occur chiefly in older 
multiparae (31 yrs. vs. 26.5 yrs.). Most common were tubo-uterine abortions, less 
frequent unilateral tubal twins and least common of all were bilateral tubal twin 
pregnancies. AREY assumes adverse events (tubal inflammation) tobe responsible 
for ectopic pregnancy and possibly for the twinning process, in line with ideas 
expressed by STOCKARD. 80% ofmonochorial twin tubal pregnancies had ruptured, 
against only 58% of single tubal pregnancies, and rupture occurred least often 
when an embryowas absent from the specimen. Quintuplets were observed once, 
as was a thoracopagus and triplets three times. AREY (1923 A) added a monoam
nionic case with 12 mm embryos and single yolk sac and a diamnionic mono
chorionic set (12 mm) with also only a single yolk sac. Because of the absence of 
one yolk sac in the latter case, AREY assumes early and unequal separation of 
embryos, one twin receiving no yolk sac, stalk or vessels, which he regards as 
unnecessary vestiges. The common yolk sac was held to be the most important 
criterion for monozygosity by HAMLETT & WISLOCKI who wanted to do away with 
designations such as monochorial because of the frequent fusion (in animals). 
However, two yolk sacs are seen in a number of monozygous twins if careful 
search is made (viz. Fig. 137) and the suggestions made in their contribution can 
no Ionger be accepted. FILL & Ross bring the Iiterature of tubal twin pregnancies 
up to 1957 and find a consistent prevalence of monochorial twins and GREEN 
& WEST collect the occasional ovarian twin ectopic pregnancy, adding a mono
chorial case. 

The frequency of twinning in material from spontaneous abortions is not weil 
substantiated because of the frequent mechanical disruption of the conceptus. 
JAVERT quotes authors with frequencies ranging from 6 to 20%, while in his own 
study of 2,000 abortuses only 24 cases (1.2%) were found. In our own material, 
this incidence was even lower. Among 1,870 abortions, studied during the same 
interval as 250 viable twin pregnancies were collected, we observed only seven 
twin abortions (terminating before 20 weeks), a frequency of 0.3o/o. It is striking, 
however, that only one was dichorial and heterosexual, an abortion occurring 
because of premature cervical dilatation and intrauterine infection with the twins 
born a week apart. (See ALLAHBADIA for a consideration of this combination of 
circumstances.) There were four diamnionic monochorionic (Fig. 139) and two 
monoamnionic twins. One of the latter showed the classical entangling of cords 
(Fig. 138) which QuiGLEY held responsible for the abortion of 24 of 109 mono
amnionic twins. The cause of our other monoamnionic abortus clearly could not 
be attributed to these factors. This specimen is of interest, however, because of its 
partially duplicated yolk sac (Fig. 140). Since then we have seen one ruptured 
tubal triplet pregnancy (monochorial) with 10 cm fetuses. GuTTMACHER (1937) 
finds 1 twin abortion among 37.1 abortions, as compared to 1 in 86.5 viable births 
but unfortunately no breakdown of the membrane relationship is presented. 
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There is then some evidence for an even greater loss of monozygous (vs. dizy
gous) twins in the early embryonie period than that cited for viable twins. From 
the frequent occurrence of triploid-XXY abortuses uneavered in the recent 
chromosome studies (CARR 2 cases, one twin with triploidy XXY, the other 
with trisomy D lit., SzuLMAN 4 cases) and the frequency of mosaicism in chromo
somally determined disorders, particularly sex chromosomal anomalies, further 
complicated and "exceptional" twin abortuses can be expected. 

Fig. 138. Monoamnionic twin abortion with macerated fetuses. Death was presumably due to entangling of cords. 

As we see it, present evi
dence suggests the following 
correlations. Fraternal twin
ning is morefrequent at higher 
maternal ages (DAHLBERG) as 
are chromosomal anomalies in 
the offspring. The relatively 
frequent concurrence of the 
two events may thus be ex
pected, although much more 
data will have to accumulate. 
Thus, a relationship has been 
suggested to exist between the 
Klinefelter syndrome and twin
ning (HOEFNAGEL & BENIR

SCHKE}, for multiple chromo
some anomalies in mongolism 
and fraternal twinning (Kws
SOGLOU et al.) and possibly 
for the Turner syndrome 
(LINDSTEN}. lt is also pos
sible that a familial tendency 
to dizygous twinning and 

Fig. 139. Diamnionic monochorionic twin abortus with much 
earlier death of embryo at left center (? macerated acardius) and 
degenerating dividing membranes. Subchorionic tuberous he-

matomas. 

17* 
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Fig. 140. Monoamnionic twin abortus with normal embryos; par
tially duplicated (bean-shaped) yolk sac at arrow. 

chromosomal anomalies e:xists 
concurrently, particularly in 
the families with the Turner 
syndrome. -So far as mono
zygous twinning is concerned, 
it has been postulated that a 
noxious environmental insult 
constitutes the "twinning im
petus". Such may also be the 
case for chromosomal anoma
lies, and in recent years, in
vestigators (Enw ARDS; LE
JEUNE) ha ve fa vored the view 
that postzygotic nondisjunc
tion, rather than meiotic dis
turbances account for these 
anomalies. The frequency of 
mosaicism, triploidy and expe

rimental data on overripe frog eggs (WITSCHI & LAGUENS) are cited in support of 
this view. Suchinsults may eventually explain the exc essive frequency ofmonozy
gous (MZ) over dizygous (DZ) twin abortions. It now develops that many abortuses 
have bizarre chromosome abnormalities (ÜARR; ÜLENDENIN & BENIRSCHKE, seealso 
PARSON's important paper). Alternatively, in a critical discussion of KINDRED's 
paper on the fetus papyraceus, McLAREN & MICHIE suggest on statistical grounds 
that synchorial (MZ) twinning may lead much more frequently to abortion than 
DZ twinning because of the greater risk of double representation of lethat genes, 
if such were present. It seems to us, however, that such an analysis is an over
simplification of the multiple factors which enter into the development of human 
twins which include vagaries of vascular communications, intrauterine location 
and expansion of the placentas and many more factors which cannot be assessed 
from the presently available data. 

It is thus uncertain what factors account for the unquestionable higher abortion 
rate of monochorial as against dichorial twins. Careful morphologic and chromo
some studies in this area will be of great interest. 

3. Perinatal Mortality of Twins in Relation to Type 

of Placentation. 

Numerous studies have shown that the perinatal mortality of twins is much 
increased when compared with single pregnancies. It is uniformly agreed that the 
principal hazard is the much more frequent premature termination of the twin 
pregnancy. Indeed, for a given weight group, there is little difference in the survival 
of single births as against a twin infant except when the weight of the infant 
increases above 3,000 g. At higher weights the twin is at a decided disadvantage 
(National Office Vital Statistics). Investigators have sought the reasons for the 
frequent prematurity in many different physiologic mechanisms. It has been 
suggested by J. K. RussELL that lowered socio-economic status of the mother 
adversely infl.uences birth weight, while ANDERSON finds tall well nourished 
mothers to have larger babies than small women. MoRRIS, ÜSBORN & WRIGHT 
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measure the effective circulation in the uterine wall of late pregnancy with labeled 
sodium chloride and find a considerably decreased clearance half-time in twin 
pregnancy (6.6 minutes) as against normal singleton pregnancies (4.1 minutes), 
a finding which merits future study with respect to outcome. 

It is generally agreed that more monozygous twins arelost due to premature 
onset oflabor than is true offratemal twins, at least like-sexed twins are adversely 
affected (see SPURWAY, among others). When the type of placentation is taken 
into account in an appraisal of the reasons for the differential rate of premature 
delivery and perinatal death rate, interesting figures are obtained (Fig. 141). In 

TWIN MORTALITY AND PLACENTATION 

Mo Mo DiMo Di Di 
fused 

TOTAL 6 148 170 

Di Di 
separate 
176 

DEAD 2 (50%) 37 (25%) 14 (8,2%) 17 (9.6%) "' / "' / Monochorials Dichorials 
40 of 154 = 25,9% 31 of 346 = 8,9% " / Total Twins 

71 of 500 = 14,2% 

Fig. 141. Analysis of perinatal mortality of 500 consecutive twins (250 sets) past 20 weeks gestation in relatiou to 
type of placentation. 

our 250 consecutive twin births, we had an overall mortality of 14.2% which 
compares with that of SPURWAY (12.2%) SPARLING (14o/o), ROBERTSON (14o/o), 
etc. but it is considerably higher than for instance the 10.8% given by KLEIN, 
all recent reviews from different geographic areas. Monochorial twins suffered a 
loss of 25.9%, while 8.9% of dichorials died in our study. A detailed examination 
of these deaths shows that, aside from cord entangling in monoamnionic twins, 
the transfusion syndrome must be held responsible for the major portion of 
premature terminations in the monochorial group. Similar findings have been 
suggested by VERMELIN & RIBON. It is difficult to understand exactly why the 
monochorial twins With the transfusion syndrome are born so much more fre
quently prematurely. The most likely cause is the development of hydramnios 
which, unfortunately is often difficult to assess clinically. In a retrospective 
analysis of our twin data, taking into account only the verified hydramnios, 
this assumption is borne out, as the following Table V indicates. 

Similar conclusions were drawn by STEVENSON, and these prenatal, placental 
causes of different development of MZ twins have long been correlated with the 
greater dissimilarities of MZ vs. DZ twins (DAHLBERG; v. VERSCHUER 1927 lit.). 
BABSON et al. follow up such twins to older ages and find a lasting difference in 
later development. This is also in agreement with the findings of BERG & KIRMAN 
who state in their retrospective study "defective twins of the same sex as the 
other member of the pair had a lower mean birth weight and higher incidence of 
prematurity (2,484 gor less at birth) than defective twins of opposite sex to the 
other member." Correct identification and recording of placental findings thus 
becomes of considerable importance in future long-range studies (BABSON et al.). 
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TABLE V 

Verified Hydramnios complicating pregnancy in 250 Twin Pregnancies 

Totalpairs No. of BothA&W One Both 
hydramnios infants No.ofinfants infant dead infants dead 

Diamnionic 7 14 10 Ia 2 
dichorionic separate 

Diamnionic 8 16 10 2b 2• 
dichorionic fused 

Diamnionic 13 26 8 4d IOd 
monochorionic 

Monoamnionic 1 2 1 
monochorionic 

Total infants 58 28 8 14 
22 perinatal deaths 

with hydramnios 

a Anencephalic. 3 diabetics. 
b Malformed 1; Erythroblastosis 1. 
c Exsanguination during amniocentesis (diabetic). 3 diabetics. 
d 1 congenital heart disease, all transfusion syndromes. 1 diabetic. 

Many studies show preferential mortality of the second-born twin (WADDELL & 
HUNTER; AARoN et al., GRAVES et al., KLEIN; SPARLING) and various obstetric ex
planations have been considered by authors who find a higher mortality of the second 
infant (MACDONALD, KURTZ et al., LITTLE & FRIEDMAN; SPURWAY; BACH & KIFFE; 
RoBERTSON, and others). All agree that prematurity is the single most important 
antecedent event in the mortality of twins. In our own study, there is no appreciable 
difference between first- and second-born, provided that those sets are removed from 
the analysis in which one twin is a macerated stillborn, which is usually delivered last. 
This provision does not often seem to have been made by the obstetric authors who 
consider this problem. The mortality of twins during their first year of life has been 
studied by FruMARA who also reviews prenatal and natal mortality. 

4. Evolution of V arious Types of Monozygous Twin Placentas. 

From the foregoing it is apparent that monozygous twins may be endowed 
with a wide variety of placental types. From the monoamnionic monochorionic 
placenta we find a continuous spectrum to the diamnionic dichorionic organ. The 
principal types are shown diagrammatically in Figure 142 but it must be appre
ciated that intermediate typesexist such as the monoamnionic organ with plica 
(Fig. 87), the conjoined monsters with separate masses (ScHWALBE) and various 
yolk sac structures which arenot included in this diagram. Moreover, wide dif
ferences meist in the monochorial organs with respect to vascular anastomoses. 

In reviewing our own material and various reports ofthe literature (e.g. SzENDI 
1938; STEINER; PoTTER 1964) it is striking that the proportion of monoamnionic 
to diamnionic, and that of all monochorials to all dichorials is relatively constant 
when only monozygous twins are considered. This constant relationship warrants 
an explanation which is consistent with embryological data as weil as our notions 
on the mechanism of monozygous twinning. In search of such an explanation we 
have formulated the following hypothesis which is based on known facts and 
previous considerations in the literature (BENIBSCHKE 1965). 
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GUTTMACHER (1937) has expressed that monozygous twinning is a phenomenon 
of chance. It is relatively uniformly distributed throughout the world, being in
dependent of race and other factors which can be analyzed at present (see ERIKSON; 
GuTTMACHER, 1953; BuLMER ; GITTELSOHN). The reason for this uniform fre
quency of monozygous pregnancies is not known. Only one animal, the armadillo, 
has an apparently genetic tendency for uniovular littering but it is unknown 
whether this late splitting (see NEWMAN 1917; ENDERS) comes about because of 
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Fig. 142. Diagrammatic representatlon of the major types of twin placentas fo und wlth monozygous twins. Inter
mediate stages, e. g. amnionic pllca, various types of vascular shunts and yolk sacs should be considered in addition. 

innate properties of the blastocyst or because of a peculiar uterine environment. 
STOCKARD (1921 B) considered the latter to be the case because of his ability to 
produce double individuals in fish by arresting early development temporarily. 
Sinillar results were obtained by WITSCHI in overripe frog eggs. Ifwe then consider 
that monozygous twinning may result from an environmental insult of some sort, 
it may also be justified to infer from the uniform distribution of monozygous twins 
in the world that the insult occurs at random. At various tin1es of early embryonie 
development such a "twinning impetus" would result in different types of twins 
and placentas but because it is random these types will be relatively constant. 
In Figure 143 we have charted the events of early embryonie development as 
they have been found to take place in the classic studies of Hertig & Rock as 
summarized by HERTIG, RocK & ADAMS. A random effective twinning impetus 
would result in types of placentas as indicated at the bottom of this diagram. 
It emerges that the actual ratio of diamnionic monochorionic (70) to diamnionic 
dichorionic monozygous twin placentas (30) is very similar tothat expected from 
this table (see also VouTE). Moreover, an amnionic plica might be expected when 
the impetus occurred at the very movement of amniogenesis and, similarly, a bi
partite yolk sac (Fig. 140) would be expected in some monoamnionic twins. There 
is one major discrepancy, namely far more monoamnionic and conjoined twins 
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would be expected if these assumptions were completely valid. The reason for 
their absence may be twofold: 1) there is an even greater and unrecognized loss 
of this group in abortuses or, more likely 2) the twinning impetus needs to be 
much stronger in later stages of development than earlier, in ordertobe effective. 
v. VERSCHUER (1927) cites in this connection: "ScHWALBE ist schon 1907 so weit 
gegangen, eine vollständige Reihe aufzustellen von den eineügen Zwillingen, ja 
sogar von den zweieügen Zwillingen an bis zur Mißgeburt", a contention which 
we can readily follow. CoRNER also emphasizes the need to consider the process a 
continuum rather than to classify twin placentation rigidly into separate groups. 
He also urges that many more embryologic specimens are needed to fill in the 
gaps in our knowledge. This is particularly important if we are to understand the 
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Fig. 143. Diagrammatic representation of embryonie events plotted with ovulation age. A random twin Impetus 
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mechanism by which the various types of placental vascular anastomoses are 
formed in monochorionic twins and why they seem to be less common in those 
twins, formed the latest, the conjoined twins (WENNER). Perhaps the latter is 
analogous to the late splitting and placentation of the armadillo. These thoughts 
arefurther confirmed by the gradually increasing frequency of lateral asymmetry 
as the time scale of twinning is advanced (see v. VERSCHUER 1927; KEELER; 
NEWMAN 1931; PRICE; but also WAARDENBURG). 

These considerations may or may not be valid. In any case, they apply only 
to what may be termed the normal events, although STRUPLER, among others, 
has pointed out that twinning may be an abnormality per se. The possibility of 
unequal division as expressed by LunwiG, abnormal mechanism of fertilization 
(see MIJSBERG; ZuELZER et al., among others) and fusion of blastocysts (see KLEIN
WÄCHTER for old literature; Amn; MINTZ for recent work) must be bornein mind 
when future studies of this complex problern are undertaken. 
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Outlook of Study on Twin Placentation 

From the nature of the relationship between the two halves of a twin placenta 
then it may be possible to deduce many prenatal events. It gives a clue as to the time 
of origin of monozygous twinning and allows deductions about the adverse effects of 
mutual circulation. From the gross morphologic features it may be possible to extra
polate about the expansion phase of the placenta and whether competition for space 
adversely affected one twin or the other. Further inquiry into inflammatory proceSBeB 
of fetal sacs may aid in the understanding of prenatal infection, and chromosome 
studies of selected cases will ultimately allow us to make some definite deductions 
about the origin and interrelationship of individual structures of the placenta in 
mosaic monozygous individuals. Thus, the meticulous and knowledgeable study of 
placentas from multiple births and abortuses of this kind becomes very important. 
At the same time, it cannot be stressed enough that adequate recording of these data 
and explanation of findings to parents and ultimately the twins themselves constitutes 
a sine qua non for the attending physician. 
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VI. Cellular Exchange Between Mother and Fetus 

Intervillous Thrombosis. Tumor metastasis 

It is now difficult to understand that, as recently as a century ago, a most 
active controversy raged in the pertinent scientific literature as to whether or not 
the matemal and fetal placental circulations are separate. The searching essay of 
v. BAER discusses this problern in great detail, for man and some other species. 
v. BAER comes to the tentative conclusion that indeed there is no confl.uence of 
circulations, a concept which from then on became the predominant view (see 
historical review by DE WITT). While this has now been proved in many different 
ways, more recent studies have shown that this barrier, separating matemal from 
fetal circulations for cellular elements, may be discontinuous at times, circum
stances which may have grave sequelae for both mother and child. 

Fetal to maternal red cell transfer 

This renewal ofinterest begins with the studies ofLEVINE, KATZIN & BURNHAM 
who suggested that matemal immunization to fetal Rh-antigens can only be 
explained by assuming "that fetal blood, in one form or other, penetrates the 
villus in sufficient quantity to induce immunization of the mother". This concept 
has since been proven beyond doubt, argument remaining how physiological such 
transfer is, how frequently and when during pregnancy it occurs, and what the 
nature and cause of the villous discontinuities are which allow such transfer. 
Arbitrarily, one may distinguish two types of transplacental (fetal to matemal) 
transfer of blood; that which can only be detected by specific techniques designed 
to uncover small numbers of foreign red cells, and that which is so massive as to 
cause a posthemorrhagic fetal anemia of clinical consequence. The latter is much 
less frequent but also more readily identified and indeed, it served as the first 
indication in support of the hypothesis of matemal immunization. WIENER ruled 
out the usual causes of fetal hemorrhage (vasa praevia, placenta praevia) in the 
second case he described and suggested that the neonatal anemia (6.5 g Hgb) of 
an otherwise normal term baby must have been due to occult prenatal hemorrhage. 
Many cases have been reported since then in which the fetal anemia could be 
explained conclusively by finding large quantities of fetal red blood cells in the 
matemal circulation. At times, the bleeding was instrumental in causing matemal 
isoimmunization (CHOWN 1954, GUNSON), at others it caused what appeared 
clinically tobe a transfusion reaction in the mother (CHOWN, 1954, 1955; GooDALL 
et al.). The subject has been reviewed in detail by FINN, HARPER, STALLINGS 
& KREVANS. 

Additional reports of massive fetal transplacental bleeding that have not been 
cited in this review are those by MrrCHELL et al. (3 of 9 cases from vasa praevia, 
3 from velamentous vessels other than vasa praevia, 1 injury from Drew-Smythe 
catheter, 2 occult); BoRUM et al. (2 cases with normal placenta); GRIMES & WRIGHT 
(review of 15 previous cases; 1 case with normal placenta); FYNAUT (review; lit.); 
MANNHERZ (1 case, brown surface of"meaty" placenta; addt'l.lit.); SAMET & BowMAN 
(case with severe matemal transfusion reaction); RunoLPH et al. (stillborn, increased 
hematopoiesis, liver necrosis; placental intervillous hematoma); PARos (I case with 
extensive hematopoiesis, calculated loss of 400 ml fetal blood, apparently normal pla
centa); DESBUQUOIS et al. (1 case, normal placenta, additionalliterature); NAEYE et al. 
(stillborn with widespread ischemic necroses, apparently normal placenta); WEISERT & 
MARSTRANDER (anemia, generalized edema). 
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In a majority of the cases reported, no placental lesion was found, thus 
supporting WIENER's statement: "The main objection to this concept (the leakage 
from a defect) is the difficulty of demonstrating such postulated placental defects 
in pathologic specimens". There are a few notable exceptions, however, and the 
lesions described in these should serve as a stimulus for future careful study of 
placentas in such cases. In the first weil substantiated cases of massive trans
placental hemorrhage, CHOWN (1954, 1955) found lesions in the two placentas 
that were studied ofhis three cases and they areweil depicted in his second report. 
In one there was a large (2.7 cm) spherical cystic cavity in which many nucleated 
red blood ceils were seen and the author suggests that ail the lost fetal blood had 
been contained within this large intraplacental ( 1 intervillous) hematoma. 
Degenerative changes were lacking in the adjacent villi. In his other case, the 
umbilical cord contained only one artery and the careful examination is presented 
in exceilent description and photography of this specimen. In the center of the 
placenta, on the maternal surface and central in a cotyledon, a 0.7 X 0.3 cm 
excavated defect was found with evidence of adjacent old hemorrhage, including 
nucleated red blood ceils. This was an erythroblastotic infant, the mother ex
perienced a "transfusion reaction" during the presumed episode of fetal hemor
rhage. In his first case, the patient described abdominal pain without bleeding at 
8Y2 months, representing the symptoms of fetal to maternal hemorrhage. There 
is little doubt that these defects were in fact the sites of hemorrhage but it is 
unknown what was their ultimate cause. In the cases reported by APLEY et al. 
and MITCHELL et al., injury from a Drew.Smythe catheter, used to induce Iabor, 
could be considered as being responsible. PEARSON & DIAMOND observed an 
apparently spontaneaus placental hemorrhage in which the placenta showed an 
area of retroplacental depression from blood clot and BENSON et al. seem to assume 
that in their case the subsequent (4 months) development of a postparturn 
choriocarcinoma was causaily related to the massive fetal hemorrhage. However, 
there is no description of the placenta to show the presence of a choriocarcinoma 
at that time and to say that this tumor has invasive properties seems insufficient 
evidence to link these two events. Nucleated red blood cells in the intervillous 
space were shown by SHILLER in his case of neonatal shock from transplacental 
hemorrhage and a large retroplacental clot was seen on gross examination. In 
most cases though, a distinct placental lesion to account for the often massive 
occult fetal hemorrhage, such as may be demonstrated for instance in torn vasa 
previa, etc. (WICKSTER; others) has not been found. The observation of apparently 
frequent transplacental blood loss of smailer degrees during pregnancy and its 
important possible consequence, maternal isoimmunization, place considerable 
urgency on the recognition of the site of such exchange and its possible prevention. 
It is necessary to learn whether this bleeding constitutes a "physiologic" event or 
whether specific diseases, medications or trauma bear a relationship to its occur
rence. In this respect, a searching inquiry into the present state of knowledge 
regarding the pathologic findings in the placenta is warranted. WENTWORTH has 
recently undertaken a careful study which seeks to explain the mechanism of 
fetal-maternal bleeding. In 50 cases this author employs a new large sections 
technique similar to that used in pulmonary pathologic studies and correlates the 
findings with the presence of fetal red ceils in the maternal blood. The only lesion 
identified to have a striking association with such hemorrhages into the maternal 
circulation was the presence of numerous fresh lakes of blood within the centers 
of cotyledons. Cases with more numerous such hematomas had a high frequency 
of fetal red ceils in maternal blood and there were virtually no exceptions to this. 
The author reviews previous reports and refers to KLINE's original observations 
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in this respect. For future studies of this phenomenon it appears that bis method 
of studying the placenta has considerable merits. 

The presence of fetal red blood cells in the matemal circulation during or 
shortly after pregnancy can be demonstrated in a certain percentage of women 
by a variety of means. The older method of :finding fetal hemoglobin has been 
largely discarded as being too crude and often too nonspeci:fic. Indeed, the content 
of fetal hemoglobin has been found increased on occasion in the blood of pregnant 
women with a hydatidiform mole in which there is little or no fetal blood present 
in the conceptus (BROMBERG et al.). Instead, the method suggested by KLEI
HAUER, BRAUN & BETKE and modi:fied subsequently by numerous authors, is 
used. It rests on the differential elution from the red cells of matemal hemoglobin 
with special buffer solutions, the fetal red blood cells remaining deeply colared 
because of their different hemoglobin. ScHNEIDER & LunwiG have recently 
presented a method allowing the detection of minimal quantities (0.001-1 %) of 
fetal blood in the matemal blood and FINN et al. (1963) discuss all other possible 
methods useful in this context. In a recent publication, KLEIHAUER & BRANDT 
estimate the length of survival (70--80 days) of fetal red cells in the postparturn 
matemal blood in 18 cases of fetal- to-maternal hemorrhage of an average amount 
of 250 ml fetal blood. They draw attention to the fact that neonatal anemias can 
be explained as late as 4--6 wks. postparturn by suitable studies. CoHEN & 
ZuELZER find excellent agreement between the "Kleihauer technique" and the 
immunoßuorescent system they employ. 

The variability of the incidence :figures of fetal red cells in matemal blood 
reported in numerous studies in the literature must be related to the technique 
employed, the blood group compatibility as weil as the gestational age and the 
matemal and obstetric complications attending the pregnancies. For the purposes 
of this presentation, the actual frequencies are immaterial, they are reviewed by 
FINN et al., ZIPURSKY et al. 1963a, and FREESE & TITEL who also present their 
own findings and compare them critically with other reports in the literature. 
The latter authors find an admixture of fetal cells in matemal blood in approxi
mately 44% of patients studied antepartum and 57% studied postpartum. They 
indicate that fetal cells in the matemal circulation may be detected as early as in 
the second month of pregnancy. All authors are agreed that manual removal of 
the placental and other surgical procedures (disturbances at the "choriodecidual 
junction") increase the exchange substantially. DooLITTLE, seeking the nature of 
placentallesions, has studied the integrity of the fetal vascular bed by injecting 
air into the umbilical vein of placentas submerged in water immediately post
parturn and employing controlled injection pressures. Bubbling was observed 
commonly under the chorionic plate in 23% when physiologic pressures were 
employed and more frequently when cord traction had been used to deliver the 
placenta. He suggests that the placental blood be allowed to escape from the cord 
after delivery of the babyrather than tying the placental end in order to prevent 
transfer. BROWN :finds about 50% postparturn matemal contamination with 
fetal cells but in only 9 of her 83 positive cases (of 165 total) the amounts werein 
excess of 0.002% of total red cells. She found some (expected) correlation with 
!arger placentas but none with calci:fication or infarction. The exact quantitation 
of such hemorrhages and its correlation with matemal isoantibody levels are 
important in attempts at correlating the "bleeds" with the time of matemal 
isoimmunization (Rh) and its possible prevention by immunological means (see 
FINN et al. 1961, 1963 and ÜLARKE et al.). Moreover, the prevention of accidental 
and traumatic contamination by catheters, as described previously, or during 
amniocentesis (ZIPURSKY et al. 1963b; see also Editorial, same issue p. 501; 
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QuEEN AN & ADAMS) should be achieved by gaining knowledge ofthe location ofthe 
placenta by placentography (see HIBBARD; FINN & DuRKIN}. On the other hand, 
it has now been shown that massive and traumatte hemorrhages are not the usual 
cause of Rh sensitization. Rather, repetitive small fetal red cell transfers are 
apparently common in early pregnancy and may account for a majority of women 
sensitized during first or second pregnancy (see CoHEN & ZUELZER; ZIPURSKY 
et al., others). The apparently protective effect of ABO incompatibility on the 
development of Rh isoimmunization is borne out in these studies concerned with 
fetal to maternal hemorrhage. Most authors fail to find fetal cells in maternal 
blood in the face of ABO incompatibility or only very small numbers which then 
disappear rapidly (FRASER & RAPER; ZIPURSKY et al. 1963a). Only CoHEN 
& ZUELZER find (transitory) Rh.isoantibodies in 2 of 8 ABO heterospecific preg
nancies. ZILLIACUS demonstrates agglutinated incompatible fetal red cells in the 
maternal circulation and reviews the Iiterature pertinent to this finding. JAVERT 
& REISS present conclusive evidence that, at least at times, such extravasated 
fetal erythrocytes may be the principal source of interviilaus thrombi or, as they 
prefer to cail these lesions, interviilaus coagulation hematomas. 

Interviiions thrombosis 

At this point, a discussion of the nature of interviilaus thrombi and fibrin 
deposits is most suitable because, if these lesions have any real significance in fetal 
development, it is because of their possible association with maternal isoimmuni
zation and fetal erythroblastosis. 

The subject of fibrin deposition and interviilaus thrombosis has been reviewed 
critically by Fox recently, who rejects the term "white infarct", so frequently 
used in the Iiterature since RoHR. In the true sense of the word, these lesions do 
not represent infarcts but rather, they are thromboses or, in some instances when 
hemorrhage occurred into septa or preexisting infarcts, they are to be considered 
hematomas (ZEEK & AssALI). We are in agreement with Fox who considers 
several reasonably distinct morphologic entities: The subchorionic plaque-like 
fibrin deposits; the central interviilaus thromboses; the basal interviilaus throm
boses and the fibrin encasement of villi. Additionallesions which may be mentioned 
in this context but with presumably different etiologic mechanism still, are the 
decidual hematomas and true placental (red to yeilow) infarcts. ÜARTER et al. 
suggest the term "divergent villous lesions" for interviilaus thromboses and 
summarize all of the previously used terminology. 

Subchorionic fibrin plaques are found in 15% of normal pregnancies (Fox) 
and they are considered innocuous lesions, presumably arising because of the 
eddying of maternal blood in the subchorial Iake. The fibrin which normally 
surrounds the villi in this region is here deposited in laminated, grossly visible 
amounts, at times in impressive quantities (Fig. 144). The traphoblast which 
covers the viili in this region, then degenerates but the villi proper do not become 
necrotic. Perhaps they become more fibrotic. 

Of greater interest are the intervillous thromboses, particularly because of the 
continuing argument whether the blood which makes up these lesions derives 
from the fetal or from the maternal circulation. Moreover, the genesis of the 
interviilaus thrombi is still in dispute. On gross examination, a majority of 
thrombi is located in the central portion of the placenta and fewer typicallesions 
of this nature are seen on the maternal surface. They may occur singly or as 
multiple lesions. HuBER et al. have described as many as 20 separate intervillous 
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thrombi in a single placenta. They vary in size from a few millimeters to several 
centimeters in diameter, however, their usual width is 1-2 cm. A fresh inter
villous thrombosis is dark red, and parallellayers of laminated fibrin are usually 

Fig. 144. Cross sections ofplacenta with extensive Iaminated interviilaus thrombosis in the subchoriallake (white). 
While this is usually an innocuous process, here it was associated with matemal floor infarction and stillbirth of 

premature fetus. 

Fig. 145. Fresh interviilaus thrombosis in its usuallocation. Through the darkred coagulum span layers of flbrin. 
on the right. Floor of placenta is normal. 

visible on gross and microscopic examination within their center (Figs. 145, 146, 
149). Because of their tendency to push aside the normal villous tissue, CARTER 
et al. have described intervillous thromboses as "divergent villous lesions" and 
as such they are readily distinguished from infarcts, angiomas, etc. Within days 
of their formation, the red blood cells lyse, the center becomes brown and there
after, only white, layered fibrin remains of the original thrombus. It is in the later 
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stages of their development that the adjacent villi atrophy, their traphoblast 
cover dies and they become enmeshed in fibrin (Figs. 146, 147). Curiously, no 
"organization" in the pathologist's senseever takes place (Fox) which may relate 

Fig. 146. Older interviilaus thrombosis, composed of granular protein (lysed red c ells and fibrin) with marginal 
zone of dead (infarcted) villi which are e ncased in more recent fibrin deposits. No " organization" takes place. 

Immature placenta, floor beiow (H & :~<: x 10). 

to the fact that the placenta apparently lacks the ability to produce granulation 
tissue (DuNN). KLINE (1948) has disagreed with this view and assumes that true 
villous adhesions may form through the agency of granulation tissue. Newer 
studies, however, prove to our satisfaction that there are neither intervillous 
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capiilary anastomoses (CRA WFORD; ARTS) nor actual growing together as KLINE 
envisions it. During the process of lysis of red cells in interviilaus thromboses, 
one finds frequently hematoidin, hemosiderin, and macrophages which have 

Fig. 147. Margin ofold intervillons thrombus (right) showing fibrin encasement ofadjacent villi with atrophy and 
death of trophoblast toward the thrombus. No granulation tissue (H & E x 160). 

engulfed red blood cells (Fig. 148). An apparently unrelated phenomenon was the 
presence of numerous plasma cells within dying villi surrounding an intervillous 
thrombus. These were thought to be due to the exposure of fetal tissues to 
maternal antigens (BENIRSCHKE & BouRNE). However, in view of the presence 
of villous plasma cells in cases of transplacental infections with viruses, etc., this 
conjecture cannot be su pported any Ionger although such agents could not be 
detected in this case and the plasma cells were confined to this focu& of inter
viilaus thrombosis. 

As has been stated, intervillous thromboses are more commonly found in the 
central portions of the placenta and Fox considers it necessary toseparate those 
which are located on the matemal surface as representing a separate entity. 
Possibly the latter have a different etiology, namely decidual vascular disturb
ances. In the thromboses which occur near the matemal floor of the placenta, 
the lesion may be so intimately associated with lesions of matemal vessels that it 
is difficult to deny their matemal origin. HuBER, CARTER & VELLIOS, who consider 
the primary matemal blood coagulation unquestionable in the mechanism of 
interviilaus thrombosis, show a photomicrograph in which the thrombus appears 
to sprout from a decidual vessel and they state that, in some such cases, matemal 
decidual vein thrombi can be seen (Fig. 149). 
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The frequency of intervillous thromboses has been given by many authors. Foxpoints 
out that he studied only entirely normal pregnancies and finds 12% of placentas to 
contain central intervillous thrombi and another 6% had basal thrombi. JAvERT & 
REISS report intervillous thromboses in 1- 10% of abortions, in 24% of delivered and 
otherwise normal placentas, in 41% 
of placentas in toxemic pregnancies 
and in 79% when erythroblastosis fe
talis complicates pregnancy. CARTER 
et al. find central thromboses in over 
half of their placentas (238 of 400) 
and a similar number in the subcho
rial space (225 of 400). About one 
half of these placentas had more than 
one thrombosis and, in their view, ed
dying of maternal blood currents is 
the etiologic mechanism. The great 
divergence of incidence figures reftects 
the type of pregnancies studied. Fox 
examined only normal material, while 
other authors reviewed consecutive 
deliveries or random samples. It ap
pears that the only positive correlation 
of intervillous thrombosis exists with 
erythroblastosis fetalis; perhaps there 
is a relationship to toxemia of preg
nancy. 

The pathogenesis of intervillous 
thrombi is in dispute and as many 
reports fa voring the fetal origin of 
the clot can be cited as those which 
incriminate the maternal circula
tion. For a recent review see Fox. 
JAvERT & REISS concluded that in 
48.7% of their cases of intervillous 
thrombosis in erythroblastotic pla
centas, nucleated red blood cells 
were present in the coagula and in 
8% of those without erythroblasto
sis. Because of this histologic fin
ding and their statistical associati
ons derived from a large material, 
they feel that fetal bleeding causes 
the coagula. PoTTER had previously 
rejected Javert's earlier reports on 
the same phenomenon and suggests 
that some of the nucleated cells 
have mistakenly been interpreted 
as red blood cells, while they ac
tually represented lymphocytes, par
taking in the frequent marginal 
leukocytic response of such lesions. 
KLEBS had previously observed 
similar cells and he also interpreted 
them to be lymphocytes. PoTTER 

Fig. 148. Macrophage with erythrocytophagocytosis at 
edge of established intervillous thrombosis (H & E x 400). 

Fig. 149. Layered fibrin in basal type of intervillous 
thrombus, associated with decidual necrosis and throm

bosis of decidual vein; absence of true infarction. 

presents a study of 56 intervillous thrombi (found in 1,660 placentas;incidence 
3.6%; 4 excluded because of degenerative changes) in which ABO blood types 
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were determ.ined of mother, infant and thrombus. These data are summarized 
in the following table: 

Table VI., from PoTTER (1948): Blood groups in 56 intervillous thrombi. 

Number Thrombus Infant Mother 

22 0 0 0 
20 A A A 
2 B B B 
5 A 0 A 
2 B A B 
2 0 B 0 
2 A B A 
1 0 A 0 

From these data, PoTTER concludes that in 44 cases the blood groups of fetus 
and mother are the same and no decision can be reached regarding the origin 
of the thrombi. In the twelve others, however, none of the thrombi was of the 
same blood group as the baby. This proves to her satisfaction the matemal 
derivation of the blood in the coagulum. JAVERT & REISSand KLINE reject this 
finding on grounds that the blood of the thrombus was unsuitable for typing 
because of degenerative changes and PoTTER gives no data in her paper as to how 
the typing of the thrombi was perform.ed. There is no question that matemal 
blood would be interspersed in such thrombi, even if they were initially of fetal 
origin, since the event takes place in the intervillous space, i. e. the matemal 
circulation. It is quite possible then that existing matemal isoagglutinins would 
react in all of the four categories (Table VI.) with the fetal blood andrender them 
agglutinated. Whether such agglutinates could be detected by PoTTER's procedure 
is speculative. There remain 5 cases though in which possibly the group A mothers 
had no agglutinins against their group 0 babies, a small proportion of the group 
from which to draw categorical conclusions. Clearly, similar studies with more 
discriminating modern techniques are in order to sort out the discrepancies. 
Particularly needed now are studies which would be capable of detecting possibly 
lysed fetal cells, of which there must be some, as the villous surfaces adjacent to 
such coagula are very frequently eroded. Fox reaches similar conclusions and 
presents evidence that nucleated red cells occur in intervillous thrombi. He be
lieves that a small number of fetal red blood cells may initiate the coagulum which 
is subsequently composed primarily of matemal blood. Fig. 150 shows the margin 
of an intervillous thrombus in the placenta of an erythroblastotic fetus in support 
of this notion. Nucleated red blood cells are seen both in the thrombus and in the 
fetal vessels. In the absence of such marker cells it would probably be difficult 
to reach a conclusion regarding the origin of the thrombus and the problern 
becomes even more complex when lysis has taken place in the substance of the 
coagulum. 

If fetal hemorrhages then may be the cause of some intervillous thrombi-and 
Fox separates those near the placental floor as related to decidual fibrin deposits 
and vascular lesions (see the original description of RoHRand the contributions 
by HUBER et al. & MARAIS)-why should such hemorrhages occur so frequently1 
The same question has been asked as to the causes of the clinically recognized 
fetal to matemal hemorrhages, massive or occult, with resulting fetal anemia 
or matemal isoimmunization. In established lesions, it is difficult to be certain 
that the villous erosions found so frequently adjacent to hematomas (Fig. 146) 
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are the cause of fetal hemorrhage; they may be the result of local anoxia and we 
favor this view because of their concentric arrangement around the thrombi. 
KLINE (1948) expressed bis opinion to the effect that breaks in the villous surface 
are the primary lesions. These occur frequently and they are "healed" by fibrin 
deposits, "blobs" as Fox calls them (Fig. 151). Fox finds these defects invariably 
over the thinned-out bulges ofthe fetal capillaries, the "emphysema ofthe vascular 
syncytial membrane", as GETZOWA & SADOWSKY describe this area. These views 
arenot well substantiated as yet but no real alternatives are available. It is also 
uncertain whether the normal fibrin deposits of maturing placentas should be 
considered of the same origin or related to aging. As stated, KLINE (1948) des
cribes numerous "breaks" in the surface of villi and degenerating trophoblast, 
covered with fibrin and agglutinated red bloodcells, particularly in erythroblastosis 
fetalis. In his view, all fibrin deposits (Fig. 151) ultimately stem from fetal hemorr-

Fig. 150. Edge of recent intervillous thrombus in case of erythroblastosis fetalis. Erythroblasts are present both, 
in the villous vessels andin the thrombus (H & E x 400). 

hages and ( !) can be related to fetal vascular occlusions with subsequent villous 
surface necrosis. While we cannot agree with this concept, in bis later paper, 
KLINE (1951) gives a briefreview ofprevious Iiterature on placental fibrin deposits 
and reiterates the undoubtedly correct earlier description of nucleated red blood 
cells in the hematomas of two cases of erythroblastosis. SHANKLIN, who favors the 
concept of wholly maternal contribution to the thrombi, bases bis view partly 
on the probably incorrect notion of aneurysmal intervillous spaces ("Iake"). 
We prefer to Iook at the normal intervillous space in the light of HöRMANN's 
description as a capillary space, so well demonstrated in rapidly frozen and 
sectioned placentas by BECKER. At the same time, HöRMANN defends the maternal 
nature of intervillous hematomas, quoting Montgomery in support and refuting 
statements of Hinseimann and Steigrad who feel that they are derived from fetal 
hemorrhage and want them to be strictly separated from retroplacental hemorr
hage. Other authors (Vermelin & Braye; Thomsen; Bartholomew) are also 
quotedas supporting the latter position and, in view of HöRMANN's demonstration 
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of a fetal "Kollapsanämie" with "bleeding" into enormously dilated villous 
vessels (his Figs. 16, 17}, it is surprising that he cannot assume that rupture of 
such vessels may take place with formation ofintervillous thrombi. Later (p. 334}, 
he rejects findings of what we consider proven, namely the occurrence of sensitizing 
fetal red cells in the matemal circulation and the demonstration of microscopic 

Fig. 151. Srnall llbrin deposit on rnain stern viiins in area of trophoblast defect. The llbrin contains a central 
deposit of calciurn but shows no evidence of organization and underlying villous tlssue is entirely normal with 

patent fetal vessels (H & E x 200). 

villous defects, shown by NAESLUND & AREN in serial sections. Also, the fetal 
vascular "hemiations" of villi described by THOMSEN; GETZOWA & SADOWSKY 
and others are not considered to be valid concepts. These questions are also 
discussed in detail by MANNHERZ who quotes Bickenbach & Kivel and other 
investigators a& having demonstrated fetal cells in the intervillous space. ÜEHLERT 
et al. find fetal hemoglobin (above 5%) in retroplacental clots in 29 of 93 cases 
and review the literature. 

In summary then, it appears that some intervillous thromboses contain fetal 
red blood cells; indeed, these may be the initial cause of coagulation. The major 
component of the central intervillous thromboses, however, is maternal blood. 
Perhaps, the basal intervillous thrombi are composed only of matemal blood. In 
pathologic circumstances in which there is no functional fetal circulation (BREUS' 
mole; hydatidiform mole }, the thrombi must be wholly composed of matemal blood 
Two events stand out as being most likely the original changes leading to fetal-to
matemal bleeding episodes and central intervillous thromboses: local villous 
capillary düatation with rupture at one point or another on this enormous surface, 
and focal ischemia due to eddying or other intervillous vascular disturbances. The 
additional factor oftrauma during operative intervention must also be considered. 
It is not surprising that even a careful pathologic study may not detect the site 
of the fetal hemorrhage or its ultimate cause, and if the occasional deportation 
of whole villi to the Jung of the mother can be regarded as securely established 
(BARDAWIL & Tov), then it should not be surprising that much smaller placental 
defects, such as needed for the escape ofless than a ml offetal blood, takes place fre
quentlyin this vascular organ. 
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Related to the topic of 
intervillous thrombosis is the 
pathogenesis of BREUs' mole 
or, as BREUS called it, the 
tuberous subchorial hema
toma. As described by BREUS 

and reaffirmed by subsequent 
authors (reviewed by LINTH

WAITE), this condition is seen 
almost exclusively in "missed 
abortions", i. e. pregnancies 
near or beyond the expected 
term but producing only a 
diminutive placenta, often 
with a minute macerated em
bryo. The entire surface of 
the placenta, even the chorion 
laeve, may show numerous 
round, protruding masses 
(Fig. 152) which, at times, 
occlude the fetal cavity. In 
earlier abortions, the sub
chorionic hematoma may be 
seen singly (Fig. 153). LINTH

w AlTE presents evidence of 
persisting gonadotropin pro
duction by such placentas, the 

Fig. 152. Missed abortion, typical BREUS' mole or placenta with 
subchorionic tuberous hemat.omas. Numerous bloodftlled, irregular, 

dark masses project into fetal cavity. No embryowas found. 

Fig. 153. "Missed abortion" at 6 months. One !arge subchorionic 
tuberaus hematoma to the right of Insertion of cord. 

fetus having died long before 
study. BREUS considered fe
tal death tobe the primary ev
ent, continued chorio-amnioni.c 
growth with reduced amnionic 
pressures leading to diverti
cula (impressively shown in 
his illustrations) which may 
then subsequently be filled 
with interviilaus blood. The 
Iack of blood in some such 
diverticula and their frequent 
narrow pedicles Iead him to 
this assumption. LINTHW AlTE, 

on the other hand, feels that 
the formation of the hema
tomas Ieads to compression 
fetal vessels which then in 
turn is the cause offetal death. 
In the absence of a fetal circu
lation, the hematomas are un
doubtedly of matemal origin 
and some authors have chosen 
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the designation mola aneurysmatica (lit. HöRMANN, p. 338). In our opinion, these 
lesions are to be likened to the single subchorionic hematomas of more mature 
placentas (Fig. 154) which are occasionally mistaken for twin sacs. The mechanism 
of their formation may relate to abnormal circulatory phenomena in the sub
chorial area which also partake in the accumulation of a certain amount of fibrin 
here in normal placentas during later stages of pregnancy (HUBER et al.; Fox). 

Fig. 154. Term placenta with sac-like subchorionic hematoma. On opening (right), the sac contained only layered 
flbrin and degenerating blood. It was continuous with the intervlllous space. 

It is possible that the protuberances are formed by the force of the maternal 
arterial jets which terminate in the region. There is little evidence of continued 
growth of the chorionic plate after fetal death as BRET.JS bad envisaged it. This 
was pointed out as early as 1897 by NEUMANN and reaffirmed later by v. FRANQUE 

and others. 

Transfer of Maternal Cells to the Fetus. Metastases 

There is various evidence that maternal cells traverse the placental barrier 
occasionally and gain access to the fetal circulation. This may occur under appa
rently physiologic circumstances as demonstrated for red blood cells or, in the 
case of disseminated maternal tumors, when metastases have involved villous 
tissue. Studies attempting to recover radioactively tagged cells, stained cells, 
elliptocytes and sickle cells in the fetal circulation after their injection into the 
maternal blood stream have given conflicting results. A recent complete review 
by SMITH et al. presents also their own observations that within 13 hours of 
injection of their sample, some 0.3 ml of maternal blood may transfer to the fetus 
in normal pregnancies. These authors consider extensively the possible physical 
phenomena underlying such exchange. They find no transfer if the patients remain 
supine after treatment, presumably because of the "constantly lower intervillous 
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space pressure". While transferwas so frequently observed in their studies, other 
authors found it to be absent and the discrepancies remain puzzling. Transfer of 
sickle cells was reported experimentally in three of twentyfive women with normal 
placentas (MAORIS et al.), while babies bom of mothers with this disease (and 
therefore much higher concentrations of sickle cells) have been found endowed 
with entirely normal cells (MAORIS et al.; WINSTON & MASTROIANNI). No specific 
lesions have been implicated in this transfer and the discussion of the site of 
transfer by SMITH et al. remains entirely speculative. In the most recent study 
of the subject, ZAROU et al. study the transfer of chromium 51 tagged matemal 
red blood cells and indicate that this method is the mostsensitive of all employed 
so far. 26% of their entirely normal pregnancies, terminated by vaginal or opera
tive delivery, showed matemal to fetal cell transfer. At times it was an impressive 
amount (13 ml) and it caused no sensitization of the fetus. These authors give a 
detailed consideration of the possible mode of transfer and find no lesions (in
farcts, hemorrhages as described by Hedenstedt & Naeslund) to account for this 
exchange. Because pressure gradients in the placenta are directed from fetal 
circulation toward the intervillous space, these authors consider the pos:sibility 
of an active transfer by pinocytosis. V OLKHEIMER, and VoLKREIMER & J OHN 
have studied the transfer of large particulate matter in experimental animals 
(guinea pig, dog) and conclude that purely mechanical phenomena are the basis 
for this exchange. Their results indicate that a pathologic lesion of the placenta 
need not necessarily be present to explain this permeability. CoHEN & ZUELZER 
used immunofiuorescence as the technique to demonstrate a few maternal cells 
in 3.6% of 82 newboms. Again, no sensitization tomatemal ABO blood groups 
was demonstrable. 

On very rare occasions, such "matemal-to-fetal transfusion" may apparently 
be the cause of neonatal plethora. MICHAEL & MAUER present three cases in which 
fetal plethora at birth was probably the result of transfusion from the mother 
before birth. Matemal cells or globulins, and less fetal hemoglobin than expected, 
could be demonstrated in the infants' bloods. The placentas did not appear 
abnormal although they were not specifically studied. It may be significant that 
in two case&, episodes of vaginal bleeding occurred before birth. In four such cases 
described by MuRALT et al. difficult labors were present in three and one had a 
premature separation of the placenta. Fetal hematocrit was high and the authors 
believe that the phenomenon may be more frequent than is currently thought. 

DESAI & CREGER find atabrine-labeled matemal leukocytes and platelets in 
six of nine babies' cord blood samples after injecting these cells into the matemal 
circulation. These studies were all performed at term and we believe the specula
tion is unwarranted that such cells may be responsible for the development of 
chimeras and graft vs. host reaction in the fetus, unless it could be shown that 
such transfer of white blood cells takes also place in the first trimester of pregnancy. 
There is now evidence of immunologic competence of the human fetus in the 
second half ofpregnancy (SILVERSTEIN & LUKESand others) and furthermore, the 
study of large numbers of human male bloods and marrows in a variety of condi
tions, in newboms and adults, has not shown chromosomally female cells, except 
in structurally deranged intersex states which must be explained differently. It 
is our opinion, therefore, that if matemal white blood cells were transferred 
regularly in the latter part of pregnancy, they would neither be "accepted" by the 
fetus nor proliferate in the newbom (see also review by SoLOMON & YoKOYAMA). 
A most important exception in this respect has recently been published by 
KADOWAKI et al. A 16 months old infant died with all the characteristics of the 
runting syndrome and apparently due to matemal to fetallymphocyte chimerism. 

Handbuch der pathologischen Anatomie VII/5 19 
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This was proven by chromosome studies (XX/XY) which did not extend to other 
tissues. Other pathologic findings were compatible with alymphocytosis and it is 
assumed that the fetal immunologic unresponsiveness was the reason for the 
successful transplacentallymphocyte "graft" from the mother. 
DESAI & CREGER also find the occasional multinucleated circulating giant cell 
and contemplate whether these could have absorbed the label and represent 
syncytial cells, in analogy to the report by SALVAGGIO, NmoGOSYAN & MACK. 
These authors found giant cells in 32 of 53 cord blood samples obtained at delivery, 
which, in their opinion, represent syncytium; decidua-like cells were seen in 
14 instances. In 25 newbom autopsies, traphoblast was seen in heart and liver. 
These observations have not yet been confirmed and only one picture (their 
Fig. 3) bears any similarity to syncytium. The claimed frequency of such transfer 
and the regular absence of such cells in our observations of placental sections and 
newbom autopsy material make us regard this finding as doubtful at present and 
certainly unrelated to the cases of metastic choriocarcinoma in the fetus. In this 
complication of pregnancy, invasive growth destroys villi, a property never seen 
in the normal placenta, as the discussor ofthe paper (Hellman) pointsout properly. 
IKLE has subsequently attempted to confirm the report of SALVAGGIO et al. 
While his method demonstrated syncytial cells readily in the matemal circula
tion, none were found in twelve specimens of umbilical venous blood. He inter
prets the questionable cells as megakaryocytes. BoYD & HAMILTON have consider
ed this aspect further. In serial sections of placentas, they demoostrate with 
convincing photographs the ingrowth of traphoblast into the villous stroma, 
"stromal trophoblastic buds" as they call these frequent masses of cells. Their 
outer layer is composed of cytotrophoblast and in the center is a, frequently 
degenerating, syncytial cell. Free syncytium is also found occasionally in veins 
of the placenta. For various pertinent reasons they suggest, however, that these 
buds could not represent the mechanism by which syncytium gains access to the 
fetal circulation, if the findings of SALVAGGIO et al. were confirmed. 

These reports relate directly to the possible transmission of hemopoietic cells 
from mother to fetus in cases of maternalleukemia. This subject has been reviewed 
recently by DIAMONDOPOULOS & HERTIG who find that of "approximately 400 
cases of pregnancy in association with leukemia or an allied disease, matemofetal 
transmission may have occurred in only 2 (Cramblett et al.,; Priesel & Winkel
bauer) and possibly in 4 more" (Berghinz; Chiari; Davis; Luetkens; all quoted by 
DIAMANDOPOULOS & HERTIG). None of their own cases (12 autopsies, 2 not stu
died, 34 survivors) had any evidence of disease and the placentas of 24 of 48 preg
nancies showed no conclusive evidence of fetal involvement. Their excellent pic
tures show masses of malignant cells in the intervillous space but only rarely are 
very doubtful cells found in villi which they regard as fetal. BIERMAN et al. studied 
the matemal and fetal bloods at birth in a patient with florid leukemia. The 
former contained 154,000 white blood cellsfcmm, the latter only 3,300 and without 
any evidence of leukemic elements. The implications of these findings regarding 
hematopoietins and viruses are discussed by these authors as well. Recent reviews 
by MoLONEY; BoRoNow; McGowAN; HENNESSY & RoTTING also indicate that 
matemal leukemia and disseminated Hodgkin's disease are not transmitted to 
the fetus. On the other hand, RIGBY et. al. employ the atabrine-label technique 
of DESAI & CREGER in a case of acute myelogenous leukemia and find occasional 
fluorescing cells in the fetal blood. Their identity with the matemalleukemic cells, 
however, may be questioned. Placentallesions were absent. 

Very few instances of disseminated fetal malignancy have been seen or were 
studied adequately. From the few case reports it appears that transplacental 
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metastases to the mother either do not occur or they are not detectable. The best 
studied examples are the rare neuroblastomas with demonstrated onset in fetallife. 
BIRNER reviews the Iiterature and presents a case of a macerated baby with a large 
neuroblastoma in liver and kidney. Interestingly, this baby was at first thought 
to have died from erythroblastosis and the edematous placenta weighed 1,240 g 
(fetus 3,925 g), was thick and contained several hematomas but no metastases. 
In Figure 155, a section of a placenta of one of the two similar cases reported by 

Fig. 155. Viiins iu stillboru with disseminated neuroblastoma. Many villous vessels contain clusters of tumor cells, 
occasioually assuming rosette-like configuration. No invasion of villous stroma (H & E x 400) . 

STRAUSS & DRISCOLL is shown. This stillborn also was thought to have had 
erythroblastosis at first, which was then ruled out by immunologic means. A large 
and widely metastatic adrenal neuroblastomawas found at autopsy. The edema
tous and large placenta contained numerous small tumor emboli but neither in
vasion into, nor rupture through villi was observed. In another case of an ap
parently erythroblastotic placenta, the macerated fetus must have bad leukemia. 
The placenta (courtesy Dr. E. V. Perrin) weighed 1,000 g was very pale and 
edematous and it was composed of uniformly enlarged villi. Microscopically, the 
fetal blood vessels and the villous stroma were packed with uniform white blood 
cells, presumably lymphocyte precursors (Fig. 156). These cells were definitely 
not erythroblasts and none were found in the maternal circulation. The mother 
bad a normal white blood cell count and there was no known blood group in
compatibility ; the severely macerated fetus was not autopsied. There were no 
villous discontinuities, no cells were present in the intervillous space and hemo
siderin, usually found in the chorion of fetuses with erythroblastosis, was absent. 
It appears to us that this must represent an unusual case of fetal (and placental) 
leukemia which did not traverse the placenta. 

19* 
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Of tbe metastatic placental tumors, arising in tbe motber, tbe melanoma bas 
attracted most attention, perbaps because it is tbe most frequent to metastasize 
to tbe placenta and, occasionally, to tbe fetus. Tbe literature bas been compiled 
by FREEDMAN & McMAHON wbo present a case witb placental metastases but in 
wbicb tbere was no involvement of tbe infant. De&pite tbe placentallesions, tbe 
babybad no melanuria at birtb, nor was tbe amniotic fluid so cbanged. Tbe tumor 
bad formed distinct dark masses in tbe dark gray placenta but it did not invade 

Fig. 156. Placenta of stillborn with fetalleukemia. All fetal blood vessels and the villous stroma are packed with 
leukemic cells. There ls no break in the villous surfaces and the intervillous space is devoid of the tumor cells. See 

text (Courtesy Dr. E. V. Perrin, H & E x 160). 

tbe villous tissue in many original sections. We believe, bowever, tbat otber 
material from tbe same placenta sbows definite villous invasion (Fig. 157) and 
large numbers of beavily melanin-pigmented Hofbauer cells are seen in the im
mediate vicinity of those nodules . (This melanin deposition bears no relationship 
to tbat described by IsHIZAKI & BELTER, a finding which has still to be confirmed. 
These authors employed various special stains and found in a large proportion of 
routinely studied placentas a pigment wbich they consider to represent melanin. 
Tbis material was prominent in Hofbauer cells, in fibrinandin areas of calcification 
and was apparently related to chronic skin lesions of the mother.) Of 16 tumors 
reviewed by FREEDMAN & McMAHON as baving metastasized to the placenta, 
the largest nurober (7) were melanomas. In three of tbese, fetal metastases were 
demonstrated (GoTTON & GERTLER: fetus had a tumor mass, no autopsy; HoL
LAND wbo presents excellent photograpbs; DARGEON et al.). A more recent case 
lacks placental study but tbe motber and infant botb seem to have bad melano
matous metastases (CAVELL). Anotber instance of placental and fetal metastases 
from a melanoma has been documented by BRODSKY and his collaborators. 
Despite attempts of an immunological treatment of the newborn, the tumor 
spread rapidly. 
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Other matemal tumors with placental metastases reported are the following: 
sarcoma of the thigh (WALZ), adrenal carcinoma (GRAY et al.) carcinomas of ethmoid 
and stomach (BENDER), carcinoma of breast (CRoss et al., RoSEMOND), carcinoma of 
the bronchus (BARR), ovarian carcinoma (HoRNER). Despite the repeated invasion of 
villous tissue (reviewed by HoRNER and also BoRoNow), none of these children had 
metastases. The only exception is FRIEDREICH's case (cancer of liver) in which the 
placenta was not studied. 

Fig. 157. Term placenta ofpatient with wetastatic malignant melanoma. Darkly pigmented tumor nodule invades 
villus (top; H & E x 160). At the edge of villous invasion (left bottom) melanin is spilled and phagocytized by 

Hofbauer cells at some distance (arrows) (H & E x 400). (Courtesy Drs. FREEDMAN & MCMAHON). 

We bave seen a placenta with intervillous metastases of a carcinoma of the 
breast without villous invasion and with a normal child (Fig. 158). The case 
supports BoRoNow's point that intervillous tumor growth is more frequent and 
presumably less important than if villi have been infiltrated by the tumor. CRoss 
et al. reject the term placental metastasis in their excellent review and wish to 
supplant it by placental "transplant". In so doing, they draw attention to the 
fact that if villi are invaded, the immunologic consequences may di:ffer appreciably 
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from ordinary tumor metastases. Possibly, this difference accounts for the few 
"takes" in the fetuses despite the frequently observed villous invasion. Thc 
variables which may govern tumor dissemination in the fetus have been discussed 
by BoRONOW. They include dissociability of cells, rapidity of growth, age of 
gestation and, among others, the currently popular immunologic aspects. Some 
of these factors have been studied experimentally, as BoRONOW points out, and 
the complexity is far from being understood. Even in the most "favorable" tumor 
in this respect, the melanoma, fetal complications are rare as PACK & ScHAR
NAGEL in their review of 17 patients with malignant melanoma during pregnancy 
and normal children have shown. As yet too little evidence of fetal immunologic 
competence in man has accumulated which might allow one to accept fully 

Fig. 158. Metastatic carcinoma from the breast growing within intervillous space. There is no unequivocal invasion 
of villi. (H & E X 40, X 160). 

ÜAVELL's conjecture that the "takes" were so accepted because of the fetus' 
development of immunologic tolerance of maternal tumor antigen. The most sug
gestive case in this respect is that of ARONSON: A 27 yr. old mother died 4 days 
postparturn with metastatic melanoma. The full-term baby developed bluish 
nodules in the temporal regions, thigh and legs as weil as radiographic opacities 
in the lung. There was no melanuria, however, needle biopsy of one lesion showed 
melanin pigmented material and necrotic debris. No viable tumor tissue was seen 
and the lesions disappeared without treatment. At 16 months of age the child 
appeared normal, the probably previously existing melanoma "transplants" hav
ing disappeared. Unfortunately, the study of this placenta is not reported. Here 
then, immunologic rejection seems a possibility but present evidence, as indicated 
previously, e.uggests that fetal immunologic competence develops before midge
station, earlier than most congenital fetal metastases are likely to have occurred. 
It is apparent that careful documentation of all future similar cases is highly 
desirable if further knowledge in this field is to be gained. 
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VII. Cysts and Placental Septa 

A variety of cysts is found in the placenta, some of which have a readily 
traceable histogenesis, others are of obscure origin. In general, cysts are more 
common in mature placentas and, with respect to the septal cysts and those on 
the chorionic surface, there appears to be a relationship to excess fibrin deposition. 

On macroscopic examination, the commonest cysts are those shown in Fig
ure 159. Usually, they are singular and more central in the placenta and lie under 
the chorionic plate. Their relationship to vessels is variable; frequently, fetal 
chorionic vessels are elevated by these distended cysts and they are often located 
near vascular bifurcations (BRET et al.), but no interference with fetal circulation 
is found. They are subchorial and filled with a thin fluid which is often slightly 
mucinous and occasionally blood-tinged (Fig. 160). Cysts must be separated from 
the less common cystic degenerations of subchorionic hematomas discussed else
where (Fig. 154) and the rare sacs containing aborted twins. Also, the empty 
spaces seen in freshly cut placentas, whose etiology has been considered by 
FRITSCHEK; ÜRA WFORD and others, are not to be included in this discussion (see 

Fig. 159. Solitary subchorionic cyst in typical location near insertion of cord and beneath large fetal vessels. 

chapter on examination). Subchorial cysts are rarely seen at the placental margin 
(Fig. 161) and they have not been described on the chorion laeve. Usually, they 
measure less than 2 cm in diameter but occasional very large cysts have been 
recorded (SciPIADES & BuRG; BRET et al.). 

On sectioning the mature placenta, the subchorionic cysts are usually found 
to be contiguous with a placental septum which can then be traced all the way 
from the decidual floor of the placenta to the chorionic surface. In such septa, 
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similar cystic spaces are frequently found within the mature placenta, i.e. not 
visible from the fetal surface. These cysts are generally nöt associated with fetal 
or matemal disease. We believe with SzATHMARY that the typical subchorionic 
and septal cysts have the same histogenesis, the latter also containing a similar 

Fig. 160. Severallarge subchorionic cystg, discolored bacause of recent hemorrhage. Note dissection of cyst into 
cord substance alongside m!l.jor fatal ve3sels and increased amount of subchorionic ftbrin. It is not inconceivable 

that expansion with rupture of the central cyst could Iead to the picture found in insertio furcata funicull. 

Fig. 161. Subchorionic cyst at margin of placenta, in areas of atrophy and fibrin deposit but over small dark 
remnant of viable placental tissue (H & E, x 8). 

mucinaus material. The continuity of the solitary cyst in Figure 159 with a sub
jacent septum is shown in Figure 162, and Figure 163 shows serial adjacent sec
tians of a fixed placenta with a cyst in the tip of a broad septum which has been 
cleaved mechanically. 
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At times, an excessive nurober of cysts is found, as in Figure 164; this condition 
is associated with, if not due to an abnormal amount of fibrin deposited in the 
ßoor and septa, particularly around the cells which compose the wall of the cysts. 
The cysts depicted here were of different color, white, yellow, red and green, due 
to old and recent hemorrhage and 
fibrin deposits; the placenta had 
a thick layer of fibrin in the ßoor 
("matemal ßoor infarct"). This 
specimen was the fifth of similar 
pregnancies of this patient; each 
demonstrated the same patho
logic changes and terminated in 
premature delivery of stillboms. 
The cause of the excessive fibrin 
deposition is unknown. 

M icroscopically the wall of a 
cyst has an irregular inner lining, 
there being no smooth epithelial 
surface (Figs. 162, 166). The cells 
which surround the cyst have 

Fig. 162. Cyst of Figure 159 in section with fetal vessels in 
apex. Continuity of cyst with cystic intercotyledonary septum 

is indicated by arrows (H & E, x 25). 

been the object of considerable controversy. Some authors regard them as derived 
from fetal (trophoblastic), others as from matemal tissues (decidual) and, despite 
considerable research, no definitive statement can yet be made about their nature 
and origin. These cells, summarily called the "X-cells" by ScrPIADES & BuRG; 
MoRISON and others, are polygonal, almost always single-nucleated elements with 

7 Melric 8 

Fig. 16 3. Serial sections of septum after ftxation . Lateral to large subchorionic cyst, the broad scptum is seen to 
contain several smaller intraplacental cysts and clefts. 

usual cytoplasmic basophilia, as seen in Figures 167, 168. They make up a sub
stantial portion of the placental septa, occur in clusters in the decidual ßoor of 
the placenta where they are intermixed with typical decidual cells, and mitotic 
activity is usually not seen (Fig. 173). Characteristically, they are enmeshed in 
matemal fibrin deposits and often the septa contain isolated, apparently atrophy-
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ing placental villi (Fig. 168). On the outer surface of these cellular deposits, a 
covering of syncytium is often apparent but no transitional stages between thc 

Fig. 164. Multiple subchorionic cysts, discolored because of hemorrhage in patient with repetitive massive fibrin 
deposition ("maternal floor infarct."). 

Fig. 165. Plaeental septum at base of placenta with 
cyst in apex, withln the "X-cells". Fibrin deposit in 
the septum and decidua basalls (bottom) is believed to 
be precursor to cyst formatlon (H & E, x 40). 

Fig. 166. Placental septum of matnre placenta with two 
typical septal cysts. The muclnous content is homogene
ous. There is no epitheliallining, the cyst having formed 
in X-cells which are enmeshed in flbrin. Foci of calciflca
tlon are present in the wall at lower left and right (H & 
EX 40). 
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X-cells and syncytium can be seen. Moreover, by light microscopy, their appear
ance differs from the Langhans cells and the cells of the solid trophoblast of the 
anchoring villi. It is not clear whether WISLOCKI & DEMPSEY, in their electron
microscopic study of the human placenta, describe these cells as the glycogenrich 
solid cytotrophoblast. No other fine structural study has been made of these cells 
to our knowledge. 

Fig. 167. Floor of placenta with decidual vein, surrounded by basophilic, polygonal "X-cells". (H & E, x 80). 

In view of the large deposits of these cells in the human placenta, it is surprising 
that their functional significance has not yet been elucidated. Similarly, it is uncertain 
whether during cyst formation these cells actively secrete the cyst fluid or whether a 
colliquation type of degeneration takes place (see GROSSER). The latter is suggested 
by the presumably causal peripheral fibrin masses in associati6n with cysts (Fig. 165). 
Also, the appearance of spaces in the centers of septa in young placentas favors this 
view (Fig. 168). The eosinophilic content is usually homogeneous and has been likened 
to colloid by PADDOCK & GREER. 

The development of maternal septa and their relationship to fibrin deposits 
and cysts have been discussed by many authors. Thus, GoTTSCHALK who reviews 
much of the older literature, describes the fibrin-encased villi and, like KÜHLER 

and others previously, he finds that septa often reach the chorionic surface, parti
cularly at the placental margin and when serial sections are made. Of course such 
an anatomic relationship would be a prerequisite if one considers the possibility 
at all that the common subchorial cysts derive from decidual septa. GROSSER; 

SCIPIADES & BuRG among others conclude from their studies that the septa do 
not reach the chorionic plate. More recently, BECKER has dissected these septa 
and finds that they do not completely encircle a cotyledon and should be regarded 
as columns and sails which, in conjunction with their fibrin masses, may aid in 
the stability of the placenta. He finds that the intervillous space is not sub
divided by these septa into separate functional units as is often held to be the 
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case. Septa are weil shown in BuMM's diagram of the placental structure and 
HART & GuLLAND (1892) make special reference to the X-cells which they call 
"young decidual cells". In a later report, however, (HART & GULLAND, 1893) these 
authors study the anatomy of the rhesus monkey placenta and also describe the 
"decidual hillocks" (septa) . However, here they consider the X-cells (their Fig. 2) 
as "trophoblastic expansion of fetal ectoderm". 

Fig. 168. Septum of immature placenta (7 cm CR twin fetuses) with ftbrin deposit, engulfed atrophying villi and 
early cystic cavitatlon. Note syncytial covering (H & E, x 160). 

An excellent early description of the cysts is given by EDEN in his expansive study 
of the human placenta. This author is much concerned with the older views of placental 
fibrin deposits and gives evidence for their maternal origin. EDEN speaks of the cysts 
as arising in the septa, and he finds also that these extend up to the chorion, at least 
at the placental margin. He says "In the centre a different appearance is often seen. 
Liquefaction of the cells occurs, resulting in the formation of a central cavity containing 
a homogeneous material coagulable by the normal hardening fluids. The cells which 
Iimit the cavity are smaller than the rest, and tend to be distinctly polygonal in shape; 
this results probably from the pressure exerted by the accumulated fluid." A photo
graph of a typical cyst accompanies this unsurpassed description. BRIQUEL (p. 78) 
refers to several authors' descriptions of cysts, particularly a larger work by Pitha 
which was not available to us. GROSSER refers to Kermauner's well·known study 
(colliquation necrosis, equalling the process of fibrinoid formation), that of Hinsel
mann (secretory activity of trophoblast) and he disputes the idea of some (Fenomenow; 
DE J ONG) that conglutination of villi is the mechanism of origin. Recent information 
of ideas concerning the deposition of placental fibrin have been summarized by Fox. 

The controversy over the origin of the X-cells has been renewed in recent 
years when it became possible to assign a genetic sex to cells in interphase. Follow
ing the discovery by BARR & BERTRAM of nuclear sexual dimorphism in cats, 
much work has indicated that, in man, the presence of a "sex chromatin" mass 
(Barr body) on the nuclear membrane of interphase nuclei indicates the presence 
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of two X chromosomes; its absence is representative of only one X chromosome. 
So far as normal cells are concerned, male and female cells can thus be differentiat
ed and several authors have studied said placental septal cells with this in mind, 
particularly in male conceptuses (KLING ER & Lunww; SADOWSKY et al., SERR 
et al.; SoHVAL et al.; GRILLO & DILEO ). Although these authors were all aware of 
the controversial origin of these cells, all agree that the X-cells are uniformly of 
female sex, even in normal male conceptuses and that, therefore, they must be 
construed as of decidual , or at least maternal, origin. These authors present good 
photographic evidence to support their contention, but they also point to the 
technical difficulties inherent in the cytologic study of these cells (see Fig. 169). 
Although the common cysts are undoubtedly related to these X-cells ("trophoblast
like cells", SoHVAL et al. ), no study of sex chromatin structure specifically of the 
cyst walls has been made and these cells have neither been cultured in vitro nor 
has their chromosome complement been determined directly. Our attempts in 
this direction have invariably failed to produce a tissue culture outgrowth from 
which chromosome preparations could be made. 

Fig. 169. Sex chromatin (arrow) in " X·cell" of septum of placenta with male conceptus. Despite immediate 
ftxation of this specimen, the difficulty of "sexing" these cells is apparent (H & E, x 1600). 

The maternal decidual origin of the placental septal cells, widely held in the 
last century and which had given way to the concept of trophoblastic origin 
following SPANNER; ÜRTMANN and others, has also been supported by recent 
histochemicalstudies of W AIDL. Contrary to the form er studies with reticulin stains, 
this author was able to find argentophil reticulum fibers around the disputed cells 
and his studies with aldehyde-fuchsin staining show an impressive similarity bet
ween elements of the septa and the decidua, the cyst walls and indeed isolated 
deposits of subchorionic cells. These are demonstrated in preparations made ac
cording to the technique used by WAIDL (Figs. 170-172). Despite apparent dis
similarities to other types of decidual cells demonstrated by a variety of histo
chemical reactions (WISLOCKI ; LATTA & BEBER; McKAY et al.), we feel that the 
recent evidence is overwhelmingly in favor of the maternal origin of the X-cells. 
Moreover, in choriocarcinomas, as pointed out elsewhere, such cells arenot obser
ved. Speculations as to the continued production of chorionic gonadotropin by 
these cells on the basis of histochemical reactions (LATTA & BEBER) are no Ionger 
tenable in the absence of attempted direct proof by the Coons method (MIDGLEY 
& PIERCE). THIEDE & CHOATE, on the other hand, report equivocal results for basal 
decidual cells employing similar techniques. On the basis of histochemical and 
immunohistochemical studies, DALLENBACH-HELLWEG & NETTE and DALLENBACH 

Handbuch der pathologischen Anatomie VII/5 20 
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& DALLENBACH-HELLWEG consider the inclusions in these cells to represent relaxin 
and gonadotropin. They review much of the histochemicalliterature of these cells 
which they hold to be of fetaljtrophoblastic origin. Finally, KERNBACH, on the 
basis of Cajal stains and other special techniques, considers the cells as "tropho
blastic sympathicoblasts" with nerve fibers and powdery Nissl substance. It is 
also remotely possible that the cells derive from proliferated granulosa cells, carried 
with the implanting ovum. However, this has not been considered in the Iiterature 
and no studies in support of this possibility have been made. 

Fig. 170. Cross-section of placerita with intercotyledonary septum spanning from decidua basalis (bottom) to 
chorion (top). Decldua gives intense purple reaction with aldehyde-fuchsin stain (W AIDL). Isolated subchorial 
islands of similarly staining tissue are dlssociated from septum at top Ieft and rlght. Small cyst within top portion 

ofseptum (Aldehyde-fuchsin; montage, x 8). 

However these cells may be derived, and we believe the evidence is in favor 
of decidual stromal cells, their function, other than by serving as structural units 
to increase placental stability in BECKER's sense, is not understood. While an 
endocrine function can neither be supported nor denied at present, there is little 
evidence that an active elaboration of material by these cells produces the cysts 
in septa or in the subchorionic plate. Theseare certainly not the result of distention 
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of endometrial glands. Such dilated glands may be found relatively frequently in 
the basal plate (Fig. 172) and rarely in septa (Fig. 173), however, they remain 
small and are lined by a thin layer of often very attenuated epithelial cells. 

The frequency of the septal cysts has been studied by numerous authors. 
SCIPIADES & BuRG refer to seven studies which give figures from 0.15-56%. 
PADDOCK & GREER feel that a majority of placentas has such structures on careful 
microscopic study. By gross examination, on the other hand, these authors were 
able to identify cysts in only 14.1% of 1965 placentas studied, usually in mature 
organs. They were also not com
pletely absent in younger speci
mens. These authors find no 
correlation with toxemia of preg
nancy but consider the lesion 
under "white infarcts", a term 
fully discussed recently by Fox. 
SciPIADES & BuRG refer to Hinsel
mann and SzATHMARY as finding 
a correlation between cysts and 
extrachorial placentas. We believe 
that true septal cysts are never 
seen to result from liquefaction 
necro&is of infarcts or intervillous 
thrombi. These lesions are readily Fig. 111. Topportion of septum in Flgure 170 with small septal 
distinguished on gross inspection cyst. X-cella are enmeshed in purple stalnlng material (Aldehyde-fuchsin, x 25). 
as hemorrhagic and involving 
villous tissue. PADDOCK & GREER 
consider the cysts to be the result 
of trophoblastic action on deci
dual septa and describe also the 
complete absence of mitoses. The 
latter observation is supported 
by other studies. At the same 
time, they regard the X-cells to 
possess considerable invasive pro
perties. BRET et al. find 27 cysts 
in 15 placentas of 589 placentas 
studied, but apparently Iimit 
their observations to the surface 
cysts which they believe to be 
caused mechanically during deli- -

e They quote sizes up to the Fig. 172. Decidua basalis of mature placenta showing purple 
V ry · staining lntercellular substance around deciduai cells and two 
diameter of an infant's head and diiated endometrial glands (Aldehyde-fuchsin, x 50). 

consider the subamnionic cysts 
to represent pseudocysts. CARTER et al. studied 400 placentas and find 26 chorionic 
and 66 septal cysts in a statistical analysis of the placentallesions without further 
correlation of this material. In our own experience, we found cysts on the chorionic 
surface by gross examination in approximately 5% ofroutinely studied placentas. 
In 7% they were found within the septa on sectioning. Depending on how many 
microscopic sections are prepared and studied for the presence of cysts, the inci
dence rises correspondingly. SciPIADES & BuRG have come to similar conclusions. 

Compared to these relatively common cysts, other types are found only rarely. 
The focal marked hydropic dilatation of a villus (Fig. 174) is easily differentiated 

2P 
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and, as in this case, it is usually associated with molar changes in other portions 
of the placenta. In this placenta, no vascular lesions were found to account for 

the localized swelling but, as 
in other similarinstances(ZIEL, 
and others ), the fetuswas still
born. W e consider this as a 
variation of the "transitional 
hydatidiform mole" and oc
curring at later stages of preg
nancy than that leading to 
the true hydatidiform mole. 

Flg. 173. Small septum of base of mature placenta with basophilic 
" X-cells". At tlp of septum a dilated (cystic) endometrial gland 

with flattened epithelium (H & E, x 80). 

Oystic structures may be 
found on the fetal surface 
other than those described 
above, the commonest of 
which is an artifact of delivery 
and really a pseudocyst as em
ployed by BRET et al. As a 
result of disruption of the 
membranes, amniotic fluid 
may separate the amnion from 
the chorion, dissect between 
these two membranous leaves 
and give the appearance of 
cyst formation on casual ex
amination. Histologie studies 
disclose the presence of vernix 
in the space. Frequently, such 
membranes appear more ede
matous rather than cystic. 
This process of dissection of 
vernix has been related to the 
mechanism by which amniotic 
fluid gains access to the ma

Fig. 17 4. Focal marked hydatid swelling of placen
tal vlllus giving superficial Impression of cyst.In this 
900 gm placenta of a stillborn, many villi showed 
molar degeneration. (Courtesy Dr. R. Street). 

ternal circulation in cases of hypofibri
nogenemia resulting from the syndrome of 
amniotic fluid embolization (LEARY & 
HERTIG ). Localized collections of fluid 
within the amnionic connective tissue 
occur on rare occasions for unknown 
reasons and have been separated from the 
edema and the dissection of amniotic fluid 
just described (BouRNE). A most excep
tional cystic structure was found upon the 
routine examination of an otherwise 
normal mature placenta (Fig. 175). It was 
located with in the basal portions of the 
chorionic plate, beneath a fetal vessel and 
contained keratinized debris. Its wallwas 
composed only of normal squamo us epi
thelium and whether its origin is similar 
to the postulated (twin) origin of a simi-
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larly located portion of cartilage (BouRNE) remains unknown. It must be 
borne in mind, however, that squamous metaplasia occurs commonly on the 

Fig. 175. Squamous eplthelium lined cyst with keratinization within the chorion of a mature placenta. Inciden
tal findlng. (H & E, x 160). 

amnionic surface and such meta
plasia occurring in what can 
only be construed as an amnionic 
epithelial inclusion cyst (Fig. 176) 
would easily explain the structure 
seen in Figure 175, except for its 
apparent intrachorionic location. 
Similar amnionic epithelial and 
connective tissue cysts, as weil 
as those arising from the yolk 
stalk andin the chorion have been 
described by DEJONG. Occasion
ally, in otherwise normal umbili
cal cords, subamnionic surface 
cysts of similar structure may 
also be observed. Apparently, 
these are of no clinical impor
tance. 

Fig. 176. Intra-amnionlc lncluslon cyst of mature placenta, 
lined by amnionic epithelium. (H & E, x 40). 
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VIII. Circulatory Disturbances 

lnfarcts and Atrophy 

Infarction constitutes the commonest process which destroys placental tissue, 
whether or not the gravida is weil. Much that has been written about placental 
infarction and infarcts is confusing and contradictory, largely because of incon
sistent terminology. Without uniform definitions, different investigators have not 
even begun to approach agreement on incidence, pathogenesis and significance of 
these lesions (BARTHOLOMEW et al., BENIRSCHKE, HuBER et al., NESBITT, SIDDALL, 
VoKAER, WILLIAMS and others). Even methods of placental examination seem to 
inßuence the frequency and ease with which infarcts are recognized (BARTHOLO
MEW et al., BENIRSCHKE). However, since YouNG's report in 1914 it has been 
apparent that the hypertensive disorders of pregnancy are often accompanied by 
more or less infarction of the placenta. On the other hand, similar lesions are also 
common in mature placentas, delivered to normal women. The consequences for 
the fetus seem to depend on the extent of tissue destruction, and, perhaps, on the 
health of the gravida and placenta prior to supervention of the infarcts. 

Fig. 177. Recent placentallnfarct. A sharp!y demarcated wedge of ftrm tissue, dark red-brown in the fresh state, 
ls ftat on sectioning. ~'he lesion is contiguous to decldua, from which it is separated focally by a retroplacental 

hematoma. 

lnfarcts of the placenta are usually identified grossly, consisting of wedge
shaped areas of firm placental tissue, in which a granular texture reßects the 
villous structure of the injured tissue. Their sizes and numbers vary, probably 
limited only by the capacity of the remaining placental tissue to support fetallife. 

Placental infarcts are contiguous with decidua, whether in septa, at margins, 
or on the matemal surface of the placenta. They vary from dark purplish red, 
brown, tan, yellow tan, yellow, white, to white or gray white (Figs. 177-180). 
Often there is evidence of gradual or step-wise enlargement with older, pale areas 
abutting on darker, fresher zones (Figure 180). The yellow and paler infarcts 
sometimes present a narrow, glistening translucent pale gray margin. All infarcts 
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are dry on fresh sectioning, and granular. Rarely, the centers become liquefied, 
cystic, thrombotic, or hemorrhagic. In the oldest lesions, a gritty consistency 
and a chalky speckled cut surface indicate calcification. Ossification is very rare. 

Fig. 178. Old placental infarction with massive involvement of the placenta, indicated by the white tissue presen
ting at the matemal surface. 

The commonest site of placental infarction is the placental margin, where firm, 
even hard triangular wedges, a few millimeters to centimeters in radiant length, 
are found in increasing frequency as term is approached. These are usually yellow 
to white, indicating chronicity, and are poorly, if at all, correlated with abnormal 

Flg. 179. Same as previous figure, cut surface. The lesions are well-defined and their contiguity to the decidua is 
evident. 

matemal or fetal states. They are similarly frequent at margins of Iobes of multilo
bate placentas. It is probable that such lesions indicate no significant impairment 
of placental function. Occasionally, infarcts appear to be scattered at random 
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within the placental substance, but careful scrutiny reveals their contiguity with 
maternal tissues. Less often, the infarct subtends a retroplacental hematoma, or 
forms an encircling zone about an intervillous thrombus. 

Fig. 180. Large placental infarct, portions of which are of different ages. The lighter area is one of old infarction; 
the darker zone has been damaged more recently. 

Fig. 181. Recent placentallnfarct. Interviiions blood is lysing; karyorrhexis is evident; leukocytes have inftltrated 
the villous connective tissues. (H & E x 250). 

Histologically, placental infarcts are composed of relatively closely packed villi 
and contiguous structures, with surrounding maternal blood. Early, the chorionic 
tissues show necrobiosis and necrosis, the intervening maternal blood is lysed, and 
some infiltration of leukocytes occurs beyond the surface trophoblast, into the 
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chorionic connective tissues (Figure 181). The contained fetal vessels share the 
necrosis and the overlying chorionic plate, if this be contiguous, undergoes 
necrosis. The amnion is usually relatively weil preserved, less often necrotic. The 
vessels of the chorionic plate, if adjacent to infarcted tissue, often contain bland 
thrombi (Figure 182). 

Fig. 182. Bland thrombus nearly occluding a chorionic artery overlying an infarct. (H & E x 40). 

Fig. 183. Old placental infarct, composed of "ghost villi", i . e. villi whose ontlines are still visible, but whose internal 
structure has disappeared with the passage of time. (H & E x 100). 

With the passage of time, all nuclear debris disappears, the intervillous blood 
is replaced by clot, villi become approximated, and the result is an eosinophilic 
zone of tissue in which ghost hyalinized villi persist (Figure 183). Calcification of 
villi and interverring material is then frequent. Fibrous tissue does not invade. 
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Ghost villi persist, perhaps indicating insufficient lytic activity and local vasculari
ty to reduce the lesion to a "scar". Most infarcts are composed of relatively small, 
mature, or nearly mature-appearing villi, suggesting, as does the infrequency of 
infarction during the first 8 or 9 lunar months, that these are lesions of the aging 
and aged placenta. Rarely, the ghost villi are large, with abundant intervascular 
stroma, and internal architecture compatible with the structure of a less mature 
placenta. 

Various investigators have attributed these lesions to insufficiency of either 
maternal or fetal blood flow to the placenta (BARTHOLOMEW et al., YouNG, 
SIDDALL, HERTIG, MARAIS, LITTLE). 

It has long been known that the matemal and fetal blood streams do not mingle 
within the placenta. However, the details of the unique "double circulation", by 
means of which the placenta is perfused simultaneously by the gravida and the fetus, 
have been clarified only recently, with the advent of cineradioangiography (RAMSEY 
and coworkers, BORELL, GARCIA & NELSON, RICHART) and improved injection methods 
(ROMNEY, CRAWFORD, ARTs, WILKIN, NOLD, Bt21E). A brief summary of current 
concepts of the placental circulation is relevant to a discussion of the pathogenesis of 
placental infarction and other circulatory disturbances which affect the placenta. 

Matemal arterial blood is delivered to the decidua by myometrial arteries, branches 
of the uterine arteries. From these are derived the decidual vessels, the spiral arterioles 
which traverse the decidua, to open at the floor of the intervillous space (IVS). Jet
like spurts of matemal blood are discharged intermittently, not all arterioles "firing" 
at once, and enter the intervillous "Iake" (RAMSEY, ßORELL, RICHART). Propelled 
by the matemal arterial blood pressure, the arterial blood ascends toward the chorionic 
plate, while producing turbulence and consequent mixing. Probably few, if any, 
decidual arteriolas open into the IVS from decidual septa. Relative stasis seems to 
occur in various portions of the IVS, especially at its margins. The subchorionic 
region appears to be the locus of the most vigorous, active circulation (RAMSEY). 
Drainage occurs via decidual veins, whose ostia are scattered at the floor of the IVS, 
as weil as at the margin of the placenta. 

The fetal circulation has been studied in a static condition, rather than by the 
dynamic means of cineradiography (CRAWFORD, ARTs, WILKIN, PANIGEL, NoLD, 
Bf2JE). The fetal heart provides the vis a tergo to the umbilical and chorionic circulations, 
augmented to some degree by humorally stimulated contractions of the umbilical 
artery and muscle-containing chorionic vessels. The branches and tributaries of the 
umbilical blood vessels spread within the chorionic plate, divide with varying degrees 
of complexity at this site, then dip subchorionically, the artery and vein tending to 
take a similar course and divisions. Sequential branching ofthese paired vessels termi
nates in complex loops of anastomosing capillaries, within the villus. The aggregate 
of vessels which is derived, by repeated branching, from a primary vascular trunk, 
originating at or near the chorionic plate, defines the fetal cotyledon. It is unlikely 
that anastomoses link any trunks }arger than the capillary loops, except the paired 
umbilical arteries, which are so joined near their junction with the placenta itself. 
Intercotyledonary and intervillous vascular anastomoses probably do not occur 
(ARTs, PETER, CRAWFORD). 

The existence ofthisdouble circulation and the difficulties inherent in studies of 
either or both components led to problems in interpretation of vascular diseases 
of the placenta, especially "infarcts", however this term be defined. These diffi
culties are enhanced, on the one hand, by the frequency of lesions among placentas 
of both healthy gravidas and those afflicted with disease, and, on the other, by 
differences in definitions, diagnostic methods and criteria used by various investi
gators. 

The exact pathogenesis of placental infarction has been debated, but most 
modern workers agree that they are, indeed, attributable to insufficient blood 
flow to portions of the placenta (HELLMAN). They aremorefrequent and more 
numerous in pregnancies associated with maternal hypertension (MAQUEO et al.). 
According to RARER, 416 of 1000 unselected placentas contained infarcts measur-
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ing at least 5 millimeters in diameter. While few in bis series were placentas of 
pre-eclamptics, eclamptice, or associated with chronic renal disease or hypertension 
in the gravidas, placental infarction wasmorefrequent among these. Others find 
infarcts in 2 to 100% of "normal" placentas (WILLIAMS, SIDDALL & HARTMAN, 
TRAUT & KuDER, ZEEK AND AssALI, NESBITT, LITTLE, Fox inter alia). Although 
placental infarction occurs during clinically uncomplicated pregnancies and not 
all cases of toxemia are associated with this complication, most extensively 
infarcted placentas are indicative of intragestational hypertension andfor vascular 
disease of the gravida. 

BARTHOLOMEW has been the outstanding champion of the view that placental 
infarction depends on disturbed fetal, i. e. chorionic, circulation. He holds this 
opinion despite the association of lesions with maternal vascular disease, the 
absence of dernonstrahle antecedent fetal vascular lesions, the distinct morpholo
gic differences between infarction and the placental changes which follow fetal 
vascular occlusion (q. v.), and the configuration and distribution of placental 
infarcts which do not conform to the distribution of the fetal vasculature. 

Evidence supporting the thesis that placental infarction is caused by compro
mised maternal bloodflow to the placenta is more convincing, to wit: 
(l) Placental infarction, especially extensive infarction, isafrequent complication 
of maternal disease, whether the latter is a chronic vascular disease or toxemia of 
pregnancy. 
(2) Gorrelations with maternal vascular lesions often exist, yet fetal disturbances 
are uncommon. Fetal vasculature is usually not involved except within the lesion. 
(3) The region of darnage corresponds to that supplied by the maternal vessels, 
and is contiguous to maternal tissues, always abutting on either the decidua 
basalis or decidual septa. (Fox, MARAIS, ZEEK & AssALI). 
(4) Localized disturbances in the intervillous space, such as compression by 
subplacental hematomas, around intervillous coagula, at placental and lobar 
margins, and at the edge of a placenta previa, are all associated with the tendency 
to adjacent placental infarction. 
(5) Infarction, as defined and described above, does not ensue when fetal vessels 
are occluded. Such vascular lesions are associated with placental lesions of 
another kind (q. v.). 
(6) Infarction is not a consequence of fetal death. 
(7) Finally, when fetal death has occurred, villi remain in an apparently via.ble 
state, vessels may persist structurally intact for many days, and traphoblast may 
continue to grow for much longer. Hydatidiform moles supply evidence of the 
latter phenomenon. Also, deported traphoblast and villi may grow without 
intrinsic circulation. 

The genesis of placental infarcts involves spasm, stenosis, or occlusion of deci
dual blood vessels. Such changes may occur as part of generalized hyperactive 
vasomotion, or during the course of structural arterial disease of the gravida. 
Therefore, infarcts are frequent in placentas from pregnancies complicated by 
essential hypertension, toxemia of pregnancy, chronic nephritis, Iupus erythe
matosus disseminata, and diabetic microangiopathy (FALKINER, SHANKLIN). 
Virtually any morbid state which afflicts the arterial andfor arteriolar portions 
of the vascular bed may include the uterus in its distribution and, occurring during 
pregnancy, may exert deleterious effects on the placenta. The associated maternal 
vascular lesions also comprise a wide variety, the most important of which, being 
the most common, are those of pre-eclampsia (CARTER et al.). 

Casual sampling of the decidua, cast off with the placenta, frequently falls to 
uncover structural abnormalities of maternal vessels in the presence of even 
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extensive placental infarction. Similarly, attempts to demonstrate vascular 
lesions in these tissues are often unsuccessful when the gestation is known to have 
been complicated by pre-eclampsia, chronic hypertension, or severe chronic 
nephropatby. As early as 1915, WILLIAMS described an acute degenerative 
arteriolitis which involved the decidual vessels in cases of "toxic" abruptio 
placentae. HERTIG recognized a sequence of changes in the decidual vessels 
associated with the latter condition, beginning with accumulation of foamy, 
lipid-laden phagocytes in the intima, followed by fibrinoid degeneration of the 
media, and, finally, fibroblastic proliferation of the intima, which narrowed or 
even obliterated the Iumen (Figures 184-186). Associated with tbis process, the 

Fig. 184. Early decidual atheroma. Foamy cells and acute inllammatory cells have accumulated in the intima. 
Smudging aud llbrinoid change are evident in the media. (H & x 160). 

decidua beneath the placenta became necrotic. In a later publication which also 
dealt with premature separation of the normally implanted placenta (SEXTON 

et al.), HERTIG expressed the view that this acute arteriolitis was not a specific 
lesion of toxemia of pregnancy, being more frequent in the deciduas of gravidas 
known to have had hypertension, andfor chronic renal disease prior to gestation. 

ZEEK and AssALl used an ingenious method of sampling the decidua to 
evaluate vascular lesions in relation to placental darnage and maternal status. By 
transilluminating the extraplacental sac, they were able to identify adherent tags 
of thick vascular decidua. They, too, were impressed with the lesions described by 
HERTIG, which they termed "acute atherosis", visualizing the Iipid deposition as 
the initialstage of degeneration. Thirty percent of 70 samples of decidua associated 
with placental infarction disclosed these acute vascular changes. Furthermore, 
acute atherosis was found in the deciduas of 34 of 71 toxemics, being most severe 
in toxemia of unusually early onset. A very mild degree of similar change was 
found in 3 of 143 normotensive gravidas without pregnancy toxemia, andin none 
of 18 hypertensives without toxemia. In the latter group, decidual arteries often 
showed moderately severe hyperplastic arteriosclerosis, which the authors regard
ed as typical of bypertensive persons. 
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Still more success in correlating decidual vascular disease and clinical status 
of the gravida has been described by DIXON and RoBERTSON. They studied deci
dual biopsies, taken from the placental bed immediately following removal of the 
placenta. By this method they found decidual microangiopathy in association 
with essential hypertension, pre-eclampsia, eclampsia, and chronic renal insufficiency. 
Except for the particular degenerative vascular changes associated with chronic 
renal failure , the vascular lesions seen formed a continuum, the severity of 
involvement depending principally on the degree of hypertension present clini
cally. With mild essential hypertension, both myometrial and decidual vessels 
were abnormal, hyperplastic and narrowed. Swollen, vacuolatcd endothelial cells 

Fig. 185. Severe decidual atherosis. !\lasses of lipid-laden cells project from the intima, narrowing the vascular 
Iumens. The media is thin, frayed, and deeply staincd. From a patient with severa chronic hypertension and pre

eclamp3ia. (PAS x 16Q). 

suggested spasm. Pronounced hyperplasia, sometimes also smudging and hyalini
zation of their walls, made the spiral arterioles more prominent. The angiopathy 
which accompanied mild preeclampsia was like that of essential hypertension. 
Worsening of the clinical state of the gravida was reflected by increasing medial 
and intimal hyperplasia of myometrial arteries, often resulting in stenosis or 
luminal obliteration. Thrombosis occurred in the most advanced cases. Parallel 
changes were observed in the decidual arterioles, where fibrinoid , acute arteritis, 
and thrombosis varied in intensity with that of the clinical disease. Lipid-contain
ing cells were deposited, both within and beneath the intima. This reaction was 
regarded as secondary to the necrosis. Necrosis of decidua accompanied the 
angiopathy. The decidual blood vessels of gravidas with chronic renal insufficiency 
showed a distinctive basophilic, possibly mucoid, medial degeneration, associated 
with proliferative fibrosis and hydropic vacuolation of endothelial cells. Fibrin 
was deposited in the adjacent stroma, suggesting leakage of plasma. In summary, 
the major findings indicated the development of decidual and myometrial micro
angiopathy associated with hypertension, whether acute or chronic. Renal failure 
brought its own particular decidual vascular changes. Coexistence of the two 
clinical states, hypertension and chronic nephropathy, was reflected in a combina
tion of the vascular reactions of both conditions. 
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Decidual curettage-biopsies have been utilized in continuing studies of the 
pathology of pregnancies complicated by diabetes mellitus (DRISCOLL). The uterine 
cavity is curetted immediately following delivery of the placenta. The commonest 

Fig. 186. Marked ftbrinoid degeneration of decidual vessels. Thick, eoslnophlllc rings now form the vascular walls. 
A few lipid-laden cells are seen in the Intima. Clefts in the medla suggest edema. From a patient with eclampsia 

(H & E x 160). 

Fig. 187. Diabetlc arterlolar dlsease affecting the decidua. The media is thick, hyperplastic,andhyalinized; the 
Iumens are narrow. (H & E x 100). 

decidual vascular lesion comprises arteriolar medial hypertrophy andfor hyalini
zation, with narrowing of the lumen (Figure 187). Less often, the large decidual 
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vessels are diseased, presenting as fibrinoid rings, lined by lipid-laden cells, i. e. 
acute degenerative arteriolitis (HERTIG) or acute atherosis (ZEEK and AssALI) 
(Figure 188). The formertype of angiopathy is not associated with hypertension, 
but affects vessels in mild diabetes of recent onset, as weil as severe, juvenile 
diabetes with retinopathy and nephropathy. The tendency to placental infarction 
is increased in the latter circumstances, even in the absence of hypertension and 
preeclampsia (See Chapter XV, for additional related findings). Decidual curettage
biopsies have also demonstrated such vascular lesions as acute arteriolitis in 
disseminated lupus erythematosus (Figure 189), perhaps accounting for some 
of the pregnancy wastage associated with this disease, through interference with 
deciduo-placental perfusion. Similar studies would be of interest in relation to 
other women who are inexplicably prone to pregnancy wastage. 

Fig. l!l8. " Acute atherosis" of decidual arteries in a diabetic gravida. Lipid-laden cells occupy the intima, bulge 
into, and thus narrow, the Iumens. A dense llbrinoid ring encircles these. A cuff of acute inftammatory cells sur

rounds the vessel. (H & E x 250). 

MARAIS has made detailed studies of decidual vasculature with reference to the 
genesis of angiopathy, associated placental lesions, and clinical correlates. He 
demonstrated that spiral arteriolar and placentallesions (fibrin deposits, thrombi, 
infarcts , and abruptio placentae) are strong indicators of rising blood pressure, 
especially when the latter is accompanied by proteinuria. 

Much attention has focused on the interrelationships of placental necrosis 
(infarction) and toxemia of pregnancy. Notall toxemics develop placental infarcts, 
yet these lesions are seen in placentas of gravidas affiicted by such vascular 
diseases as lupus erythematosus disseminatus and diabetic angiopathy, and also 
in "normal" circumstances. The most likely common mechanism is one of focal 
insufficiency of deciduoplacental perfusion at the site infarcted. An important 
cause of impairment of matemal blood flow to the intervillous space is toxemia 
of pregnancy, with its associated arteriolar spasm and even structural narrowing 
of decidual vessels. Therefore, placental infarction appears tobe one result, rather 
than the basic cause of preeclampsia and eclampsi.a (See discussion of mechanisms 
by JEFFCOATE & ScoTT). Perhaps FERABOLI's observations of extensive placental 
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infarction in 6 cases of intragestational cardiac decompensation constitute evi
dence that impairment of deciduo-placental perfusion may occur on the basis of 
systemic as well as focal circulatory inadequacy. 

Physiologie data gathered by BROWNE and VEALL, MoRRIS et al., and JoHN
SON and ÜLAYTON indicate choriodecidual and myometrial blood flow to be 
decreased in preeclampsia and essential hypertension. Again, the abnormality 
occurs in the hypertensive gravida, whether the elevated blood pressure existed 
prior to, or began during gestation. 

A unified concept of the pathogenesis of placental infarction and atrophy 
invokes impairment of deciduo-placental perfusion as the major factor. If one 
requisite for the diagnosis of placental infarction is the presence of necrotic villi, 
most fibrin masses and intervillous coagula are excluded. Then the association of 
infarction with focally insufficient uterine circulation is clear. The commonest 
sites of infarction and of atrophy are at the margins of the placenta, and of its 

Fig. 189. Acute arteriolitis atfecting the decidua in a patient with disseminated Iupus erythematosis. Massive 
placental infarction and fetal death resulted. (H & E x 100). 

Iobes, when multilobation exists. Succenturiate lobes are also often infarcted. 
Microscopically, all these sites are also likely to showrelative maturity, i. e., the 
features of normal maturation (q. v.) appear earlier. This tendency to aging, 
atrophy, and infarction is explicable on the basis of relative impairment of blood 
flow, even within a normal uterus. Necrosis of the basal plate of decidua is also 
mostfrequent at and near its juncture with the decidua capsularis. In light of the 
enhanced vulnerability of these areas to chronic changes due to decreased blood 
supply, it is not surprising that the infarction, the decidual necrosis and hemorr
hage which are relatively common in preeclamptic toxemia and other hypertensi
vevascular disorders are also more frequent at these sites. Similarly, compression 
ischemia explains the rim of infarct which surrounds many intervillous thrombi 
and subtends retroplacental hematomas. Less severe and slower encroachment 
on the nutrient vessels, i. e. the uterine arteries and arterioles, results in smaller 
lesions, or even atrophy, without frank necrosis. 
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The extent of infarction varies a great deal in the presence of those maternal 
diseases with enhanced tendencies to placental infarction. For example, many 
eclamptic patients expel placentas which are free of infarction, yet others contain 
few or many old and recent lesions. Conversely, even chronic vascular disease of 
only moderate severity is often accompanied by multiple placental infarcts. 
It is not clear why these disparities occur in degree of placental destruction and 
severity of maternal disease. The most probable explanation depends on the acuity 
or chronicity of the vascular disease, as well as its gravity. Recently Fox studied 
the relationship of syncytial knot formation to gestational maturity, and to such 
states as toxemia of pregnancy and disturbances of chorionic villous circulation. 
In normal cases, the syncytial knot count was valuable as an index of placental 
maturity; counts were slightly increased in association with toxemia; increased 
knots also occurred in areas of reduced fetal, i. e. chorionic villous , blood flow. 
The knots seemed to result from proliferation of syncytial nuclei. 

Fig. 190. Retroplacental hematoma. The placenta ls still attached to the uterus. At the site of decidual hemorrhage, 
the blood has lifted the placenta from the subjacent matemal tlssues. From a patlent wlth severe eclampsia. 

Relationship to Abruptio Placentae: Bland decidual necrosis is such a frequent 
concomitant of the decidual angiopathies that the supervention of abruptio 
placentae is not surprising. MARAIS, for example, found significant correlations 
between clinical hypertension, especially with proteinuria, and decidual arteriolar 
diseases , placental infarction, and premature separation of the placenta. Doubtless 
the diseased vessels are responsible for necrosis of contiguous decidua and adjacent 
vessels, with thrombosis and hemorrhage. Consequent to this, the tissue within 
which the ovum originally implanted, and which now surrounds it, undergoes 
progressive necrosis with hemorrhage. Then the placenta may be lifted away 
from its disintegrating decidual bed by a growing hematoma, derived from the 
abundant , now necrotic vessels which supply it (Figure 190). 

Unlike most other observers, HIBBARD and HIBBARD found the risk of abruptio 
placentae to be only slightly increased when pregnancy was complicated by 
toxemia or essential hypertension. In their view, folic acid deficiency, which can 
be detected by elevated Ievels of formiminoglutamic acid (Figlu) in the urine, is a 
far more significant phenomenon than maternal vascular disease in placental 
abruption. What links the folic acid deficiency to hemorrhage at the placental 
site is not clear. Perhaps the Figlu excretion is merely one index of multiple 
nutritional deficencies, among which are factors bearing directly on the vascular 
integrity at the placental site. 

21° 
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Premature Aging (Senescence) and Atrophy of the Placenta: As normal gestation 
proceeds, gradual changes occur in the placenta, which indicate its maturation 
and aging. Grossly, these comprise progressive accumulation of fibrin , especially 
subchorionically, deposition of calcium, especially at the maternal surface, 
increased firmness, i . e. decreased friability, and slight darkening of the red color 
of the placental substance (Figure 191). Histologically, these observations are 
corroborated, and changes occur throughout the ramifying villous " tree" , especial
ly its terminal smallest "twigs", the terminal villi. The large, loosely textured, 
cellular villus of early pregnancy is composed of a broad core of stroma, ensheathed 
in double layered trophoblast. The stroma is composed of fibroblasts and Hofbauer 
cells. The villous capillaries are peripherally placed and contain blood rich in 
nucleated erythrocyte precursors. The enveloping sheath of trophoblast is compos
ed of both cytotrophoblast (Langhaus' epithelium) and syncytiotrophoblast. 

Fig. 191. Placental calclftcation. Chalky white deposlts on the matemal surface indicate placental maturation . 
The variation in severity is great in normal indivlduals. Although this is severely calcifted, netther matemal nor 

perinatal abnormality was recorded. 

Mitotic activity is evident in the former tissue. Gradually, these villi are converted 
into smaller, histologically simpler units, which, at term comprise clusters of 
capillaries, almost no intervening stroma, and, to the usual light microscope, a 
single layered envelope of attentuated syncytiotrophoblast. Syncytial nuclei 
have become clumped together and syncytial "knots", microscopically polypoid 
fragments or nodes of syncytium, are scattered throughout the section. The 
syncytial cytoplasm has become relatively eosinophilic and exhibits increased 
acid and alkaline phosphatase activity (WISLOCKI) . Eosinophilic amorphous 
material, fibrinoid, interrupts the syncytium at random sites, some villi are filled 
or encased by this material, and basophilic deposits of calcium salts occur within 
it. The gradual reduction in distance between the maternal intervillous blood and 
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the fetal capillary Iumen which results from these changes has been thought to 
explain the progressive increase in permeability of this "barrier" to Na24 with 
advancing gestation (FLEXNER et al.). The diminished transfer of sodium from 
gravida to fetus which supervenes after 36 weeks' gestation has been attributed 
to the deposition of fibrin on and around the absorptive surfaces of the terminal 
villi (FLEXNER et al.) . The quantity of fibrin is gradually increased throughout 
the villous placenta. Trophoblastic columns become surrounded and partially 
replaced by this material. Deposits of fibrin may appear to trap clusters of adjacent 
villi, especially at the placental margin , resulting in villous atrophy. 

The ramifying trabeculae which carry the chorionic vessels to their peripheral, 
villous termini undergo less impressive changes, notably a relative condensation 
of their fibrous stroma and attenuation of the trophoblastic sheath. Except for 
slight decrease in transparency, and prominence and frequent green-brown pig-

Fig. 192. Increased syncytial nuclear clumping and knottlng. lllany dark aggregates of nuclei are seen, constituting 
"Tenney change". ( H & E x 160). 

mentation of phagocytes, the fetal membranes of the term placenta show no 
particular indication of aging. 

Occasionally, these morphological indicators of "physiologic" aging of the 
placenta appear prematurely, or are exaggerated at term. On the basis of quanti
tative histological studies, TENNEY and PARKER described accelerated appearance 
of syncytial cytoplasmic eosinophilia and clumping of syncytial nuclei in placentas 
associated with toxemia of pregnancy (Figure 192). BuRSTEIN and coworkers, 
who corroborated these findings , also described increased fibrinoid, especially 
subchorionically, increased calcification, and occasional PAS-positive cyto
plasmic inclusions in the syncytial cytoplasm, in preeclampsia. PAINE demon
strated increased lipoid in the atrophic syncytium of such placentas. Such accelerat
ed aging of the terminal villi is thought to explain the premature decrease in 
sodium transfer which is seen in pregnancy toxemia (FLEXNER, et al.). 

Observations, such as those of BLEYL, THOMSEN, BuRSTEIN, KuBLI, Bun
LIGER & PAINE, indicating increased syncytial degeneration, increased fibrin 
deposition, fibrosis of villous stems and terminal villi, and endovascular sclerosis 



326 VIII. Circulatory Disturbances 

of chorionic vessels in eclampsia, preeclampsia, chronic nephropathy, and essential 
hypertension, explain the failure of the fetus to thrive or even to survive in many 
complicated pregnancies. The surface area of the villous portion of the normal 
human placenta at term has been estimated as some 6.5 square meters (Donns). 
CLAVERO reported reduction in area of the villous surface of placentas from 
toxemics, as well as those associated with a variety of other complications of 
pregnancy. 

In a study utilizing the techniques of conventional histologic staining, phase 
microscopy, and electron microscopy of placentas from normal and abnormal 
pregnancies, ZACKS and BLAZAR examined one placenta from a preeclamptic 
patient. The "alleged" placental abnormalities which occur in toxemia were not 
corroborated in this specimen. 

We need not insist that all functional changes be associated with convincing 
morphologic changes. Perhaps current methods have not been sensitive enough 
to allow recognition of critical decreases in this area. Diminished chorionic 
vascular bed, either primarily malformed and deficient, or reduced by diffuse 
disease, e. g. in eclampsia and nephropathy (BURG), may also Iimit the capacity 
of the placenta to sustain fetal health. 

Fig. 193. The placenta following fetal death, with retention of the conceptus for weeks. The villi are unusually 
small, atrophic, and hypovascular to avascular; many syncytial knots are seen (H & E x 130). 

MANDEL and his colleagues reported that the ratio of nuclear material (measur
ed as purine nitrogen) to cytoplasmic material (as non-purine nitrogen) decreased 
steadily from early to late pregnancy, a result which is similar to other aging 
tissues. Placentas from toxemic patients did not differ from other placentas of 
similar gestational age. 

WANG and HELLMAN and PAGE's group demonstrated decreased respiratory 
quotient and decreased anaerobic glycolysis in samples of placentas of advancing 
gestational age. These trends were exaggerated in pregnancy toxemia. Furthermore, 
PAGE observed more marked "Tenney changes" in those same placentas of toxemic 
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patients which were found to have decreased respiration in vitro. He suggested that 
the decreased oxygen consumption and decreased anaerobic glycolysis were due to 
diffuse trophoblastic injury in pregnancy toxemia. 

Monoamine oxidase activity is also decreased in the placentas from toxemic 
patients, suggesting that such amines as 5-hydroxytryptamine may accumulate 
locally, perhaps as a result of deciduo-placental ischemia. As a result of increased 
concentration of this active substance, vasospasm and local placental anoxia would 
be aggravated and the process perpetuated. This hypothesis is supported by a recent 
report of increased 5-hydroxytryptamine in placentas from toxemic patients (SENIOR 
et al.). Such an increase might also be explained by a local excess of L-aromatic amino 
acid decarboxylase, an enzyme which synthesizes most of the important biologically 
active amines, including 5-hydroxytryptamine. 

The morphologic indices of placental senescence are not applicable to the 
placenta which is retained for Ionger than a few days following fetal death. The 
placental atrophywhich occurs under these circumstances, regardless of gestation
al age and cause of death, bears certain morphologic similarities to the aging 
phenomena. The villous blood vessels disappear; the stroma becomes condensed, 
acellular, and focally calcified; the surface trophoblast is attenuated and syncy
tial knots are very numerous (Figure 193). When these changes have developed, 
any histologic signs of pre-existent villous abnormality, such as hydrops or 
sclerosing vascular lesions, may be completely obliterated. Valid interpretation 
of pre-existent diffuse placental abnormality, such as has been described in asso
ciation with hypertension, becomes impossible. 

lmportance of Placental lnfarction to the Fetus 

Despite the interest in placental infarcts in relation to matemal pre-eclampsia 
and eclampsia, hypertension, and renal disease (v. s.), the tissue destroyed is vital 
to the fetus, but not to the mother. Fetal survival and health depend on the main
tenance of sufficient placental tissue to allow the transfer of various substances and 
the synthesis of others which are required for his homeostasis, growth, and develop
ment. The vital placental tissue is maintained by the maternal organism. 

The functional reserve of the normal placenta is great, which explains its capacity 
to support the fetus even when substantial portions of placental tissue have been 
destroyed by infarction. KLOOSTERMAN & HUIDEKOOPER report that severe placental 
infarction is associated with a 40-fold increase in risk of "unexplained" perinatal 
deaths in comparison with non-infarcted placentas. These findings are essentially 
in accord with the views expressed by LITTLE. However, many placentas affected by 
infarction are not normal prior to its inception. Atrophy andfor fibrin deposition may 
have encroached on the functional reserve, rendering subsequent infarcts more 
hazardous to the fetus. Furthermore, there is physiologic and morphologic evidence 
that the uterodecidual circulation is often impaired in conditions of the gravida which 
antedate and predispose to placental infarction (BROWNE, MORRIS et al.). A reduction 
in flow of matemal blood to the placenta not only decreases the available supplies for 
transport to the fetus, but also may interfere with the nourishment of the placental 
tissue, per se. Supervention of destructive disease finds the placenta and the dependent 
fetus already handicapped as a result of such deprivation. Then infarction assumes 
greater importance and acute placental insufficiency may ensue. 

Finally, placental infarction should be discussed from the viewpoint of chronic 
placental insufficiency. BELTRAN-PAz & DRISCOLL found no clear evidence of an 
important röle of placental infarcts in causation of "dysmaturity". Admittedly, the 
conventional morphologic study of an organ of the size, complexity, and versatility 
of the placenta can be expected to identify only some of the lesions which have func
tional significance. However, these workers found infarcts in a total of 51%, old in
farcts in 45%, recent ones in 4%, and large infarcts, i.e., those measuring at least 3 cm. 
in one dimension, in 4% of 92 placentas associated with clinical dysmaturity. Multiple, 
usually small, infarcts were relatively common, 13% of "dysmatures" showing 2, 
10% 3, 2% 4, and 2% more than 4 infarcts. On the other hand, among the placentas 
associated with 47 "ideal" normal babies, infarcts were found in 53%, old infarcts in 
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49%, recent ones in 9%, and large infarcts in 4.5%. Multiple infarcts were slightly 
less frequent than in dysmaturity, 10% showing 2, 6% 3, and 2% (one specimen 
which contained 8 infarcts-6 old, 2 recent) more than 3 infarcts. Obviously, the dys
matures and the controls did not differ with respect to placental infarction. Others 
have attributed some cases of dysmaturity to placental infarcts (CLIFFORD, GRUEN
WALD, KLOOSTERMAN, inter alia) . It seems reasonable to expect that extensive, sub
lethal infarction which occurs early enough in gestation may compromise the placenta's 
capacity as an organ of transfer and synthesis and hence impair fetal nutrition and 
growth. 

Maternal ßoor infarction 

A curious placentallesion, which we have designated "maternal ßoor infarct", 
is illustrated in Figures 194 and 195. This uncommon condition is characterized 
by diffuse thickening of the maternal "ßoor" of the placenta, which is rendered 

Fig. 194. Gross appearance of matemal ßoor infarct. The entire matemal surface of the placenta is composed of 
slightly glassy, pale, smooth tissue, which tends to "iron·out" the usual ßssures and sulci. 

pale, either white, gray or yellow, and smoother than normal. Usually, the placen
tal substance contains increased quantities of fibrin , Langhans' subchorionic fibrin 
stria is thick, and numerous cysts may be visible through the placental amnion 
(Figure 164). Histologically, the thick "ßoor" is found to result from increased 
fibrin deposition within and adjacent to the decidua basalis, encasing the contigu
ous villi, which are necrotic or atrophic (Figure 196.) 

The pathogenesis of this lesion is not clear. However, there is a tendency to 
recurrence in consecutive pregnancies. The peculiar Iimitation of the villous 
necrosis to the placenta ßoor suggests a local cause at this site. Hematogenous 
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mechanisms or chorionic vasculitis on any basis would be expected to produce 
scattered lesions, rather than damaging all the structures at the matemal floor 

Fig. 195. A closer view of the same placenta as is illustrated in the previous figure . The glassy material, which 
constitutes the matemal surface of this placenta, also extends 2 to 3 millimeters beneath this surface and is sharply 

demarcated from thc renminder of the placenta, the latter appearing normal. 

Fig. 196. "Maternal floor infarct", as previous two figures. The placental floor (decidua basalis) is thickened by a 
marked increase in fibrin deposit which entraps villi. Some villl are necrotic or have become atrophic. Moderate 

Infiltration by mononuclear cells (H & E x 40). 

while sparing the other placental components. The intimate apposition of fetal 
and matemal tissues is most generalized at this site. This fact and the tendency 
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to recurrence in successive gestations suggest that "maternal ßoor infarction" 
is a consequence of host-parasite incompatibility of gravida and conceptus. 
However, the meagre inßammatory component of the lesion does not suggest a 
frank immune rejection phenomenon. Other characteristics are compatible with 
diffuse degeneration of the surface trophoblast, and an enhanced and generalized 
deposition offibrin secondary thereto. A third possibility isthat decidual arterioles 
become slowly narrowed by abnormal deposition or imbibition of material from 
the maternal blood or contiguous tissues. Such gradual sealing off of the arteriolar 
inßow would produce increasing stasis, fibrin precipitation, and atrophy of the 
ßoor of the placenta. Sudden acceleration of these phenomena would result in 
frank villous necrosis. However, several isolated observations suggest other 
mechanisms which may be operative in the pathogenesis of this unusual, but 
important, placental condition. Systematic consideration of cases in light of the 
following observations may be rewarding. 
(I) The lesion has been seen in rare cases of retention of the conceptus following 

early fetal death in erythroblastosis fetalis. 
(2) One gravida whose 9 reproductive failures have been associated with maternal 

ßoor infarction was found to have subclinical bacteriuria (Escherichia coli) 
on the occasion of her last, a relatively early, but morphologically typical, 
abortion. (Urines were not tested for bacteriuria during previous pregnancies.) 

(3) Some ofthe excessive material deposited on the maternal surface of the placen
ta reacted positively when stained with Congo Red. 
The descriptive morphologic approach and review of clinical histories associ

ated with maternal ßoor infarction have been generally unproductive. Useful 
information may be gained from curettage biopsies of the decidua basalis and 
decidua vera at the time of delivery. It might also be helpful to evaluate the 
possibility of disseminated vascular disease or chronic uterine and endometrial 
angiopathy in women who have bornesuch placentas. Whatever its cause(s}, this 
placental disorder is often disastrous for the fetus. Fetal death or premature birth 
is a common occurrence. However, occasional morphologically similar placentas 
are associated with the development and birth of normal infants. 

Disturbances of the Chorionic Circulation 

The fetus and placenta appear to be surprisingly vulnerable to thrombotic 
diseases. The maternal vascular lesions and their consequences have been discussed. 
Thrombosis is one of the catastrophic lesions of the umbilical vessels, the lifeline 
of the fetus, and is usually produced by compression of the cord (see Chapter IV, 
Umbilical Cord). The vessels of the chorionic plate are also highly susceptible to 
thromboses, often without immediate pathogenetic explanation. However, 
certain processes are particularly likely to darnage these vessels and thrombosis 
may then follow. 

Thrombosis of the vessels on the chorionic surface occurs in the course of some 
of the severe inßammatory diseases of this region, especially bacterial infection of 
longstanding (q. v.). Bland thrombi are sometimes found overlying a placental 
infarct, especially when the latter is large and involves the parenchyma conti
guous to the chorionic plate (Figure 182). Such thrombi do not seem to propagate 
into branches or tributary vessels, and appear to have no tendency to involve
ment of contiguous, non-infarcted placental tissue. Expulsion of meconium follow
ed by retention of the fetus in a suspension of meconium and amniotic fluid is 
occasionally accompanied by degenerative and even necrotizing responses in the 
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enclosing amnion (Figure 216). In a minority of cases, the adjacent chorionic 
vascular walls are damaged, and both inflammatory and thrombotic responses 
may ensue (Figure 212) . There is a tendency to polarization toward the amniotic 
sac, probably indicating the depth of penetration of the injurious agent into 
the tissue, no Ionger protected by an intact amnionic cover. 

The vessels which fan out upon the extraplacental membrane in instances of 
anomalous cord insertion, or even anomalous distribution of vessels from a normally 
inserted cord, are also vulnerable to thrombosis. Such vessels are especially likely to 
become injured when the membranes containing them lie between the presenting 
part and the lower uterine segment-internal cervical os (vasa previa), andjor when 
the decidua capsularis which overlies them is itselfnecrotic. Under these circumstances, 
the vessels may become damaged and thrombosis of varying completeness ensues. 

Less often the chorionic surface vessels show degeneration and contiguous 
thrombosis without an apparent underlying or causative local disturbance. Some 
of these have occurred in instances of abnormal or complicated pregnancy, them-

Fig. 197. Major chorionic vascular occlusion by a bland thrombns. Fetal death associated with matem al diabetes 
mellitus and hydramnios. (Same case as illustra ted in next figure) (H & E x 15). 

selves contributing to the complexities of the associated fetal pathology. The most 
frequent of such occurrences has been in association with matemal diabetes 
mellitus. AvERY et al. and TAKEUCHI & BENIRSCHKE have pointed out that renal 
vein thrombosis is a lesion of special predilection in the newborn offspring 
of diabetic mothers and have speculated on the pathogenesis. We have ob
served morphologically similar bland thromboses in chorionic vessels in the 
placenta in the presence of diabetes of the gravida more often than can be attri
buted to a chance association. In several cases these lesions appeared to explain 
the neonatal problems or the fetal death (Figure 197). Another observation in 
support of a common mechanism, presently obscure, for bland thrombosis of 
renal veins and chorionic vessels is their occasional occurrence in the same con
ceptus. Recently two such cases have been studied, one in the fetus of a diabetic 
and the other that of a non-diabetic mother (Figure 198). The increased occurrence 
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of thrombotic disease in the conceptus suggests generalized enhancement of 
coagulability of the blood, since there is no evidence for previous vascular disease 
at the sites of the thrombi. 

Fig. 198. Bland occlusive thrombosis of the renal vein, in a fetus of a diabetic mother. (Same case as illustrated in 
previous figure) (H & E x 30). 

Among 1718 unselected deliveries, the total frequency of gross thrombosis of 
vessels of the chorionic plate was 11, or 0.64%. The mean length of the umbilical cords 
in these eleven cases was 66 cm. Three of the cords had been around the neck of the 
child at delivery and a fourth was knotted. Only 2 of the 11 amnia and cords were 
normal in color. One fetus was stillborn. The ten neonates exhibited a variety of 
abnormalities, including dysmaturity (2), jejunal atresia, hyperproteinemia of un
known etiology, erythroblastosis fetalis, and neurological deficits. 

Thrombi are uncommon in the villous stem vessels and their branches and 
tributaries, even to the terminal villi. Most frequently, such thrombosis follows 
stasis peripheral to a site of occlusion of a chorionic surface vessel or an umbilical 
vessel (Figure 199). Grossly, the affected tissues are dry, pale, sometimes slightly 
yellow. The villous structures may appear exaggerated or coarsened. Infarction 
does not follow occlusion of chorionic vessels, whether major or minor. 

Bland thrombosis of chorionic vessels, usually stem vessels and those lying more 
peripherally, appears to be characteristic of some placentas associated with anti
platelet antibody in the gravida's serum (DRISCOLL). Four of seven placentas 
delivered to women with such antihoclies contained such lesions (Figure 200). 
Moreover, diffuse villous vascular thrombosis, with low grade inflammation of 
some areas and sclerosis of villi in others, characterized two placentas associated 
with perinatal death, in the presence of matemal antiplatelet antibody. Occasion
ally, among unselected placentas, similar lesions are seen, and tend to recur in 
consecutive pregnancies. Whether these, too, are primarily on the basis of un
diagnosed antiplatelet antibody reactions, with a diffuse thrombosis, is not known. 
In view of the fact that these lesions recur, andin the knowledge that the anti-
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platelet antibody is sometimes indistinguishable from homograft rejection anti
body (KLIMAN), speculations on the genesis of this thrombosclerosing placentitis 
should include matemal-fetal incompatibility. 

Fig. 199. Bland thrombosis ofve•sels in stem villi , in continuity with extensive occlusive thrombosis ofmajor vcins 
in chorionic plate. Clinically cxplained fetal death; diabctic mother; hydramnios; renal vein thrombosis at fetal 

autopsy. (H & E x 250). 

l<'ig. 200. Extensive occlusive thrombosis of viilaus and villous stem vesscls, associatcd with antiplatelet antibody 
in the mother. Livebirth; fatal neonatal thrombocytopenic purpura. (Masson's trichrome stain, x 100). 

Impairment of fetal vascular supply to portions of the placenta provokes 
characteristic changes in the chorionic tissuc distal to the lesions. Such lesions as 
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chorionic vascular thrombosis, compression of velamentous vessels, and occlusion 
or severe narrowing of umbilical vessels by knots and deformation about a fetal 
member have been associated with arterial, or more frequently, venous occlusions. 
The tree of chorionic tissue beyond the obstruction undergoes a slow atrophy, 
which is similar to the changes which follow fetal death , when delivery is delayed 

Fig. 201. Atrophie, avascuiar viiii distal to an old occlusive thrombosis of a l arge chorionic vessels. These villi 
resemble those seen after r etention of fetus and placenta for weeks followlng fetal death . (H & E x 75). 

Fig. 202. Placental changes followlng recent thrombotic occluslon of major vein on chorionic plate. Diabetic 
mother (Same case as iliustrated in Figure 211). (H & E x 100). 

(Figure 193). The vessels degenerate, and disappear, the villous stroma becomes 
condensed and hypocellular, and the villi shrink (Figure 201). Sometimes the 
affected villi show frank necrosis, with nuclear fragmentation and minimal in-
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flammatory reaction early in the process (Figure 202). Hemosiderin may be depos
ited in the villi, perhaps as a result of severe congestion and interstitial hemor
rhages when veins have been occluded. Similarly, the damaged villi may be 
edematous early in the genesis of the lesion (Figure 203). Finally, the placental 
parenchyma is rendered avascular, dry, firm, and pale, sometimes with a faintly 
yellow tint on gross examination. The individual structures are small, dense, but 

Fig. 203. Villous changes distal to thrombotic occlusion of !arge vein of chorionic plate. The viilaus cdema was 
associated with small hemosiderin deposits in activated Hofbauer cells. Grossly, this area was pale, faintly yellow, 

with an exaggerated viilaus texture. (H & E x 100). 

discrete, and without internal structure, the end stage of an atrophying process 
which erases the stigmata of its cause as time passes. Such are the reactions of 
portians of the placenta to impairment of the fetal circulation whether total or 
localized. These lesions have been interpreted by GRUENWALD as potentially 
productive of "chronic fetal deprivation" ( q. v.). 
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IX. lnfections 

lntroduction 
Placental infections are significant at all stages of pregnancy. Septic abortians 

follow introduction of bacteria into the uterus, by manipulation or by dissemina
tion from other regions ( vide infra). Bacterial infection of the placenta incurred 
during the second trimester is often followed by spontaneous delivery of an 
extremely immature fetus , whose death during or soon after birth cannot be 
averted. While some of these infections are induced by uterine instrumentation, 
many occur spontaneously, and often the precise pathogenetic mechanisms are 
not recognized. The rare fungous infections of the uterine contents during pregnan-

Fig. 204. Possible routes of access of micro-organisms to placenta: 

A. After membranes rupture, organisms may a seend from lower genital tract. 
B. Wlth membranes intact , organlsms may also aseend from lower genital tract to traverse decidua, chorion 

laeve, and amnion. 
C. Matemal bacteremia may deposit organisms directly i n intervillous space (IVS). 
D. Matemal bacteremia may deposit organisms in decidua basalis, from which site they may then invade conti

guous placental villi. 
E. During fetal bacteremia, organisms may be depositcd in villous tissues. 
F and G. Organisms lodged in a myometrial lesion, such as abscess, invade contiguous decidua basalis (in F), 

or decidua capsularis (in G), thence to invade IVS, villi themselves or membranes. 
H and I. From peritoneal c avity, organisms traverse oviduct and lodge in intervillous space (in H), or decidua 

basalis, thence through membranes to amniotic fluid (in !). 
J . Organisms originally lodged within a tubal lesion traverse the tube to Iuvade the intervillous space, as in H, 

or the decidua as in F, G, or I. 

cy appear to parallel those due to bacteria, in both pathogenesis and consequences. 
Authentie viral infection of the young conceptus, an uncommon complication 
of maternal viremic disease, may be teratogenic or even abortigenic. These agents 
also induce intrauterine infections during later pregnancy, involving placenta 
and fetus , and often with clinical manifestations which are unique to this period 

22° 
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of life. Among parasitic diseases, toxoplasmosis is the most widely known cause 
of placental infections occuring in early and late pregnancy. While the possible 
pathogens to the placenta are Iegion and their effects varied, bacterial infections 
overshadow all the others in frequency and clinical significance. 

Infections are often responsible for antenatal death, neonatal disease, and death. 
Perhaps infections may initiate premature labor. Their contribution to cerebral 
palsy and related neurologic, sensory, and behavioral disorders is incalculable. 
Intrauterine, placental infections are sometimes associated with maternal morbidity 
and mortality. However, the darnage to the contents of her uterus usually out
weighs the effects of these infections on the gra vida herself. 

Infections reach the placenta by ascent from the lower genital tract, by conti
guity with endomyometriallesions, transtubally, and via the matemal circulation 
(Fig. 204). When transorificial fetal infection induces fetal bacteremia, seeding of 
the placental parenchyma with organisms may lead to secondary inflammatory 
lesions, with their own clinical manifestations. The converse also occurs. Clinical 
observations and experimental studies, with morphologic correlations, suggest 
that most, if not all, infections reaching the embryo and fetusdarnage the enclosing 
structures, the placenta and its adnexa, the fetal membranes and umbilical cord. 
Comprehensive reviews of fetal and placental infections have been published by 
FLAMM, BENIRSCHKE & BLANC. 

Bacterial Infection 

The usual portal of access for bacteria to the placenta is the lower genital tract, 
and the spread is transmembranaus (Fig. 204 A, B). Most frequently the causative 
agents are the common residents of the vagina and cervix of the pregnant woman 
(WEINSTEIN, SMITH, GossELIN, MoRISON, BLANC). Reference to TableI indicates 
that these are often organisms which are ordinarily regarded as of low virulence, 
for example: such bacteria as enterococci, Aerobacter aerogenes, and Proteus 
species are only occasionally cultured from cervix or vagina and from uterine 
contents. Rare, but more aggressive, invaders of the uterus from the lower birth 
canal are the pneumococcus, Staphylococcus aureus, and Clostridia species. 

Identification of the same bacterium in both the placenta and the lower genital 
tract is strong evidence that most placental infection develops by contiguous 
ascent of vaginal and cervical flora. The conditions necessary for this invasion of 
the usually sterile uterine contents are only partly known. The factors which 
ordinarily exclude such migration of bacteria from the neighboring structures 
into the uterus are even less understood. 

There is general agreement as to the importance of prolonged and premature 
rupture of fetal membranes, prolonged Iabors, cervical and vaginal instrumenta
tion, and placenta previa in the pathogenesis of intrauterine infections. 

Studies of the placentas of twin births provide additional evidence on the patho
genesis of chorioamnionitis. In examinations of consecutive twin placentas at the 
Boston Lying-In Hospital, BENIRSCHKE demonstrated selective involvement of the 
membranes of the firstborn twin by inflammation. His data on 250 sets of twins are 
shown in Table II. The frequency of membranitis was 39 in 250 twin pregnancies, 
or 48 in the 500 twins born. In all cases in which any inflammation was fonnd, and 
in which the position of the placenta(s) in utero could be determined by birth order 
of the twins, the membranes of the leading twin were found to be inflamed. Those 
of the second twin were inflamed only in the company of membranitis of the first sac. 
Both sacs showed inflammation 9 times in the 250 cases studied. DRISCOLL's correlative 
review of placental morphology, bacteriology, and clinical course included 34 fully 
studied twin gestations. Among these, 7 showed inflammation of the membranes of 
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at least one sac, 3 chorionitis alone and 4 both chorionitis and amnionitis. In 3 in
stances, both sacs were inflamed, that of the firstborn twin more severely affected 
than that of the second in 2 of the 3. In 4 cases, the leading placenta showed mem
branitis while the other was spared. In 7 of the twin pairs at least one umbilical cord 
was inflamed; both members of 5 twin births showed similar degrees of umbilical 
angiitis; discordant vasculitis affected the first twin once and the second twin once, 
sparing co-twins in each instance. Bacteriological data were inconclusive as to selectiv
ity in these cases. 

Table II 

250 Oonsecutive Twin Placentas 
39 showed inflammation: 

In 30, only Twin 1 was affected 
In 9, both Twins were affected 
In 0, only Twin 2 was affected 

13 lnflamed Placentas were monochorial: 
All had fetal vascular anastomoses -
but only 5 showed infl.ammation in both sacs. 
(One of the latter was monoamnionic) 

The correlation of placental inflammation and position of twin gestational 
sacs corroborates other evidence that chorioamnionitis develops in response to 
factors operative at the lower pole of the uterine cavity. Also, there is frequent 
sparing of the second twin even when chorionic andfor transvillous anastomoses 
link the two fetal circulations, i. e. in many monochorionic placentas (Table II). 
This observation indicates that the inflammatory reaction in chorioamnionitis is 
initiated locally, and is not disseminated via the fetal vessels. 

Many investigators report a direct correlation between risk of intrauterine 
infection and time elapsed from rupture of membranes to delivery (SLEMONS, 
SmnALL, MoRISON, MciLWAINE, KJESSLER, BENIRSCHKE, BLANC). Differences 
among series are mainly attributable to differences in definitions of infection and 
in diagnostic criteria used (vide infra). SIDDALL, who equated inflammation ofthe 
membranes with infection, found an incidence of "membranitis" of 2.6%, when 
rupture occurred 6 hours or less prior to delivery, 6.3% after 6 to 24 hours of 
ruptured membranes, and 22.1% when the interval exceeded 24 hours. According 
to MciLWAINE, the frequency of membranitis was 3.3%, after 0 to 6 hours of 
ruptured membranes, 16.3% after 6 to 24 hours, and 51.7% after more than 
24 hours of ruptured membranes before delivery. BENIRSCHKE reported a steadily 
rising frequency of chorioamnionitis after 9 hours of ruptured membranes. In 
2,000 unselected, nearly consecutive births studied personally at the Boston 
Lying-in Hospital, the frequency of inflammation of fetal membranes increased 
from 16% after intervals of less than 24 hours, to 26% at 24 to 48 hours, and after 
48 hours chorioamnionitis was present in 53% of placentas (Figure 205). Inflam
mation of the umbilical cord vessels follows the same trends. (For example, see 
Figure 206, from the same series of 2,000 deliveries cited above.) 

Bacteriologic sturlies also relate contamination of the amniotic fluid and duration 
of ruptured membranes, either prior to delivery or prior to labor (GossELIN, BLANC). 
In our series of 2,000 obstetric cases studied clinically, pathologically, and bacterio
logically, results of cultures, per se, were inconclusive. Doubtless this was because 
most of the placentas had traversed the lower genital tract prior to examination, and 
because the cultures were then taken from the exposed amniotic surface. However, 
in conjunction with other data, bacteriological cultures become very useful. 

While the risks ofinfection have been shown to increase significantly following 
rupture of the membranes, infection cannot be ruled out solely because the 
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membranes are known tobe intact (vide infra) (SoRBA, BENIRSCHKE, MoRISON). 
MoRISON has suggested that the membranes at the lower pole of the ovisac, stretch
ed over the internal cervical os and the presenting, descending part of the fetus, 
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Fig. 205. Incidence of chorioamnionitis rises with prolonged rupture of membranes. Shaded areas indicate relative 
frequency of inflammation of membranes at stated intervals between rupture of membranes and delivery, as a 
percentage of the total number of cases delivered at each interval. The number in each group is inscribed within 

the corresponding bar of the histogram. 

might thus become devitalized, and more easily infected. BouRNE biopsied the 
"dependent" or "cervical" membranes, i. e. those overlying the internal cervical 
os. According to these studies, degeneration or even frank necrosis is frequent 
at this site, in relation to premature rupture of the membranes, and, especially 
near term, when membranes are still intact. Such weakened structures can be 
expected to provide less effective barriers to infection. 

Prolongation of labor has also been found to increase the hazards of infection 
of placenta and fetus, an effect only partially accounted for by the oft associated 
prolonged rupture of the membranes (SIDDALL, DouGLAS, ScHAFFER, ANDERSON 
et al., HARNAES and ToRP, M!Z!LLER). Differences may be attributed to variations 
in diagnostic criteria. However, to evaluate the importance of prolonged labor, 
per se, on the occurrence of infection, it becomes necessary to isolate this effect 
from the effects of other factors commonly associated with increased risk of 
infection, especially premature labor and increased frequency of pelvic examina
tions. 
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When the placenta overlies the internal cervical os, the risk of bleeding is 
great, but there is also an increased hazard of ascending infection. The decidual 
necrosis and hemorrhage associated with focal detachment of placentas previa 
are in contiguity with the endocervix, from which direct bacterial invasion of the 
placenta then occurs (IRVING). 

Instrumentation or manipulation of the cervix and vagina are obvious mechanisms 
by which bacteria may be introduced into the uterus, either extraovularly or 
directly into the ovisac (FLAMM). While this mode of contamination is most 
important in induced abortions ( q. v.), douching, coitus, and even pelvic examina
tions may also precipitate the same sequenM of events (S!DDALL, OöATz). 
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Fig. 206. Incidence of umbilical phlebitis rises with prolonged rupture of membranes. Bars indicate the relative 
frequency of inflammation of umbilical vein at delivery after cited intervals. The shaded portions indicate those 
exhibiting severe inflammatlon. The number of cases is also inscribed on the corresponding portion of the histogram. 

Many times none of these factors is present, yet placental and even fetal 
infections are demonstrable. In such instances, clinical vaginitis or a severely 
inflamed cervix may be encountered. Placental infection is not infrequently 
associated with premature dilatation or incompetence of the internal cervical os, 
even when the membranes are intact. 

The pathogenetic mechanisms in placental infections which occur in relation 
to the clinical phenomena just cited are obvious. Either the normal barriers to 
infection are disturbed or organisms unusual in nurober or virulence are introduced. 
There remains an appreciable incidence of placental infection not related to such 
events, and in which the pathogenesis is obscure. Infections vary in degree of 
clinical manifestation and placentitis may be clinical silent. Sturlies of unselected 
births are, therefore, necessary to determine the total incidence of placental 
infections and the relative importance of those which occur without the overt 
antecedents detailed above. 

Among placentas delivered spontaneously, the incidence of inflammation of 
cord and membranes varies inversely as the gestational age and, similarly, as the 
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birth weight. Reference to Table III indicates the frequency ofumbilical vasculitis 
in relationship to gestational age. Gorrelativereview of 2,000 case'S (vide supra) 
disclosed some degree of umbilical angiitis in 18%. However, cases delivered bet
ween 20 and 28 weeks' gestation showed this condition 42% of times. In the same 
series, chorioamnionitis was also correlated with prematurity. Table IV indicates 
this relationship, expressed as birth weight. Births under I ,000 grams, and not 
including abortions, were associated with membranitis 50% of times, yet the total 
group showed an incidence of 10.7% (see Chapter XI, Abortion, for further 
discussion). 

W eeks Gestation 

20~28 

>28~32 
>32~36 
>36~40 

>40 
All Livebirths 

Weight (Gm.) 
>2500 
<2500 
>1000, <2500 
<1800 
<1000 

Table III. Gestational age and umbilical vasculitis 

(2000 Unselected Placentas) 

% Umbilical Vasculit:s 

Table IV. Birth weight and chorioamnionitis 

(2000 Unselected Placentas) 

42 
26 
15 
17 
19 

18 

% Chorioamnionitis 
9.9 

20.0 
18.0 
36.00 
50.0 

It is interesting to note that, although chorioamnionitis and umbilical vascular 
inflammation tend to occur together, the former is more strongly associated with 
premature births and the latter, relatively more frequent at term. Two factors 
which may be involved in this non-parallelism are: (l) the reduced capability of 
the fetus to martial an inflammatory infiltrate early, and (2) the appearance of 
non-bacterial potential etiologies of umbilical vasculitis as term approaches. 
In general, although the interval between rupture of membranes and delivery, as 
well as the duration of Iabor, also influence the incidence of chorioamnionitis, their 
effects are not as great as that of gestational age at the onset of Iabor. 

Ascending bacterial infections of the placenta tend to recur in successive 
pregnancies. Forthis reason, and because such infections are often associated with 
fetal wastage, membranaus placentitis is one key to the "high risk pregnancy" 
(CLIFFORD ). These illustrative case histories will indicate some of the clinical 
features of the pregnancies at risk, and their tendency to recurrence. 

Gase 1: G. H., a 28 year old, married negress, gravida 9, para 5, is in general good 
health. Blood Group is O,Rh positive; Hintontest is negative. Obstetrical history: 
three term deliveries, 1950, 1951, and 1952, two males and one female child, weighing 
8lb. 8 oz.; 7lb., and 71b. 7 oz.; 1959: spontaneous abortion at 16 weeks' gestation, 
followed by curettage (no histological data); 1960: "missed abortion" at 6 weeks' 
(no histological data); 1962: ovarian cystectomy during pregnancy, spontaneous 
abortion at 12 weeks', curettage (no histological data), and pelvic cellulitis; 1963: 
spontaneous premature rupture of membranes at 32 weeks' gestation; spontaneous 
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premature labor 4 days later; 4 lb. 4 oz., male infant born after 4 days ruptured 
membranes, and 3lf4 hours of labor. Placenta showed massive, necrotizing chorio
amnionitis, deciduitis, and umbilical vasculitis; gram negative bacilli were seen in 
sections of these tissues. The child survived after a stormy neonatal period, compli
cated by pneumonia and septicemia due to Escherchia coli. 1964: spontaneaus 
premature labor at 33 weeks' gestation; 3 lb. 13 oz. female infant born after 4 hours 
of labor, and 5 days of ruptured membranes. Again, massive chorioamnionitis, deci
duitis, and umbilical vasculitis, due to gram negative bacilli. The infant died after 
6 hours; autopsy demonstrated extensive aspiration pneumonia, from which E. coli 
was cultured. Six weeks later, vaginal bleeding led to curettage; diagnosis was 
chronic endometritis, nonspecific. 1964: spontaneaus abortion at 18 weeks' gestation; 
developmentally normal male fetus and placenta recovered; massive chorioamnionitis, 
deciduitis, and umbilical vasculitis, with histological demonstration of gram negative 
bacilli in these tissues. Aspirated pus was seen in bronchi and swallowed exudate in 
stomach. Coliform organisms were cultured from the chorion. None of the last 3 
successive pregnancies, labors, or puerperia was attended by fever or other clinical 
expression of infection in the gravida. 

Oase 2: M. D., a 28 year old, white, married woman, gravida 3, para 2, is in general 
good health, except for an intermittently infected pilonidal sinus, but is an "irregular 
ovulator". Blood group is 0, Rh positive, and Hinton test is negative. Obstetrical 
history is as follows: 1958: "missed abortion" at 20 weeks (no histological data avail
able); 1960: treated with Stilbestrol, Delalutin, thyroid, and Kynex during preg
nancy; bled during first trimester; spontaneaus premature labor at 30 weeks' gestation; 
3 lb. 5 oz., male infant born after 4lf4 hours oflabor and 2lf4 hours of ruptured mem
branes. Placenta showed massive necrotizing chorioamnionitis, deciduitis, and um
bilical vasculitis. Escherichia coli was cultured from membranes. Infant died of con
genital aspiration pneumonia at 5 hours of age; E. coli was cultured from the lungs 
at autopsy. 1960: puerperal urinary tract infection; E. coli was cultured from the 
urine. 1961: pilonidal sinus became infected and discharged pus during second tri
mester of pregnancy; spontaneaus premature labor at 30 weeks' gestation; 2 lb. male 
infant born after 2 Y2 hours of Iabor and 15% hours' ruptured membranes; placenta 
again showed massive inflammation of membranes, decidua, and cord vessels. Infant 
died of congenital aspiration pneumonia at 45 Y2 hours of age; E. coli was eultured 
from placental membranes and neonatal lung. There was no maternal complication 
postpartum. Diagnostic endometrial curettage 4 months after delivery showed normal 
endometrium, without endometritis. 

Oase 3: B. M., a 33 year old, white married nurse, gravida 8, para 6, complains of 
chronic bronchitis. Blood Group is A, Rh positive, Obstetrical history is as follows: 
1958: uneventful, term delivery of a normal male infant, weighing 9 lb. 6 oz.; 1954: 
uneventful delivery of anormal female infant weighing 7 lb. 4 oz. at 37 weeks' gestation; 
1955: uneventful delivery of a male infant weighing 6 lb. 3 oz., at 34 weeks' gestation; 
1956: uneventful delivery of a female infant weighing 5 lb. 9 oz. at 36 weeks' gestation; 
1956: spontaneaus abortion at 12 weeks, followed by curettage (no histological data 
available); 1957: stillbirth of a male fetus at 28 weeks, no further data; 1958: cesarean 
section because of a prolapsed cord and suspected placenta previa, at 28 weeks' with 
delivery of a male infant who survived. 1959: spontaneaus premature rupture of 
membranes at 35 Y2 weeks' gestation, followed by spontaneaus onset of premature 
labor. During labor, gravida's temperature rose to 103° and fetal heart rate to 200 per 
minute. Antibiotics were administered intravenously, and cesarean delivery followed. 
Total interval of ruptured membranes was 2 days; duration of labor was 6 Y2 hours. 
Escherichia coli was cultured from the uterine cavity at the time of delivery. The female 
infant weighed 2,660 gm., was moribund at birth, and expired after 2 hours and 
17 minutes. Autopsy showed swallowed pus in stomach, tracheitis, multiple visceral 
thrombi, and evidence of septicemia, but no pneumonia; cultures of blood and lung 
grew Aerobacter aerogenes and Escherichia coli; placenta showed severe necrotizing 
chorioamnionitis and umbilical vasculitis; a massive growth of Aerobacter aerogenes 
was obtained on culture of the fetal membranes. The postparturn coursewas afebrile 
and otherwise uneventful. 

The three clinical histories comprise 20 pregnancies, only 4 of which ended 
normally, at term, with birth of healthy infants who survived, and these were 
the early pregnancies ofthe two initially successful gravidas. Laboratory documen
tation of the immediate cause of fetal wastage as intrauterine placental infection 
is clear in 6 of the deaths, and in the neonatal morbidity of one other child. Data 
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are not available on the products of the 3 first trimester abortions. Rowever, 
current evidence does not indicate that ascending infections are responsible for 
spontaneous early abortion (See Chapter XI, Abortion). Five pregnancies terminat
ed spontaneously in the second trimester, and only one of the progeny survived. 
The status of the placentas of 4 of these 5 is unknown, as is that of the offspring 
who died. One 16 week abortus showed massive intrauterine infection affecting 
placenta and fetus. Data on placentas of the 3 somewhat later premature infants, 
who also survived, arenot available. Rowever, there is strong suspicion of recur
rent placentitis in all of the abnormal pregnancy performance of these 3 patients. 
All of the documented infections were caused by gram negative bacilli, and often 
the same species recurred as pregnancy failure recurred. One gravida had a history 
of pelvic inflammatory disease; one had an intergestational urinary tract infection 
and a draining pilonidal sinus; the third had "chronic bronchitis". One woman 
had experienced 9 pregnancies in 14 years, the last 5 in as many years. Another 
had been pregnant 8 times in 6 years. Except for these tenuous clues, no factor(s) 
predisposing to repeated infections have been recognized. There was no clinical 
evidence of an unusual type or severity of vaginal or cervical infection or of 
cervical "incompetence" in these patients. Longitudinal study of such cases should 
include serological characterization of the organism(s) implicated, intragestational 
cultures of cervix, vagina and urine, intergestational biopsies of endometrium and 
endocervix, cervical function studies, appropriate cultures of the genital tract of 
the husband, and careful review of habits of hygiene and sexual activity. By such 
means the pathogenesis of the individual case may be unravelled. Until then, 
the bad past obstetrical history itself must constitute a clinical source of high 
suspicion of placental infection in subsequent births. 

The high incidence of membranaus placentitis in all reported series casts some 
doubt on the validity of attributing this reaction to infection (BoURNE). Rowever, 
frank clinical infection of the gravid uterus is virtually always associated with 
placental inflammation, morphologically indistinguishable from that seen so often 
without overt morbidity. Moreover, the same factors which have been shown to 
be associated with increased risks offrank clinical infection of the gravid uterus 
and its contents are similarly associated with chorioamnionitis. Data derived 
from postmortem study of perinatal deaths indicate that congenital bacterial in
fections such as aspiration pneumonia, otitis media, and gastroenteritis are always 
associated with inflammatory reactions in the fetal membranes (KoBAK, SoRBA, 
BLANC, BENIR.SCHKE, KJESSLER). There are few available data on combined histo
pathological, bacteriological, and clinical studies of placental inflammation and 
"infection" (vide infra). 

Our own studies on these relationships employed bacteriological cultures of 
the amniotic surface of the newly delivered placentas and the throats of the new
born offspring. Perhaps because of traverse of the birth canal, bacteria were fre
quently found, and, on the whole, little correlation with pertinent clinical factors 
orjand placental morphology was demonstrated. However, in specific instances, 
the bacteriological data were highly significant to an interpretation of the patho
genesis of infections, which began in utero. When cultures of the amniotic surface 
yielded evidence of the presence of hemolytic streptococci, Staphylococcus aureus, 
or Proteus species, chorioamnionitis was the rule, and morbidity of gravida and 
offspring was frequent. Such correlations were less frequent when the cultures grew 
Escherichia coli, or Staphylococcus albus. Rowever, as has been illustrated by the 
histories of recurrent fetal wastage cited above, even such common organisms 
are responsible for significant intrauterine infection, and are not to be dismissed 
from consideration in relationship to clinical and histopathological abnormality. 
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Because ofthe usual paucity, even absence of signs in the gravida, the diagnosis 
of placentitis is often not suspected until the placenta is delivered. The pathologic 
manifestations of ascending bacterial infections are similar, regardless of the 
causative organism, depending on two factors: the gestational age of the con
ceptus and the duration of the infection. 

Fig. 207. Gross appearance of severe chorioamnionitis. The fetal membranes are "milky" and opaqne, obscuring 
the color of the blood within the large vessels of the chorionic plate. 

Grossly, such an infected placenta may appear to be normal. Sometimes the 
presence of infection is suggested by cloudiness, even opacification, of the usually 
transparent membranes (Figure 207). This is most readily appreciated when the 
infiltrate obscures the color of fetal blood within the thin-walled vessels of the 
chorionic plate. The normally smooth, glistening amniotic surface may be dull 
and diffusely, finely granular. The color of the fetal membranes may be grayish, 
yellow, tan, green, or even white. Chorionic vascular thrombosis sometimes ac
companies the inflammatory infiltration (q.v.). The umbilical cord may appear 
normal, but often a yellowish stain is apparent. Increased friability of the cord 
and edema of Wharton's jelly also suggest infection. Transection of the placental 
substance does not usually reveal gross deviations from the normal color and 
texture. Occasionally, the infected placenta is diffusely pale and edematous. 
A malodorous placenta raises a strong suspicion of bacterial infection in utero. 

Unusually extensive decidual necrosis, on the sac, at the margin, and on the 
maternal surface of the placenta, always suggests the presence of bacterial in-
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Fig. 208. Matemal polymorphonuclear leukocytes Infiltrate the decidua capsularis, chorion laeve, and amnion 
(H & E X 140). 

Fig, 209. Leukocytic Infiltration of Langhaus' subchorionic fibrin, chorionic plate and amnion( H & Ex 1110). 
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fection. These changes may be associated with small, often multifocal, hemorrhages, 
whose brownish color indicates a duration of days or weeks prior to delivery. 
The increased friability of the necrotic decidua capsularis and extraplacental sac 
often renders complete removal difficult, thus increasing the hazards of matemal 
bleeding and postparturn infection. 

The histological features depend particularly on the duration of the infection. 
Initially, maternalleukocytes infiltrate the decidua capsularis, gradually permeate 
and traverse successively this tissue, the chorion laeve, and overlying amnion 

Jfig. 210. Chorionitis, with maternallenkocytes lnvading the fetal membrane after retention of placenta, 40 hours 
following fetal death (H & E x 130). 

(Figure 208). Simultaneously with evolving membranitis, the placenta, per se, 
becomes involved. Maternalleukocytes first migrate at the subchorionic Langhaus' 
layer of fibrin, gradually penetrate this zone, then successively the contiguous 
chorionic plate and amnion (Figure 209). Such reactions occur even in the absence 
of a living fetus. Indeed, following fetal death, some degree of chorionitis is seen 
universally when the uterine contents are retained for more than 12 hours 
(Figure 210). 

In most cases, fetal vascular participation in the inßammatory reaction soon 
becomes manifest, with migration of leukocytes from the fetal circulation into 
the walls of vessels of the chorionic plate and umbilical cord, first the vein, then 
the arteries, and beyond them, into the cord substance (Figure 2ll). Typically, 
this infiltration of fetal vessels is "polarized" toward the amniotic sac, rather 
than occurring concentrically. Occasionally such vessels are sites of mural throm
bosis, similarly oriented upon the intima nearest to the amnion, sometimes pro
gressing to vascular occlusion (Figure 212). 

Fulminant chorioamnionitis may be characterized by necrosis of amnion, even of 
contiguous chorion and chorionic vessels (Figure 213). Two histological peculiarities 
of distribution of the inflammatory reaction suggest that the noxious influence acts 
from within the amniotic sac: the orientation of early fetal vascular infiltrations 
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toward the amnion, and the severer degree of necrosis which affects the amnion 
as compared to the chorion. After a few days the cellular infiltrate in the amnion 
and chorion appears to be less well preserved, and suggests a degree of chronicity 
and beginning repair (Figure 214). Rarely, eosinophilic granulocytes are pro
minent. Even less often, the inflammatory cells degenerate and resolution begins. 
Perhaps this is the sequence in cases of unusually early rupture of the membranes, 
followed many weeks later by delivery of weil infants, with neither clinical nor 
placental evidence of infection. 

Fig. 211. Funisitis, with inflltration of fetal leukocytes iuto umbilical vein and surrounding Wharton's jelly 
(H & E x 100). 

The maternal component of these infections is usually limited to the transit 
of leukocytes across the decidua and the subchorionic fibrin , into the fetal mem
branes. Occasionally, however, acute intervillous inflammation occurs, usually 
involving the subchorionic region, andin such cases maternal symptoms indicate 
the presence of infection (Figure 215). Also, amniotic fluid may dissect between 
Iamina of membranes, gaining access to decidual vessels. Infusionofthis material 
into the maternal circulation may induce fever and other signs of bacteremia in 
the mother, if the amniotic fluid has been contaminated. 

The degree of leukocytic invasion sometimes varies from one area of the mem
branes to another and from one Ievel of the umbilical cord to the other. Also, 
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the intensity of infiltration of these fetal adnexa may be relatively unimpressive, 
when the offending organism is highly virulent to the fetus. For example, chorio
amnionitis produced by streptococci is likely to be reflected by only a mild 
neutrophilic reaction in the membranes, while producing severe fetal disease. 
In terms of gestational maturity, the greatest variation of the inflammatory 
reaction is seen in the umbilical cord. WoHLWILL and BocK, and STAEMMLER 
pointed out that fetal angiitis is not manifested before about 16 weeks' gestation, 
regardless of the status of the membranes. BLANC reiterates these findings. We 
have reviewed this question in 32 specimens from spontaneous abortions, occur
ring at 9 to 20 weeks. Leukocytic infiltration of fetal vessels was not seen until 
13.5 cm. CR length or 15% weeks ovulation age although chorioamnionitis was 
frequent. After this, umbilical vasculitis was a common accompaniment of chorio
amnionitis, reflecting in degree the severity of the reaction in the membranes, 
as is seen at and near term. 

Fig. 212. Angiitis with mural thrombosis of vessel of chorionic plate, the more severe darnage occurring nearest 
the Iiquor amnil (H & E x 40). 

Two other morphological peculiarities of these inflammatory reactions of the 
fetal adnexa require comment: (1) the chorionic vasculitis is usually limited to 
the vessels of the chorionic plate itself, not even extending to their immediate 
large branches and tributaries, and (2) the umbilical angiitis is almost always 
confined to the vessels of the cord itself, "stopping" at the belly wall. Both of 
these phenomena demand explanation. With the "amniotropism" shown by the 
emigration of fetal leukocytes from umbilical and chorionic vessels toward the 
amniotic cavity, these features of the inflammatory response suggest a strong 
chemotactic influence exerted by the nearby abnormal amniotic fluid. 

Because ascending bacterial infections produce the histological changes just 
described, the placental examination is often used in the diagnosis of intrauterine 
infections. The clinical utility of such an examination is obvious, becoming especially 



Bacterial Irrfeetions 353 

important in the diagnosis or exclusion of congenital infection as the basis for neonatal 
morbidity. However, prospective studies on unselected births indicate that the 
incidence of histological placentitis, as described above, exceeds that of overt perinatal 
disease as a whole, and is certainly much greater than that of clinically frank infection 
(vide infra). 

Fig. ~13. Necrotiziug inflammation of membranes and chorionic vessels (H & E x 50). 

The urgency which sometimes attends the diagnostic study of neonatal illness, 
especially in the premature, requires rapid methods of establishing the presence of 
infection. BLANC suggested the use of imprints of the chorion, which could be stained 
with gram stain and other stains, such as Giemsa, for the identification of exudate 
and classification of bacteria. He later recommended preparation of SMEARS of gastric 
contents and spreads of stripped amnion for the same purpose. BENIRSCHKE and 
CLIFFORD preferred the preparation of frozen sections of umbilical cord for histological 
demonstration of leukocytic infiltration and, less often, bacteria. Others have prepared 
smears of the pharyngeal secretions, stained for bacteria and for leukocytic exudates 
(ANDERSON et al., KJESSLER). Each of these methods yields a "positive" result when 
the fetal adnexa are severely inftamed. Congenital bacterial infections are exceptionally 

Handbuch der pathologischen Anatomie YII/5 23 
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rare without such inflammation. However, microorganisms and leukocytes may have 
entered the neonatal stomach and hypopharynx from sources other than amniotic 
exudate, in transit through the lower birth canal. 
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Fig. 214. Longstanding chorioamnionitis, with suggestion of repair. (H & E x 160). 

Fig. 215. Subchorionic intervlllous inftammation. CoUections of leukocytes occupy the intervillous space in this 
region; villous Invasion is evident (H & E x 130). 

The value of a positive report by these rapid surveys is that it may link other 
clinical data together, in the evaluation of the sick baby; a negative report excludes 
most congenital bacterial infections. However, neonatal morbitidy due to infection 
acquired in utero is uncommon compared to the frequency of inflamed membranes 
and umbilical vessels, in unselected case material (BENIRSCHKE, BLANC, DRISCOLL). 
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Inflammation of the fetal membranes is a surprisingly frequent finding on 
review of unselected clinical cases. In a series of 2,000 such unselected, nearly 
consecutive cases, random sections of membranes indicated some degree of poly
morphonuclear leukocytic infiltration 16% of times-11% chorioamnionitis, 
5% chorionitis without amnionitis, and no cases of amnionitis alone. Most in
fected placentas show not only chorioamnionitis, but also umbilical vasculitis. 
Again, review of unselected births demonstrated that neutrophilic infiltration of 
the umbilical vessels, especially the umbilical vein, occurs frequently and is usu
ally silent clinically. In the series of 2,000 cases cited above, umbilical vasculitis 
was recorded in 19%, andin 3% was described as "severe". Most of the umbilical 
angiitis occurred in association with membranitis. However, in a minority of 
cases, the membranes showed no acute inflammatory infiltrate. In such instances, 
there was usually a dernonstrahle anomaly of cord insertion, local compression 
of the cord, or evidence of prolonged exposure to meconium, all of which are 
other recognized potential causes of umbilical vascular inflammation. 

In the series of 2,000 cases studied bacteriologically as well as pathologically 
and clinically, cultures were prepared from the fetal surfaces of the placentas 
just following delivery. Some 40% of these yielded bacterial growth (see Table V 
for array of organisms isolated). In general, the results of cultures could not be 

Table V. Bacteria isolated from amniotic surface 

(2000 Unselected Placentas) 

Organism 
Staph. albus, coag. neg. 
E. coli 
Diphtheroids 
Candida sp. 
Strep vir. 
Klebs.-Aero. 
Paracolon sp. 
Staph. aur., coag. pos. 
Others 
* Multiple organisms in some cases 

% of Positive Oultures * 
49 
I9 
I8 
I4 
3 
1 
I 
I 
I 

correlated with clinical course of mother and child and histopathological abnorma
lities of the placentas. This was especially true of cultures from which ubiquitous 
bacteria, such as Staphylococcus albus and Escherichia coli, were reported. The 
difficulties of interpretation of these cultural findings accrue from several sources: 
(1) most of the infants and placentas had traversed the birth canal, wherein 
surface contamination might ha ve occurred; (2) most placental infections are 
caused by vaginal and cervical flora, which makes identification of such organisms 
less useful indicators relevant to frank infection; (3) the bacteria which are respon
sible for most placental infections are of low virulence under other circumstances; 
and (4) bona fide placentitis may occur without clinical morbidity of either child 
or mother. Some of these difficulties can be circumvented by correlative review 
of the associated placental findings and the clinical circumstances. In specific 
instances, notably on isolation of relatively uncommon organisms, such as hemo
lytic streptococci and Staphylococcus aureus, placental and fetal andfor maternal 
diseases are usually demonstrable. 

The entire clinical series from which the sample of 2,000 cases described above 
was taken comprised 3,623 pregnancies. The total perinatal mortality of the 3,623 
cases was 74, or 2.05%, 38 deaths occurring in utero and 36 neonatally. Another infant 
who was ill at birth died at 35 days of age. Close study of these deaths led us to attri-

23* 



356 IX. Irrfeetions 

bute the lethal outcome to bacterial infections in 16 cases, 3 fetal and 13 in infants, 
7 of the latter occurring within the first 48 postnatal hours. Eight of the 10 deaths 
which took place in utero or within the first 2 days after birth were associated with 
placental inftammation, expressed histologically as membranitis. The other 6 babies 
died at postnatal ages which ranged from 80 hours to 35 days. The placentas of 2 of 
these infants, both of whom had been ill at birth, were also inftamed. 

Irrfeetions were diagnosed in another 26 infants who survived. These included 
such diagnoses as pneumonia, Iaryngitis, omphalitis septicemia, conjunctivitis, 
dacryocystitis, and pustular dermatits. In general, the probability of associated 
chorioamnionitis was great~r, the earlier the clinical onset of illness. Of 6 newborns 
found to have septicemia, 3 were associated with inftammation of the fetal membranes 
and one of those not so associated was not ill until 11 days after birth. 

Bacteriological cultures of the placentas were positive in 26 of the 42 infected cases. 
Fourteen percent ofthe clinically infected babies were born prior to 36 weeks' gestation 
and 28% weighed less than 2,500 grams at birth. The poorest correlations between 
laboratory findings, i. e. results of histological and bacteriological examinations of 
placentas, and clinical diagnoses of infection, were observed when the diagnosis of 
"aspiration pneumonia" was made in term infants who survived. 

Students of congenital infection have been disturbed by discrepancies among 
data which purport to relate chorioamnionitis andfor, umbilical vascular inflam
mation to bacterial infection. The frequency of the histological lesions exceeds 
that of all overt perinatal disease, and is far greater than that of perinatal in
fections. Often attempts to demonstrate bacterial pathogens are unsuccessful, 
and cultures may even be sterile. Similar histopathological reactions are elicited 
by factors other than bacterial infection, such as the chemical action of meconium, 
the mechanical effect of pressure, or the contiguous presence of autolyzing retained 
tissue afterfetal death. These complexities do not warrant the rejection of mem
branaus placentitis and umbilical inflammation as responses to intrauterine bac
terial infection, which has been advocated by several investigators (DoMINGUEZ, 
BARTER). When bacteria invade the fetus, placental disease is demonstrable, 
usually comprising chorioamnionitis and funisitis. However, since other factors, 
not related to infection, may also incite the latter reactions, the diagnosis of 
congenital infection should not be based solely on histological examination of the 
afterbirth. The clinical expressions of congenital infections among liveborns may 
also depend on the effectiveness of defense mechanisms which may have already 
controlled the invading bacteria before birth. 

To the fetus, chorioamnionitis and umbilical angiitis are significant as indica
tors of possible exp08ure to bacterial infection in utero. Access to the fetus is 
gained principally by flow of amniotic fluid into the respiratory and gastro
intestinal tracts and the middle ear, often resulting in congenital disease. The 
statistical association of chorioamnionitis and premature births strongly suggests 
a cause and effect relationship. Membranaus placental inflammation is not seen 
in products of elective cesarean delivery, or therapeutic or accidental operative 
interruption of pregnancy. Its frequent occurrence in placentas of premature 
labors and ofpremature rupture ofthe membranes may indicate that membranaus 
placentitis is a factor in pathogenesis of both these conditions. If such be proven, 
the greatest importance of chorioamnionitis will be established in relation to 
premature births and their many consequences, even without actual fetal in
fections. 

Chorioamnionitis and angiitis of chorionic or umbilical vessels are sometimes 
clearly attributable to other influences than microbial infection. Many placentas 
which have been exposed to meconium for hours or days show neutrophilic in
filtration of the stained membranes, and umbilical vasculitis is common under 
such circumstances (Figure 216). No organisms can be identified in sections or 
cultures from these specimens. This inflammatory response to meconium or its 
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products is not surprising in view of the occurrence of meconium peritonitis in 
some cases of "mucoviscidosis" or other intestinal afflictions which develop in 
utero. Meconium also seems to be an irritant to the lungs when massive aspiration 
occurs around the time of birth. Instillation of meconium suspensions intra
tracheally and injections of similar material into soft tissues are followed by 
intense inflammation. Doubtless the proteolytic intestinal enzymes produce these 
effects. In support of a chemical explanation for chorioamnionitis, BLANC cites 
observations from therapeutic interruptions of pregnancy, induced by intra-

Fig. 216. Prolonged exposure to meconium produces a mild acute inflammatory reaction in the chorionic membranes 
(H & E X 400). 

amniotic injections. We have studied placentas from 20 pregnancies in which 
delivery had been induced by instillation of 20% sodium chloride solution into 
the amniotic sac. Some of these were interrupted in the second and others in the 
third trimester. In most instances the procedure was carried out as a therapeutic 
abortion. In others, this means was used to accomplish delivery when known fetal 
death had not been followed by delivery. Except in those instances in which a 
dead fetus had been retained for more than a day or two prior to the intra
amniotic injection, inßammation of the fetal membranes was not seen in these 
specimens. We have not studied placentas which have been exposed to intra
ovular infusions of hypertonic glucose solution, an alternate method of inducing 
delivery. (See Chapter. XI, Abortion, for details.) 

GRÄFF suggested that the leukocytic infiltration of the fetal membranes might be 
caused by increased acidity of the amniotic fluid, as a result of uterine activity. 
IKEDA induced such reactions by increasing the hydrogen ion concentration of amniotic 
fluid in experimental animals. However, BLANC was unable to correlate the pH of 
amniotic fluid with the presence of placentitis, or dernonstrahle leukocytes or bacteria 
in centrifuged sediments of the fluid. 

In the rat, direct intra-amniotic injection of bacterial endotoxin incites a severe 
acute necrotizing inflammation of the lining membranes, a reaction which does not 
occur when the diluent physiologic saline is used alone (DRISCOLL). 
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The consistent occurrence of chorionitis when the uterus falls to empty 
following fetal death is easily explained. Bacterial infection is not a factor, as 
demonstrated by sterile cultures. The products of autolysis, diffusing from the 
ovisac into the encasing matemal tissues, can be expected to stimulate neutrophilic 
migration from the decidual vessels, into the decidua, then to infiltrate the conti
guous fetal membranes. 

The prolapsed or otherwise compressed umbilical cord often shows localized 
angiitis at the sites of distortion of umbilical vessels. This is probably mediated 
through slowing of ßow and alteration of the intima of the deformed vessels. 
Similar mechanisms may explain the frequent occurrence of vasculitis in velamen
tous vessels, i. e. fetal blood vessels which course along the chorion laeve. It also 
seems probable that chemotactic factors diffuse into such vessels from contiguous 
necrotic decidua in some cases of vasa previa. 

BECKMAN and ZIMMER, and, more recently, DoMINGUEZ et al. and BARTER 
have expressed the view that umbilical vasculitis is not inßammatory in origin, 
but a consequence of fetal hypoxia. This opinion is based on histological studies 
of the umbilical cord and review of clinical obstetric data. While margination of 
leukocytes isafrequent finding in regions of circulatory stasis, the diffuse leukocy
tic infiltrations of decidua, chorion and amnion cannot be so explained. The 
necrosis ofthese structures which occurs in the more severe cases is also incompatib
le with a simple hypoxic mechanism. Specific circumstances in which fetal hypoxia 
is recognized, such as major placental abruptions, massive placental infarction, 
and some cases of intertwined cords in monoamniotic twin gestations, arenot 
usually associated with umbilical vasculitis or placental membranitis. The corre
lations emphasized by DoMINGUEZ and others indicate associations only, not cause 
and e:ffect relationships between fetal hypoxia and leukocytic infiltration of the 
umbilical vessels. WIDHOLM and his associates have reported an increased inci
dence of umbilical vasculitis among placentas delivered following fetal asphyxia, 
without evidence of infection, per se. In this selected group of cases, the umbilical 
reaction appears to have been attributable to meconium irritation, since passage 
of meconium was thought to have occurred in utero. 

Hematogenous bacterial infections 

Hematogenous bacterial infections of the placenta occur more often in associa
tion with accidents of early pregnancy, than during the last trimester (Chapter XI, 
Abortion). However, at any stage of gestation, systemic bacteremic infections of 
the gravida may involve the placenta. In contrast to the ascending infections just 
discussed, hematogenous dissemination of bacteria to the placenta is usually 
acc9;mpanied by matemal illness. When fetal bacteremia complicates initially 
orificial fetal infections ( vide supra), the resulting lesions may be similar morpholo
gically to those which follow matemal bacteremias. Because they are usually 
associated with systemic infections of the mother, a wide variety of organisms 
may be responsible for these placental infections, and relatively virulent bacteria 
are frequent. 

Placentitis evolving from blood-borne infection is expressed mainly in the 
placental parenchyma, i. e. the villous tissue, rather than in the fetal membranes. 
When gross lesions are found, they comprise thrombi in the intervillous space 
and infarcts, indicative of a vascular pathogenesis, and often indistinguishable 
from bland thrombi and infarcts. Histologically, such lesions contain relatively 
more leukocytes than accompany the usual bland vascular accidents of the placen-
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ta, and bacteria are dernonstrahle (Figures 217 and 218). Even in the absence of 
gross abnormalities, villous disease is manifest. There may be rare foci of necrosis 
and inflammation of villi, or many lesions may be found, ranging in size from 

Fig. 217. Septic intervillous thrombus, with entrapment of a few villi. Lenkocytes are relatively numerous 
(H & Ex 40). 

Fig. 218. Septic intervillous throm bosis, inflammation, and necrosis of villi complicating a maternal staphylo· 
coccemia (H & E x 250). 

individual villi to massive areas of septic necrosis, even abscesses (Figures 219). 
Villous inflammation comprises necrosis of trophoblast, infiltration of stroma 
with acute andfor chronic inflammatory cells, and often activation of Hof-
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bauer cells and endothelium of fetal vessels. Fibrin deposition upon the villous 
surface or intervillous thromboangiitis accompanies these reactions, which vary 
in severity. The gravity of the resulting fetal disease is not always predictable 
from the nurober and size of the placentallesions. Doubtless this is an effect of 
virulence of the pathogens involved. The offending micro-organisms may be 
demonstrated in sections, in smears, and in cultures from lesions or placental 
homogenates. 

Fig. 219. Interviiions abscess complicating matemal septicemia (H & E x 250). 

Overt fetal illness and fetal death are usual consequences of hematogenous 
placental infections. There also appears to be an increased hazard of premature 
expulsion of the conceptus, whether alive or dead. The mechanism of premature 
Iabor occurring under these circumstances is not clear. 

Just as chorioamnionitis may lead to fetal bacteremia and villous placentitis, 
placental infections which begin by hematogenous spread from matemal sites 
may be followed by contamination of the amniotic sac. Morphologically, the 
ensuing membranaus placentitis and umbilical angiitis resemble the lesions which 
develop primarily from ascent of infection. 

Transdecidual infections originating at sites other than the presenting pole 
of the ovisac seem tobe uncommon. However, systematic studies directed toward 
the detection of antecedent endometritis have not been carried out in series of 
cases of bacterial placentitis. In the presence of endometritis, direct extension of 
infection may take place, involving contiguous structures, such as the extra
placental membranes, inlying or invading villi, or the adjacent intervillous blood 
lake and its fetal contents. The resulting lesions in placenta and fetus may resemble 
those produced by ascending infections, those spread by blood stream, or both. 
The importance of such disease in "spontaneous" abortians and in the recurrence 
of fetal wastage has not been determined. 

Bacterial infections incurred transtubally, like those disseminated to the 
placenta from the myometrium, simulate those which begin in the decidua. 
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Comment 
Bacterial placentitis is a common disease, especially occurring in association with 

premature delivery. While frank neonatal morbidity from congenital infections is less 
frequent, meaningful correlations have been demonstrated between placental in
flammation and clinical phenomena. Perhaps the most significant association is that 
which relates premature labor and chorioamnionitis, a possible clue to the cause of 
many cases of early delivery, and, indirectly, of subsequent difficulties in the child, 
should he survive. 

While it is appropriate that the discussion focus on infections of the placenta 
itself, evidence suggests that bacterial infections at other sites than in the genital 
tract may exert some influence on the placenta. The mechanisms by which urinary 
tract infections, so-called inapparent bacteriurias, are associated with increased risks 
of spontaneaus premature labor are unknown. There is no evidence that frank in
flammation of the fetal adnexa is important in this relationship. KAss and his associates 
postulate that these effects are mediated by the action of bacterial endotoxin on the 
myometrium, rendering it responsive to endogenaus oxytocin. McKELL and coworkers 
have demonstrated that bacterial endotoxin increases the permeability of the placental 
barrier in the rabbit. Normally, trypan blue and colloidal iron, injected intra-arterially 
in the gravid rabbit, are excluded from the ovum. Following preparation of the 
experimental animal by injection of endotoxin, these substances pass into the placenta 
and fetus. If such phenomena were to occur during human bacterial infections, the 
implications for the fetus could be devastating, as complex materials would be permitt
ed to pass in and out. It is also interesting to speculate on the possible role of increased 
permeability of fetal membranes, induced directly by infection, on fetal welfare. 

Another, although an infrequent complication of placentitis is bacteremic shock 
in the gravida. While the latter is more commonly associated with the placental 
bacteremia of septic abortion (STUDDIFORD and DouGLAs), chorioamnionitis is also a 
potential precursor. The etiologic agent is almost always a gram-negative bacillus, 
most frequently Escherichia coli. MANNAUSA et al. have reported E. coli septicemia 
and shock following an unsuccessful Shirodkar operation. In this case, spontaneaus 
rupture of fetal membranes followed placement of the cervical suture. 

Unusual Bacterial lnfections of the Placenta 
The discussion just concluded has dealt with common organisms, the banal infec

tions which aseend the birth canal and those in which placental involvement occurs 
incidentally, in the course of maternal illness. Several bacterial infections of the 
placenta present unusual features which merit special comment. These comprise 
listeriosis, tuberculosis, and syphilis. 

Listeriosis 
Listeria monocytogenes is an ubiquitous bacterium, noteworthy for its P ATHOGENICITY 

for a wide variety of animal species, its predilection to afflict their products of concep
tion while still in utero, and the usual paucity of clinical symptoms when this occurs in 
humans. The fetal wastage laid to this organism in cattle is of sufficient magnitude to 
be economically significant (GRAY). 

The relative susceptibility of the pregnant woman and h~r conceptus to this 
infection is indicated by collected series of bacteriologically proven listeriosis. 
According to PoTEL, who gathered data on 247 proven listerial infections in man, 
185 involved pregnant women and newborns. SEELIGER cites 221 bacteriologically 
diagnosed human cases, 121 of which were neonatal infections, so-called granulo
matosis infantiseptica (q. v.). Although the reasons for this selective attack on the 
gravida are not known, the intrauterine passage of the bacterium from mother 
to child is the only natural mode of transmission which is understood. Otherwise, 
except for the rare circumstances in which persons have become infected from 
direct contact with infected cattle or as a result of laboratory exposures, the 
epidemiology of human listeriosis is unknown. Another unusual feature, if a valid 
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one, is the relative infrequency of gestationallisteriosis in the United States in 
contrast to reports from European countries. Perhaps this difference is spurious, 
resulting from different methods of case finding. 

Listerial placentitis is the rule when the bacterium invades the fetus. The 
histopathologic features are similar to those produced by bacteremic maternal 
infections in general, sometimes including gross lesions. Decidual disease is seen, 
chorionic villi are inflamed, necrotic, and sometimes enmeshed in intervillous 
inflammatory material (Figure 220). Inflammatory infiltration of the fetal mem
branes may also be seen (Figure 221). In the offspring, heroatogenaus dissemina
tion of infection is obvious, the resulting picture being that designated "pseudo-
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Fig. 220. Focal acute villous inflammation due to intrauterine Iisteriosis (H & E x 200). 

tuberculosis" or granulomatosis infantiseptica. In both placenta and fetal organs, 
small abscesses are seen, which are grossly suggestive of the granulomata of 
miliary tuberculosis (Figures 222 and 223). Within these minute foci of necrosis 
are polymorphonuclear leukocytes and small gram-positive bacilli, producing 
abcesses, rather than true granulomata. Such lesions are consistent expressions 
of placental and congenitallisterial infections, lending strong support to the belief 
that the disease is blood-borne to and within the ovum. The membranaus placenti
tis which is sometimes also seen and the transorificial fetal infections which may 
then ensue are inconstant features, probably arising secondarily to transvillous 
invasion of the conceptus. Perhaps Listeria monocytogenes is also capable of 
colonizing the vagina and cervix primarily, after which an ascending infection 
of the ovisac might occur, as described above for such agents as Escherichia coli. 
(See also Chapter XI, Abortion). 
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Although Listeria monocytogenes has been isolated from cervical and vaginal 
swabs following delivery of infected progeny, there appears to be no overt endo-

Fig. 221. Acute chorioamnionitis caused hy J.isteria monocytogenes resernhieR that produced by banal bacterial 
infections which aseend from the lower genital tract (H & R x 1000). 

Fig. 222. Miliary abscess of chorionic villi caused by L. monocytogenes (H & E x 200) . 

metritis or clinical postparturn morbidity associated with these events. The 
question of recurrence in successive pregnancies, with repeated pregnancy wast-
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age andfor congenital disease is controversial (DuNGAL, PoTEL 1963, RABAU and 
DAVID, RAPPAPORT et al., RosTet al., RuFFULO et al., SEELIGER 1963 and GRAY 
et al.). 

Fig. 223. Miliary adrenal abscess infant with congenital llsteriosis. These lesions led to the descriptive term 
"granulomatosis infantiseptica" (H & E x 300). 

Tuberculosis 
Tuberculosis rarely infects the conceptus in utero. ScHMORL and GEIPEL and 

later "\V ARTHIN discussed the varieties of placental lesions which could be found 
on meticulous examination of placentas in cases of known matemal tuberculosis. 
These comprised decidual, intervillous, intravillous, intravascular chorionic, and 
chorioamniotic foci of inßammation. According to WARTHIN, who studied a 
single case by means of thousands of sections (!), tuberculous deciduitis is charac
terized by non-specific necrosis, inßammation and thrombi, without tubercle 
formation, despite the demonstration of many bacilli by acid-fast stains. Typical 
granulomata were seen at the junctions of this caseous deciduitis with the uterine 
wall and with the intervillous blood spaces in W ARTHIN's carefully studied 
specimen. The lesions of placental parenchyma and membranes themselves are 
generally similar to tuberculous lesions in other tissues, varying from extensive 
caseous deposits to miliary tubercles. 

The pathogenesis of placental tuberculosis usually comprises disseminated maternal 
infection, with blood-borne seeding of bacilli in the intervillous space and thence, the 
villi. Less often, the infection spreads to the placenta from contiguous structures, 
such as the oviduct, endometrium, and lower genital tract. The distribution of lesions 
in the placenta and adnexa indicates the mode of infection of these tissues, as weil as 
the routes taken by the consequent fetal involvement, i. e. transorificial or hemato
genous. Pulmonary tuberculosis, from aspiration of infected amniotic fluid, and 
hepatic lesions, from transport of bacilli via fetal blood in umbilical vein, are the 2 most 
frequent patterns of fetal infection which result. However, the reduced fertility of 
women with pelvic tuberculosis and the infrequency of reported cases of miliary 
tuberculosis complicating pregnancy render these occurrences rare in current experien
ce. It also seems likely that some cases of disseminated listeriosis, i. e. "granulomatosis 
infantiseptica" were formerly erroneously attributed to the tubercle bacillus. 
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For obvious reasons, the localized extragenital infection and the arrested tubercu
lous lesion are unlikely to eventuate in placental-fetal spread of the disease. BoESAART 
reports the recognition of interviilaus tubercles in a placenta delivered to a patient 
who had herself been cured of tuberculosis prior to pregnancy and suffered no intra
gestational or postparturn morbidity, nor was disease of the child detected. Without 
isolation and identüication of the Mycobacterium tuberculosis from such lesions, other 
interpretations of the histologic findings seem at least as tenable as that they represent
ed silent tuberculous disease, arising from silent bacteremia, in an adequately treated 
gravid woman. 

KING and MARKS have reported on the occurrence and outcome of 52 pregnan
cies in 26 patients with leprosy. In 6 of these cases, placental examinations were 
done, none of which showed either acidfast organisms or histological evidence 
of placental involvement. 

Syphilis 

Long a disease associated with the reproductive casualties of stillbirth, 
prematurity, and congenitally damaged children, syphilis is now a rare complica
tion of pregnancy in technologically advanced societies. This shift in importance 
has resulted from the wide application of antibiotic therapy and the prevalence 
of obligatory premarital and prenatal serological testing. It now appears that 
many obstetrical catastrophes which were formerly attributed to luetic infections 
of the gravida were actually not caused by this infection. Nonspecific alterations 
in the placenta and fetus which occur when they are retained after fetal death 
were rather uncritically ascribed to syphilis, when this disease was commonplace. 
Furthermore, umbilical angütis, hydrops placentalis, and other placental paren
chymatous lesions appear to have been assumed to be luetic in origin, despite 
failure to identify the causative agent. 

Untreated syphilis in the gravida constitutes a threat to the conceptus when 
spirochetemia occurs after sixteen to twenty weeks' gestation (DIPPEL, REID). More
over, therapy which is adequate to control the maternal disease protects the fetus 
even if such therapy is not given until a few weeks prior to delivery. 

The apparent protection of the embryo and younger fetus from spirochetal invasion 
has been attributed to the cytotrophoblast of the young chorionic villi, forming a 
"barrier" to traverse of the organisms from maternal to fetal structures. This protective 
effect was thought to disappear with the "disappearance" ofthe Langhans' epithelium 
at about 20 weeks' gestation. However, in view of the evidence that many other 
micro-organisms penetrate the villous traphoblast to attack the conceptus during the 
first half of gestation, the Treponema pallidum must be excluded by other mechanisms. 
Moreover, recent morphologic evidence indicates that the Langhans' epithelium 
persists throughout gestation, although its attenuation renders its presence less 
apparent in conventional histologic preparations. 

Intrauterine syphilis, with congenital infection of the offspring, varies in 
severity, hence its placental manifestations also vary. Mild disease is said to occur 
without placental changes (DoRMAN & SAHYUN). However, most reports indicate 
that overt placentitis is found when antenatallues is diagnosed. The most extreme 
manifestations include a great increase in placental weight, and corresponding 
increases in placental-fetal weight ratios in the range of 1:3 or even 1:2. Such 
placentas are described as pale, yellowish, bulky and greasy in gross appearance. 
Histologically, the villi are often "club-shaped", cellular and sometimes agglutinat
ed. These, and other less massively diseased placentas, show chronic villous 
inflammation, with proliferative vasculitis, which varies in degree and extent 
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(Figure 224). Perivasculitis and endovasculitis involve scattered stem villi and 
terminal villi, singly and in groups, and are associated with plasma-cellular and 
lymphocytic infiltration. These lesions have been described as miliary gummata 
(DoRMAN). Spirochetes are dernonstrahle on application of suitable stains. Some 
authors have attributed fetal death to a widespread and progressive obiiterative 
luetic endarteritis of the placenta with consequent ischemic death of placental 
tissue and fetal asphyxia. However, it appears more likely that the severity of 
placental involvement is paralleled by severity of fetal infection, and that intrau
terine death results from the intensity of the infectious process per se. 

A large experience with the placental morphology associated with unselected 
deliveries and with placental alterations in association with many maternal and 
fetal diseases casts considerable doubt on the morphologic specificity of luetic 
placentitis. Focal chronic and subacute villous placentitis occurs in some 5% of 
unselected cases and in several times this frequency in association with a wide 
variety of maternal and fetal diseases, without other evidences of syphilis. More-

Fig. 224. Syphilitic placentitis, characterized by chronic vilious inflammation, proliferative villous vasculitis 
and scarring. Villi are often !arge, cellular, and club-shaped (H & E x 160). 

over, obiiterative placental endovasculitis is also seen in occasional placentas, 
often inexplicably, and usually in the absence of lues. The nonspecific nature of the 
alterations which constitute the placenta's reactions to intrauterine syphilis can 
only be appreciated when such unselected and varied material is examined. 
Nonetheless, subacute and chronic placentitis should be regarded as suggestive of 
spirochetal infection, and dealt with appropriately, to confirm or exclude this 
diagnosis. 

Early investigators also ascribed umbilical vasculitis to intrauterine syphilis. 
Systematic studies of the placentas of particular diseases and review of unselected 
clinical cases clearly indicate that this interpretationwas erroneous (SIDDALL). 
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Fungons lnfections 

The commonest, hence the most important, ofthese is candidiasis of the placental 
membranes and umbilical cord. Hematogenous dissemination of Coccidioides immitis 
to the placenta has been seen only very rarely as a "complication" of intragestational 
coccidioidomycosis, without over transmission to the fetus, membranes or umbilical 
cord. Other fungous infections have not been reported to produce placental or fetal 
disease. Perhaps this is less an indication that these structures are resistant than that 
genital or systemic mycoses are rare, still rarer in pregnant women. When they do 
occur, the products of such pregnancies, especially the abortus, stillborn fetus, and 
placenta, might not be scrutinized knowledgeably for evidence of intrauterine mycotic 
disease. Cases of congenital infection of living children with these agents have not 
been reported. Rare case reports which describe systemic actinomycosis complicated 
by pregnancy provide few data on which to assess placental disease. Four such preg
nancies (CAMPBELL and BRADFORD, KAHLE and MELLINGER, and BROWNING) compris
ed 2 spontaneaus abortions, one therapeutic abortion, and one normal birth, but 
include no detailed morphologic or mycologic data on the placentas. 

Candidiasis 

Despite the very common occurrence of Candida albicans in the vaginas of 
pregnant women, placental infections caused by this organism are rare. BENIRSCH
KE and RAPHAEL, and GALTON and BENIRSCHKE have discussed this apparent 

Fig. 225 Fig. 226 

Fig. 225. Candida albicans infection of the fetal membranes. Dense infiltrate by polymorphonuclear leukocytes 
and focal necrosis of surface. Filamentaus structures indicate the presence of fungi (H & E x 300). 

Fig. 226. Same case as previous figure to show the mycelia of Candida albicans (PAS x 350). 

paradox, and the latter authors suggesting that the alkalinity of the amniotic 
fluid might discourage this acid-loving fungus. However, the demonstrations that 
Candida albicans can be cultured at a pH in the range of 10 and, more specifically, 
that amniotic fluid will support its growth in vitro stet preclude this explanation. 
The ubiquity of the fungus is reiterated in studies of placental surface cultures 
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(vide supra) yet no necessary relationship to either clinical morbidity or placental 
morphology has been found. However, congenital bronchopulmonary moniliasis, 
cutaneous monilial infections recognized at birth, and infections of the umbilical 
cord and fetal membranes indicate that this organism is not always silent (LAR
ROCHE, EMANUEL et al., SoNNENSCHEIN et al.). 

Fig. 227. Candida albicans infcction of the umbilical cord. Minute chalky foci dot. the surface of the cord. 
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Fig. 228. Thc macroscopic lesions of the previous flgurc arc composed of collections of mycella admixed with 
degenerating polymorphonuclear leukocytes, forming a c rescenteric deposit at the external surface of the cord 

(H & E x 240). 

The usual case of placental cand.id.iasis shares many histologic features with 
the common ascending bacterial infections(Figures225and226).Necrotizing chorio
amnionitis and umbilical vasculitis are seen, and mycelial filaments can be 
demonstrated on the surfaces of the amnion and cord, superficially invading the 
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tissues beneath. The pathogenesis of bronchopulmonary disease which may ensue 
in the fetus is obvious from these reactions. Alesion which appears to bedistinctive 
in moniliasis is shown in Figures 227 and 228. At the cord surface are minute foci 
of necrosis, containing acute inflammatory infiltrate admixed with fungi. Rarely, 
these foci are visible grossly, dotting the cord surface (Figure 227). BELTER has 
described these changes at the surface of an umbilical cord, without associated 
umbilical angütis, and clinically silent. Cutaneous monilial infection was observed 
at birth of a child whose cord showed these lesions, associated with severe vasculitis 
and membranaus placentitis, with morphologic and cultural identification of 
Candida albicans in these tissues. Spontaneaus recovery was complete, without 
systemic manifestations. TASCHDJIAN and coworkers have seen similar skin 
involvement in 2 successive progeny of one mother, again without systemic 
disease. Probably the inoculation and subsequent local disease of the umbilical 
cord surface occurs by direct contact and thrives in the moist environment, just 
as the cutaneous disease occurs in utero, and at moist intertriginous sites in 
older persons. Unfortunately, neither the cases of congenital bronchopulmonary 
monilial infection nor TASCHDJIAN's interesting pair of siblings with cutaneous 
infection have been documented by placental examination. It is interesting to 
note that placental moniliasis, like some placental bacterial infections, may occur 
without rupture of the fetal membranes. The lethal invasion of the chick embryo 
through intact chorioallantoic membranes may be a related phenomenon. 

Coccidioidomycosis 
Intragestational coccidioidomycosis has occasionally been described, usually 

without data on intrauterine complications (V AUGHN and RAMIREZ, MENDENHALL, 
BLACK and POTTZ, BAKER). A placenta associated with the birth of a premature infant 
has been seen in which showers of fungi were trapped in intervillous coagula, during 
a severe coccidioides infection of the gravida (Figure 229). Despite the large nurober 

Fig. 229. Coccidioides immitis entrapped by intervillous flbrin at arrow (Eosin-methylene blue, x 64). 

of organisms seen in the placenta, no fetal structures appeared to be invaded, and the 
child did weil clinically. 

Handbuch der pathologischen Anatomie VII/5 24 
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Parasitic Diseases 

The parasitic infections which have been observed to involve the human 
placenta are three: toxoplasmosis, trypanosomiasis, and malaria. 

Extremely rare instances of other parasitic infestations in early infants have 
been reviewed by CoRT, who accepted reports of prenatal schistosomiasis and 
hookworm infestation. This author also expressed the expectation that prenatal 
infestation would occur with any parasitic worm whose life cycle in man included 
a "wandering" phase, either in tissues or by blood stream. Placental studies have 
not been reported in this connection. 

Toxoplasmosis 

Intrauterine transmission of Toxoplasma gondii from gravida to fetus has been 
inferred since the classic syndrome of congenital toxoplasmosis was first described 
by CoWEN and co-workers in 1939. Serological surveys, such as those reported by 
THALHAMMER, strongly suggest that this disease is more common than had been 
suspected. Systematic examinations of placentas from unselected births, and 
especially the placentas associated with perinatal illnesses and mortality, have 
uncovered surprising numbers of cases of antenatal infection with this protozoon. 
The clinical manifestations of intrauterine toxoplasmosis vary from devastating 
early fetal disease, followed by fetal death and abortion, to asymptomatic infection, 
detectable only by specific laboratory procedures. (See Chapter XI, Abortion). 

NEGHME first reported the recognition of Toxoplasma gondii in the placenta from 
a stillborn fetus, and described isolation of the organism by mouse inoculations. Since 
this report others have appeared sporadically, indicating that the parasite could be 
recognized in the placenta and adnexa in association with severe congenital disease 
(MELLGREN et al., BECKETr & FLYNN). 

Toxoplasma infections of the fetus and newborn infant may be expressed in 
the placenta in varying degrees of severity. Few or many pathognomonic organisms 
have been seen in the decidua, connective tissues of the fetal membranes, cord 
substance, and in lesions grossly characterized as "infarcts". Their number and 
distribution do not appear to be correlated with the severity and distribution 
of inflammation. In five cases studied personally, the most consistent findings 
were chronic inflammatory reactions in the decidua capsularis and, focally, in 
the villi. As shown in Table VI, these changes were most impressive in the cases 
with early fatality. Perhaps this indicates that, as matemal antibody increases, 
in matemal and, transplacentally ( ? transdecidually ?) in the fetal circulation 
(? within the uterus), encystment and quiescence follow, thus arresting the in
fection and its destruction of fetal tissues. 

As in many other diseases which reach the fetus from the mother's circulation, 
villous lesions develop at random throughout the placenta. These comprise single 
or multiple neighboring villi, with low grade chronic inflammation, activation of 
Hofbauer cells, necrobiosis of component cells, and proliferative fibrosis (Figure 
230). Such lesions are typical, but arealso seen in other infections and occasionally 
occur without recognizable cause. Despite their frequent occurrence in placental 
toxoplasmosis, these foci do not contain dernonstrahle parasites. They occur in 
free villi and in villi which are attached to the decidua. The intravillous and 
perivillous infiltrates usually constitute lymphocytes and other mononuclear 
cells, rarely plasma cells. The decidual infiltrate may be slight to severe, and 
consists predominantly oflymphocytes (Figure 231). Usually the fetal membranes 
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present a mild increase in cellularity, mainly because of increased mononuclear 
cells, notable "macrophages". Inßammation of the umbilical cord is uncommon. 

Table VI. Placental toxoplasmosis and fetal outcome 

(Five Gases) 

Placental histology 

Infiammation 
De- Parasites De- Mem-

cidua Membranes Cord Villi cidua branes Cord Villi 
Case Clinical Status 
I Macerated fetus 0 + + 0 ++ + 0 ++++ 

(34 weeks) 
II Moribund at birth, 0 ++++ 0 0 + ++ ++ 0 + 

died (34 weeks) 
III "Erythroblastosis 0 + + + 0 + + ++ 

Fetalis", died 
(34 weeks) 

IV Chorioretinitis, 0 + 0 0 ++ 0 0 + 
survived, mentally 
normal 
(Term) 

V ,,Normal'' ++ + ++ 0 0 ± 0 0 0 
Survived 
(38 weeks) 

Taxaplasma gandii is seen mainly within cysts, which may be found in the 
connective tissues of the amnionic and chorionic membranes, Wharton's jelly, 
and, less often, in decidua. We have seen one specimen, from which the parasite 

Fig. 230. Focal chronic villous inflammation of placental villi associated with fetal toxoplasmosis (H & E x 160). 

was isolated in mice, in which contiguous decidua capsularis, chorion and amnion 
contained organisms, including proliferative forms (Figures 232 and 233). 

24* 
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Less specific findings may be associated with these changes of inflammation 
and deposits of parasites. When the infection is severe and fetal hydrops has 
resulted, the placenta is also hydropic. In fact, this disease often mirnies ery-

Fig. 231. Toxoplasmosis with dense lymphocytic infiltration of decidna capsularis (H & E x 400). 

Fig. 232. Placental toxoplasmosis associated with congenital infection in the child. Encysted organisms in the 
connective tissue of membranes (H & E x 200). 

throblastosis fetalis (CALLAHAN et al., HALL et al., BAIN et al., ScHUBERT). The 
histologic features of the placenta continue these analogies, as shown in Figure 234. 
The villi are typically bulky, edematous, cellular, with thick, often duplicated, 
surface trophoblast. Associated with the diffuse changes, and also suggesting the 
placenta of hemolytic disease of the newborn, the villous vessels contain many 
nucleated erythrocyte precursors (Figure 235). These reactions are probable 
expressions of anemia and anoxia of the fetus. The placenta of intrauterine 
hemolytic disease is distinguishable microscopically from that of toxoplasmosis 
by the absence of inflammation and, of course, of organisms in the former disease, 
as weH as its moreuniform appearance of edema and "immaturity". 
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The pathogenesis of human toxoplasmosis is not clear. The parasite is ubiquitous, 
infecting many other species besides man, and transmitted in utero to the young of 
some of these. The mode of transmission to the human subject is not known, except 
in the rare documented exposure to infected animals and laboratory accidents, and, 

Fig. 233. Same specimen as previous figure, to show proliferative forms within decidua and contiguous chorionic 
epithellum of chorlon laeve (Arrows). The inflammatory reaction at these sites is extremely slight (H&E x 1200). 

Fig. 234. Fetoplacental toxoplasmosis, simulating isoimmune fetal hemolytic anemia. The villi are !arge, cellular 
and covered by thick trophobiast. Many nucleated erythrocyte precursors are visible in viilaus vessels 

(H & ]~ X 1000). 

of course, the infections of the fetus. Transplacental infection in man has been linked, 
with certainty, only to acute infections (FRENKEL). Some 30% of young adults give 
serological evidence of having harbored the parasite at some time during their lives, 
although the infection has not been recognized clinically (WEINMAN, REMINGTON, 
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CouVREUR & DESMONT ). Similarly, intragestational toxoplasmosis may produce few 
symptoms, perhaps mild malaise and grippe-like complaints, or none at all. Therefore, 
the infection of the conceptus can be anticipated only rarely, and diagnosed only 
when its manifestations are observed following birth, or on examination ofthe placenta. 

Fig. 235. Intravascular aggregates of erythroblasts and normoblasts in the placenta in association with fetal 
toxoplasmosis (H & E x 120). 

Fortunately, congenital toxoplasmosis has not been observed to recur in subsequent 
pregnancies (SABIN, FELDMAN & EICHENWALD). However, serological data suggest 
that, in rare instances, repeated pregnancy wastage or recurrent abnormal births 
may be attributable to chronic toxoplasma infection of the mother (THALHAMMER). 
Few investigators have successfully demonstrated the presence of the parasitein the 
tissues from products of such repeatedly abnormal pregnancies. (LANGER, WERNER
See also Chapter XI, Abortion). However, in experimental chronic toxoplasmosis in 
rats and mice, members of successive litters are infected (REMINGTON). Also, the 
demonstration of viable toxoplasma encysted in various tissues in quiescent infections 
suggests a mechanism for random deposition in the uterus. REMINGTON, BEVERLY 
and MELLGREN et al. have isolated the parasite from myometria of women whose 
clinical, histological and serological reactions indicated chronic infestation. It seems 
a reasonable possibility that the usual occurrence of toxoplasmosis during pregnancy 
is a fresh initial infection of the gravida, with transmission to the placenta at the time 
of parasitemia. Development of antihoclies and encystment then depress the parasite 
as chronicity develops. Only rarely might the randomly deposited encysted mass of 
organisms come to lie at a site to which a placenta later attaches, with erosion of the 
cyst and release to the placenta of the infectious parasites. A large body of clinical 
experience indicates that such a sequence must be extremely rare if, indeed, it ever 
occurs. 

Trypanosomiasis 
Gongenital infection with Trypanosoma cruzi has been seen in areas of Central 

and South America. Acute trypanosomiasis in the newborn infant implies trans
placental infection, probably mediated by mechanisms similar to those which 
operate in toxoplasmosis. The distribution of lesions in the newborn indicates 
that fetal parasitemia has occurred, with dissemination of organisms to brain, 
heart and viscera. Data on this infection are too few to determine the possibility 
of intramyometrial chronic disease, or recurrent congenital infection in siblings. 
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According to PoTTER, placental trypanosomiasis is a chronic granulomatous 
lesion affecting villous tissue. Polymorphonuclear leukocytes, histiocytes, and 
giant cells compose the infiltrate and the leishmanial forms of the parasite are 
seen both within histiocytes andin fetal vessels of the villi. Apparently the villous 
lesions vary in age, from actively infiamed foci to scarred, fibrotic ones. This 
general pattern is characteristic both of the effects of a blood-borne agent and of a 
continuously damaging chronic infection. Of course, the latter features are non
specific, and positive identification of the responsible agent is necessary in order 
to establish the diagnosis. 

Malaria 
Transmission of malaria to the human fetus has been proven by the demon

stration of malarial parasites in the tissues of stillborn fetuses, in umbilical cord 
blood, andin blood samples from liveborn infants, ill at birth (WICHRAMASURIYA, 
ECKSTEIN, FLAMM). Smears of intervillous, i. e. maternal, blood, and sections of 
placenta delivered during a malarial attack contain many parasitized erythrocytes 
even though transmission to the fetus is uncommon (Figure 236). By analogy to 

Fig. 236. A placenta which was delivered within a few hours after an acute malarial paroxysm had affected the 
gravida. Numerous Plasmadia vivax are seen within the intervillous space (Giemsa x 640). 

other fetal infections in which systematic placental examinations have demonstrat
ed anatomic defects, usually foci of frank infection in the placenta, the study of 
the placentas of congenital malaria would be expected to disclose lesions at the 
portal of entry to the fetus. Such data as are available indicate that mild chronic 
villous placentitis may be seen in such placentas (WICHRAMASURIYA, PoTI'ER, 
FLAMM). However, current evidence indicates that intact matemal blood cells, 
labeled naturally, e. g. ovalocytes, or artificially, e. g. chromated erythrocytes or 
atabrine-treated leukocytes, sometimes traverse the barriers from mother to 
fetus, even without an overt breach in these barriers (See Ohapter VI, Oellular 
Exchange). In the light of these findings, it is easy to visualize the transmission of 
parasitized cells from mother to fetus, and ensuing fetal disease. 
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Virallnfections 
Present data indicate that viral infections of the gravida reach the fetus by 

hematogenous dissemination, traversing placental villi. Many viruses attack the 
fetus, the results depending, in part, on the stage of development at which ma
temal viremia occurs. The outstanding instance of gestational rubella showed the 
potential teratogenicity of viral infections. Although a few reports have suggested 
similar effects of other human viruses and veterinary experience provides examples 
of virus induced teratogenesis in other species, this is the only authenticated 
teratogenic virus in man. Perhaps future studies will demonstrate the importance 
of matemal viral Hora in modifying embryonie development. 

The assumption that viruses gain entry into the fetus without ostensible 
placental injury should be reevaluated in light of increasing evidence to the 
contrary. As more and more attempts are made, more and more human viruses 
are found to be expressed by morphologic changes in the placenta. Influenza, 
poliomyelitis, Coxsackie viruses, herpes simplex, vaccinia, measles, varicella, 
variola (and alastrim), cytomegalovirus, mumps, equine encephalitis, and rubella 
certainly traverse the placenta, as evidenced by well documented cases of con
genital infections. Often such reports fail to mention placental findings. Usually 
this indicates failure to examine the placenta rather than negative results. 
However, in a few of these diseases placentas have been normal histologically, 
despite the passage of virus from gravida to fetus. The most likely explanations 
of this are two: l) the lesions of the placentas were small and few, easily missed 
at conventional sampling and histologic sectioning, or 2) the virus gained access 
through the "barrier" by mechanisms similar to those responsible for the passage 
of whole blood cells through "intact" tissues, in normal placentas (See Chapter VI, 
Cellular Exchange). 

Placental disease has been found in association with congenital cytomegalo
virus infection, variola, vaccinia, variola and alastrim, and rubella. Placental 
lesions, compatible with the specific viral disease, have been observed in association 
with a case of herpes simplex, which was probably congenital. 

Cytomegalovirus Disease (Cytomegalic lnclusion Body Disease, Salivary 
Gland Virus lnfection) 

Oytomegalovirus infection may be acquired in utero. Reports on associated 
placentas indicate that minute foci of villous necrobiosis and low grade inflam
mation are found, sometimes showing plasmacellular infiltration of villi (LEPAGE 
& ScHRAMM; MANCIAUX et al.). Rarely, typical cytomegalic inclusion bodies are 
demonstrated in these areas, within trophoblastic or chorionic mesenchymal cells 
(LELÖNG; BLANC; QuAN and STRAuss). These lesions occur at random, much as 
other lesions which are disseminated by the matemal blood stream to the villous 
tissue. Except in the case described by QuAN and STRAuss, the congenital in
fections with this virus have not been associated with inßamed membranes and 
umbilical cord. It seems likely that such inßammation is an indication of simulta
neaus bacterial infection in this and any other such case. 

The route of access of this virus to the fetus has been thought to be via the matemal 
blood, and the placental lesions are most compatible with this interpretation. SEVER 

and his co-workers have reported that some 6% of gravid patients studied serologically 
at the National Institutes ofHealth demonstrate intragestational changes in antibody 
titer which are suggestive of active cytomegalovirus disease. Perhaps some of the focal 
subacute villous inßammation seen in many unselected placentas is an expression of 
this disease in a subclinical form. Recent observations suggest the possibility of 
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contiguous spread. CRAIG and WELLER have isolated the cytomegalovirus from a 
cervical biopsy of a gravid patient, after initial biopsy had demonstrated morphologic
ally typical nuclear inclusions in the infiamed cervical tissues. Unfortunately, the 
opportunity to observe the infant and placenta delivered to this patient was lost. 
Persistence of dernonstrahle virus in the infected child has been an unusual feature in 
some surviving victims of this disease. Perhaps persistent viable virus in the genital 
tissues of a gravid patient constitutes another source of placento-fetal infection. 
However, this has not be recognized to occur. 

Rubella 
Rubella, the prototypeviral teratogen in man, is also responsible for occasional 

"spontaneous" abortians and for generalized congenital disease of some infants 
(See Chapter XI, Abortion). Rarely, the first trimester Rubella of the gravida is 
followed by birth at, or near term, of a child in whom virus persistence can be 
demonstrated, associated with protean clinical abnormalities {ALFORD et al.; 
DRISCOLL). 

The placentas of 2 such infants have been studied both virologically and pathologic
ally. A portion of placenta has also been studied from another infant with a post
rubella syndrome, without disseminated congenital disease. Rubella virus could not 
be isolated from any of these 3 placentas. The 2 placentas associated with viral persis
tence in the baby from first trimester to birth were diffusely and similarly abnormal. 

Fig. 237. Rubella placentitis. associated with persistent infection in the fetus. Active inflammation and necrosis 
of the villi indicate continued destructive disease (H & E x ~50, case published through the courtesy of Dr. Seda 

Sparling). 

Grossly, one placenta was small for the gestational age of 39 weeks at which delivery 
had occurred, weighing 175 gm., while the child weighed 1279 gm. The other weighed 
395 gm., compared with the infant's birth weight of 2,600 gm., at term. The smaller 
placenta was firm and dry; the umbilical cord was dry and thin, containing 3 vessels; 
the fetal membranes were diffusely orange-yellow in color; no gross parenchymal 
lesions were seen. The larger of the 2 placentas appeared normal at gross examination. 
Microscopically, villous disease was rampant. The lesions ranged in severity from 
active, acute infiammation through less overt villitis, to complete atrophy, with 
evidence of a continuum of darnage and a continuing, active process. The most recent 
lesions constituted necrosis of villous trophoblast, necrobiosis of intrinsic villous 
cells, including vascular endothelium and stromal cells, and infiltration of poly
morphonuclear leukocytes (Figure 237). Such damaged villi might be seen in groups, 
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adjacent to more chronically diseased villi, or isolated from other abnormal structures, 
apparently at random. Older lesions were characterized by mononuclear infiltrates, 
principally lymphocytes and histiocytes, but also including some plasma cells. Still 
later, the villi became completely avascular, shrunken and atrophic, with disappearance 
of the inflammatory cells (Figure 2;{8). Eosinophilic intracytoplasmic inclusion borlies 
were identified in the earlier, active lesions, occurring in endothelium, Hofbauer cells, 
and, rarely, in trophoblast. Although the villous lesions were scattered throughout 
the placental substance, each placenta showed chronic inflammation of chorionic 
and decidual structures at the matemal floor, i . e. the junction of placenta and basal 
decidua. Low grade chronic deciduitis involved the decidua capsularis-vera as weil as 
that at the site of placental attachment. 
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Fig. 238. Rubella placentitis, Msociated with persistent infection in the fetus, and with "dysmatnrity". A wide 
range of villous changes is seen, including llbrosis and atrophy, as weil as focal edema, and areas of active in

flammation (H & E x 100). 

In addition to these signs of progressive placental injury by ongoing necrosis and 
inflammation, the 2 placentas showed diffuse, non-specific abnormalities. Despite 
delivery at term, both appeared "immature". Many of the villi which had so far 
escaped attack by the infection were moderately edematous. No umbilical inflamma
tion or membranaus placentitis was seen. Many meconium·laden macrophages lay 
in the connective tissues of the membranes of the small, stained placenta, which 
also contained a small, nonocclusive chorionic thrombus. The less massively diseased 
placenta also contained 2 intervillous thrombi, which had no unusual characteristics. 

The placental changes just described were similar to the responses of younger 
chorionic tissues to Rubella infections, except that chronicity of inflammation 
was not a feature of the early abortus associated with this viral infection (DRIS· 
coLL). (See also Chapter XI, Abortion.) 

Variola, V accinia, and V aricella 

Devastating placental disease results from hematogenous dissemination of the 
viruses of variola, vaccinia, and varicella in the gravida. The associated fetal in
fections are severe, also blood-borne, and often lethal. However, these agents 
have not been shown tobe teratogenic to the human embryo (MEDEARIS). 

The severity of infections with variola is such that there is great risk of death 
of the fetus, or premature labor, as well as death of the gravida, herself. While 
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premature labor may ensue because of the toxic state and systemic reaction of 
the mother, occasional cases of overt placentofetal disease have been reported 
(GREENWAY; LYNCH; ScHICK}. GARCIA described 2 instances of necrotizing viral 
placentitis which complicated intragestational alastrim, an attenuated form of 
variola. Clinically, the 2 gravidas experienced the viral infection at 4 and 5 months' 
gestation, and delivered macerated fetuses 20 days and 2 months later. The as
sociated placentas were relatively heavy, weighing 90 and 120 gm, while the res
pective fetal weights were 180 and 520 gm. Minute yellow foci, described as 
"creamy" in one case, dotted the fetal, maternal, and cut surfaces ofthe placentas. 
Both exhibited widespread parenchymal, i.e. villous, placentitis. Aggregates of 
villi appeared to be a.gglutinated, bound together by fibrin, exudate and debris. 
Necrosis of trophoblast was extensive. Villous stroma was irregularly necrotic 
and many srnall vessels had disappeared. In the case of recent inception, poly
morphonuclear leukocytes were more numerous, in and around the damaged villi, 
than in the more chronic infection. Epithelioid cells were prominent in the latter 
case. Lesions in both placentas contained occasional inflammatory giant cells. 
The composite picture was one of extensive granulomatous and necrotizing 

Fig. 239 Fig. 240 

Fig. 239. Congenital fetoplacental vaccinia. Foci of villons necrosis are scattered throughout this placenta; 
trophoblast has disappeared; leukocytes surround and intlltrate these foci (van Gieson, x 100; case published 

through the courtesy of Dr. Biörn Ivemark). 
Fig. 240. Same case as in previous tlgure . Villous destruction is associated with polymorphonuclear and mono· 

nuclear leukocytes. Fibrin desposits also contain degenerating leukocytes (van Gieson, x 160). 

placentitis. Small, eosinophilic cytoplasmic inclusion bodies, morphologically con
sistent with Guarnieri bodies, were identified in the deciduas. No other placental 
components were found to contain inclusion bodies. No other unusual reaction 
was observed in the deciduas. Unfortunately, in each case the diagnosis of alastrim 
was based on clinical and morphologic data, without virologic or serologic studies. 

Disseminated vaccinia of the placenta and fetus is a rare complication of 
intragestational vaccination (LYNCH; MAcARTHUR; WrELENGA; NAmoo et al., 
ENTWISTLE et al., HooD, KILLPACK, TucKER & SIBSON}. Usually, the gravida 
has been vaccinated for the first time during pregnancy, and has experienced a 
brief systemic illness within a few weeks of this inoculation. Weeks to months 
following the vaccination, abortion or premature delivery occurs, and the fetus 
is usually born dead and macerated. LYNCH observed such a case in which 
';pemphigoid" vaccinia was seen in a 600 gm infant and the large placenta was 
flecked with white. MACARTHUR described fetal hydrops and an enlarged placenta 
under similar circumstances. Umbilicated necrotizing lesions afflict both the fetus 
and the placenta. Figures 239and 240 depict placentallesions which were associated 
with intrauterine disseminated vaccinia. Although the intraovular spread of vac-
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cinia is disastrous to the fetus, relatively few vaccinations performed during 
pregnancy are so complicated (BELLOWS et al., MAcARTHUR, BouRKE and 
WHITTY). 

The placentitis of varicella is similar to that seen in disseminated variola and 
vaccinia. GARCIA described congenital chicken pox in a premature infant and a 
macerated fetus, each born some 4 weeks following maternal varicella, which 
had occurred at 28 and 14 gestational weeks. At autopsy, both the fetus and the 
infant demonstrated areas of necrosis in viscera and ulcers of skin and mucous 
membranes. The placenta associated with the fetal death was relatively large, 
weighing 280 gm. (fetal weight 520 gm), and was riddled with inßammatory foci. 
These were the size of grains of rice, and were composed of necrotic villi, en
meshed in exudate and fibrin. Trophoblast was necrotic. Granulomatous lesions 
occupied some villi, consisting of focal necrosis, surrounded by epithelioid cells, 
a few inßammatory giant cells, and round cells. Decidual cells contained occasional 
intranuclear, eosinophilic inclusion bodies. The placenta of GARCIA's second case 
and of those reported by SHUMAN, ÜPPENHEIMER, and LuccHESI and et al. were 
not studied. 

Herpes simplex 

Few reports have appeared which suggest that herpes simplex virus may also 
be transmitted to the unborn child. In the single case reported in 1963 by MITCHELL 
and McCALL cutaneous lesions were present at birth and the clinical course of 

Fig. 241. Placenta associated with blrth of distressed Infant, who died neonatally as a result of disseminated 
herpes slmplex infection. Necrosls of vllll, with llttle or no inflammatory response, resembles that seen in the 
adrenal glands and Ii ver, suggestlng, with the clinical data, that this was herpetlc placentltis (H & E x 40). 

the infant was exceptionally mild. Unfortunately, the associated placenta and 
adnexa were not examined. None of the other reports of early neonatal herpes 
simplex which might have begun in utero includes a description of the placenta 
or attempts to isolate the virus therefrom. 

BIEGELEISEN and co-workers have demonstrated passage of this virus from 
the experimentally infected rabbit to her fetuses. 



Cytomegalovirus Disease 381 

Numerous microscopic villous lesions have been encountered in the placenta 
of an infant who died 9 days postnatally of disseminated herpes simplex. This 
child was delivered abdominally, during a brief, febrile, grippe-lilm illness of the 
mother, and was isolated from the parents immediately following birth. The 
placenta contained foci of villous necrosis, with agglutination of contiguous villi, 
and almost no accompanying inflammatory reaction (Figure 241). Structures 
resembling intranuclear inclusion bodies were seen within the traphoblast of such 
lesions. The unique morphology of the placentitis and the resemblance of the 
lesions to those typical of "hepato-adrenal necrosis" support the contention that 
they represent placental herpes. Unfortunately, this placenta was not studied 
virologically, although the herpes virus was isolated from multiple tissues of the 
infant at necropsy (WITZLEBEN & DRISCOLL). 

Other Viral Diseases 

Western equine encephalitis, influenza, poliomyelitis, mumps, infectious hepa
titis, measles, herpes zoster, Coxsackie, adeno-, and echo-virus infections have 
been seen at birth or shortly thereafter (EICHENWALD & ScmNEFIELD; PoTTER; 
BLANC; BENIRSCHKE; KIBRICK; MoRISON). Although few case reports include 
placental examinations, no lesions of the placenta and its adnexa have been at
tributed to these viruses. Attempts to demm1strate viruses in placentas of infants 
with congenital disease have also been rare. However, ScHAEFFER & SHELEKOV 
and their co-workers mention isolation of poliomyelitis virus from the placenta 
associated with spontaneaus abortion during acute matemal infection and from 
that of an infant with congenital subclinical poliomyelitis. 

Systematic placental studies will be necessary to determine whether placental 
disease is a requisite for viral invasion of the fetus, either during matemal in
fections or in response to live vaccines administered during pregnancy. 

Comment 

With the exception of cytomegalovirus disease, the viral infections which in
volve the placenta are associated with clinical illness of the mother. This is in 
contrast to the commoner bacterial infections, which are usually silent in the 
gravida. However, in overtly normal pregnancies, there are occasional instances 
of focal acute, subacute, or chronic villous placentitis whose significance and 
pathogenesis are unknown. Like those of cytomegalovirus infections, these lesions 
are scattered, often very small, and consist of villous necrosis and inflammation 
(Figure 242). The cellular infiltrate within and around the lesions may include 
polymorphonuclear leukocytes, histiocytes, or lymphocytes and plasma cells. The 
distribution of these foci within the placenta suggests that they are produced by 
a blood-borne agent. Their morphology suggests a viral etiology. Examination 
of serial samples of sera during and following pregnancy may ultimately lead to 
identification of microbial etiology for these lesions and an indication of their 
relevance to the outcome of pregnancy. Similarly, their relevance to such diseases 
as the "aseptic pulmonary catarrh" described by FLAMM, and attributed by him 
to probable viral infection, is yet to be determined. 

It seems probable that any microbial agent which can induce human infection 
can also infect the placenta, and thence, the fetus. The rarity of reported instances 
of some specific infections depends first, on the rarity of the responsible agent 
as a human pathogen, secondly, on its frequency during pregnancy, and thirdly, 
on the infrequency of placental studies. Surprisingly few data are available on 



382 IX. Infections 

the participation of the placenta in experimental intrauterine infections, such as 
lymphocytic choriomeningitis in mice (TRAUB, HoTCHIN), herpes simplex infections 
(BIEGELEISEN et al.), chronic toxoplasmosis (HELLBRÜGGE et al., HuLDT, NEI
DITSCH, REMINGTON), anaplasmosis (NEITZ, PrERCY), attenuated vaccines 
(ScHULTZ, YouNG), and even bacterial infections (RENOUX et al., ScHULTZ). 
Recent observations on human gestational rubella (ALFORD et al., DRISCOLL) and 
on congenital cytomegalovirus disease (BLANC, MEDEARIS) indicate that persistent 
viral infections occur in man as weil as in other species, notably the remarkable 
"tolerant states" which are produced when fetal mice become infected with 
lymphocytic choriomeningitis (TRAUB, HoTCHIN). The participation of the pla
centa as an active tissue in these infections, perhaps by selective passage or ex
clusion of virus is suggested by limited histological data. ALFORD and his colleagues 

Fig. 242. Recurrent non-speciftc subacute or chronic villous placentitis. This was the third successive placenh 
deiivered to this woman, all three demonstrating the same lesions. No clinical disease in tt.e gravida or the infants 

(H & E x 40). 

observed that rubella virus seemed to be denied access to the fetus when the 
maternal infection occurred after the first trimester of pregnancy. The real röle 
of the placenta as a reactant in infectious diseases and immunity and other defense 
mechanisms is just beginning to unfold (SILVERSTEIN, DANCIS) . 
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X. Hemolytic disease of the newborn 
In the pathologic states, collectively known as "hemolytic disease of the new

born", the placenta is an integral component of the reacting system, and often 
reflects injury shared with the fetus. HELLMAN and RERTIG described the salient 
features of placentas associated with the hydropic and icteric forms of this disease. 
Later authors reiterated their observations and pointed out certain features 
suggestive of pathogenesis (KING, ScHMIDT, PoTTER, ALvAREZ, et al.). Just as 
HELLMAN and HERTIG remarked on the morphologic similarities between these 
placentas and those associated with congenital syphilis, others have commented 
on resemblances to less common fetoplacental diseases, which may mirnie erythrob
lastosis fetalis as the latter affects both the fetus and the placenta (MoRISON, 
ScoTT, BuRSTEINet al., HIRSZFELD et al., ENG, CALLAHAN, BAIN, HALL, Escn, 
ScHUBERT, KouvALAINEN et al., DussART). 

Hemolytic disease of the newborn, or erythroblastosis fetalis, results from de
struction of fetal erythrocytes by antiborlies manufactured in the mother and trans
ferred from her circulation tothat of the child. Most commonly, a gravida has been 
sensitized to an erythrocyte-borne antigen by a previous heterospecific pregnancy. 
Less frequently, the initial introduction of the foreign antigen into the tissues of the 
gravida has occurred through blood transfusion or injection of blood of an unmatched 
donor, with the intention of enhancing resistance to infections or combatting hemor
rhagic diatheses. The antiborlies traverse the placenta in ensuing pregnancies, and, 
when similar antigens are present, destruction of fetal blood results. Fetal hemolysis 
and erythropoiesis tend to balance, until such time as the latter fails, and fetal anemia 
is the result. The latter may be fatal in utero, or neonatally. In other cases, the excess 
Ioad of bilirubin, which can be handled prior to birth by transfer to the matemal 
circulation, accumulates postnatally, and kernicterus may result. The syndromes of 
fetal death, neonatal hydrops and death, neonatal anemia, and kernicterus exact a 
toll of life and disability of considerable magnitude. 

Since the normal fetal and maternal circulations do not communicate, the 
precise mode of introduction of antigens into the maternal organism during 
heterospecific pregnancy is not clear. However, the rising level of fetal hemoglo bin 
in the gravida's blood as pregnancy progresses suggests that this placental 
"barrier" may often be less than impassable (RucKNAGEL). Antigenie differences 
between fetal and maternal erythrocytes have been exploited to permit the 
specific recognition offetal cells admixed with maternal blood during uncomplicat
ed pregnancies (HosOI, FINN et al., FRASER and RAPER). Rarely, fetal bleeding 
into the maternal circulation is massive enough to produce, on the one hand, 
fetal anemia, and on the other, clinical evidence of intravascular hemolysis with 
transfusion reaction in the mother (CHOWN, BLAIR, GuNSON, FINN, APLEY). The 
significance of placental disease in the pathogenesis of maternal isoimmunization 
is difficult to assess. In a high percentage of "normal" placentas even the proce
dures of gross slicing disclose areas of infarction, which consist of chorionic villi, 
i. e. fetal tissue, undergoing necrosis, bathed in maternal blood. The latter, although 
clotted, is contiguous with the blood circulating in the intervillous space. These 
lesions might be expected to afford access to the maternal circulation and thence 
to the maternal antibody-producing loci. Intervillous thrombi of maternal blood 
frequently encase fetal tissues, with necrosis of the latter, also a suggestive portal 
of entry for antigens. JAVERT and others suggested that these lesions are not 
maternal blood coagula, but sites of transplacental leakage of fetal blood into 
maternal intervillous "lakes". The presence of inordinately large numbers of 
nucleated red blood cell precursors in "hematomata" in immature pregnancies 
affords occasional evidence for such an occurrence (Figure 150). However, PoT
TER's studies, in which the blood ofintervillous coagula was grouped and compared 



X. Hemolytic disease of the newborn 391 

with the blood groups of mother and child in heterospecific pregnancies, tend to 
negate the hypothesis that this is a common lesion initiating maternal isoimmuni
zation. If, however, such thrombi contained a preponderance of maternal blood 
and few fetal cells, the detection of the latter might be difficult, yet their presence 
sufficient to sensitize the gravida. Quantitative studies of placentas of Rhesus 
negative gravidas in successive pregnancies might be enlightening in this respect. 
Similarly, a retrospective survey of past obstetrical experience of Rh negative 
women who have and who have not become sensitized against the Rhesus factor 
of their husbands aids in the interpretation of factors in pathogenesis. Recent 
studies by ZIPURSKY and co-authors have shown that isoimmunization to the 
erythrocyte antigens may follow the introduction of as little as 1.3 milliliters of 
blood into the circulation of an individuallacking said antigens. It is, therefore, 
not surprising that traumatic deliveries, amniocentesis, and other uterine mani
pulations during pregnancy increase the probability of such sensitization (NEVAN
LINNA et al., KNOX, FINN, WIMHÖFER, SAUERet al.). The observations of LEVINE, 
and others, that feto-maternal incompatibility within the ABOsystem is partially 
protective against Rhesus sensitization during the same pregnancy are relevant 
(ALLAN, RAcE & SANGER). Similarly, fewer fetal erythrocytes are dernonstrahle 
in the maternal blood stream during and immediately following an ABO incompat
ible gestation than one in which fetomaternal ABO compatibility exists (ZI
PURSKY et al.). Anatomie expressions of the mechanisms responsible for this 
protection are not recognized. Such phenomena as tolerance, genetic differences, 
and other aspects of "individual, biologic variation" may be important. The 
suggestion that the Rhesus negative woman whose own mother was Rhesus 
positive enjoys relative tolerance to the Rhesus antigen when such is present in 
her own fetus now seems to not have statistical support (RACE & SANGER). The 
possibility that ABO incompatibility results in early elimination of the affected 
conceptus as an abortion has also received considerable study (Vos et al.) [See 
also Chapter XI, Abortion). 

SILVERSTEIN reminds us that the placenta is "the first tissue in which mater
nally derived antibody might react with antigen from the fetal circulation, giving 
rise to an allergic reaction that would prove embarrassing to the fetus". This fact 
may explain the decreased risk of anti-Rh sensitization in the presence of feto
maternal ABO incompatibility. Appropriate use of immunofluorescent techniques 
might reveal antigen-antibody interaction in sites at which the fetal tissues 
confront the maternal blood. It would also be interesting to examine the "fibri
noid" deposited upon and within villi for evidence of in vivo precipitation of anti
gen-antibody complexes. REICH and FREDA have identified ABO (H) blood group 
substances in the tissues of the "placental barriers" (the placenta and adnexa, 
amniotic fluid, and decidua), and have related their findings to the blood groups 
and secretor status of mother and child. Further study of these phenomena may 
indicate their significance to the development of ABO incompatibility erythrob
lastosis fetalis, to the failure of development of anti-Rh sensitization in the 
presence of ABO incompatibility and, finally, to the pathogenesis of fetoplacental 
disease once sensitization has been established. Unlike the ABO substances, 
which have been demonstrated in a large number of different tissues and secretions, 
the Rhesus factors have been thought tobe limited to the red blood cells (ALLEN, 
RACE & SANG ER). However, by the use of potent anti-Rho (D) antisera, followed 
by fluorescein-conjugated rabbit anti-human globulin antiserum, JARKOWSKI 
et al. identified Rho (D) in the syncytium and villous basement membranes when 
the fetus was Rho (D) positive, but not with Rho (D) negative fetuses. Confirma
tion of these findings may explain much of the pathogenesis of fetoplacental 
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disease associated with maternal circulating antibodies. Direct placental injury 
andfor active placental participation in the immune reactions may then account 
for the variability of placental morphology in erythroblastosis fetalis (vide infra). 
BuRSTEIN and his colleagues sought an immunological explanation for some of 
the histologic abnormalities of placentas associated with erythroblastosis fetalis . 
Sections reacted with fluorescein-labeled anti-Rh antibody exhibited specific 
immunofluorescence, localized to the basement membranes of the syncytium 
and of the endothelia of villous vessels. 

The placental manifestations of fetal erythroblastosis result from hemolysis, 
anemia, active erythropoiesis, edema, placental "growth" and, perhaps, active 
immune phenomena. Their degrees vary greatly, depending, in part, on the 
gravity of the fetal disease. In the most severe cases, presenting as fetal hydrops, 
placental hydrops is usual. In the mildest cases, no morphologic evidence of the 
fetal disease may be detectable on placental examination. 

In hydrops fetalis due to hemolytic disease, the placenta is typically a bulky, 
friable, large, pale organ, which may weigh as much as two kilograms (Figure 
243). The villous and ramifying structure is coarsened by virtue of enlargement 
of all components, and thin fluid streams from its members on standing or 

Fig. 243. Matemal surface showing the bulky, friable and nearly white cotyledons. 

with handling. The umbilical cord is edematous, with viscid translucent jelly , 
and may be yellow or green in color. Often the appearance isthat of circummargi
nate insertion of the membranes, perhaps resulting from the massive edema of 
villous tissues, expanding the placental mass marginally, beyond the stretch of 
the chorionic plate. The fetal membranes are sometimes edematous and often 
friable. A yellow, brown, or green discoloration of these structures may be visible 
against the pallid, near-white or yellow-pink of the placental substance. With 
profound fetal anemia, the contents of the large fetal vessels may be thin and 
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watery. The cotyledonary structures appear bulky and large. Infarcts ( q. v.) and 
decidual necrosis are common, although neither constant nor pathognomonic, 
features of these placentas. 

When the intrauterine disease is less severe, the alterations in placental 
morphology are also less impressive. In many cases, requiring neonatal exchange 
transfusions because of isoimmunization and erythroblastosis fetalis, the gross 
appearance of the placenta is not unusual. On the other band, the features of more 
advanced isoimmune disease may be simulated in placentas associated with other 
matemal and fetal disorders . Rarely, intrauterine hemolytic anemia, produced 
by other mechanisms than isoimmunization, e. g. congenital non-spherocytic 
hemolytic anemia and hereditary hemoglobinopathies (especially Bart's hemo
globin) , is responsible for hydrops placentalis and hydrops fetalis (ENG, MoTUL
SKY). Also, the fetal anemia, which results from feto-maternal hemorrhage prior 
to Iabor, may be associated with a similar clinical and morphologic picture 
(RUDOLPH, WEISERT). Typically, the placenta of congenital nephrosis is large 
and pale, i. e. hydropic (KouvALAINEN). That of the diabetic patient is often 
heavier than normal, with congested parenchyma, and may even be edematous, 
with edema of the umbilical cord as well (DRISCOLL, MAQUEO, McKA Y). The 
most striking resemblance to the hydropic placenta of severe erythroblastosis 
fetalis among diabetics is seen in poorly controlled, or even untreated disease 

Fig. 244. Placenta in severo erythroblastosis fetalis. These villi are I arge ; the cncasing traphoblast is thick; 
the stroma is cellular and rieb in Hofbauer cells (H & E x 250). 

(MAQUEO). Certain infants born with malformations (cystic adenomatoid mal
formation of Jung, cardiac anomalies, inter alia), or with chronic infections, e. g. 
syphilis and toxoplasmosis, are also often accompanied by placentas grossly 
suggestive of severe hemolytic disease of the newborn (EscH, GoTTSCHALK, 
CALLAHAN, HERTIG). Finally, in three cases of perinatal death due to disseminated 
fetal neuroblastoma, the placentas were very similar in gross features to those of 
erythroblastosis fetalis (BIRNER, STRAUSS and DRISCOLL). In two of thesemassive 
intravascular spread of the neoplasm was evident throughout the fetal portion 
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of the placenta. In spite of the gross placental similarities among a host of fetal 
diseases, the histologic features usually differentiate the specific entities. How
ever, "cryptogenic" placental hydrops is also seen, again with fetal hydrops 
(MORISON, PoTTER). In retrospect, it is not clear whether earlier descriptions of 
generalized fetal and placental edema were concerned with specific etiologic 
entities (BALLANTYNE, ScHRIDDE, SITZENFREY, TEUFFEL, EICHELBAUM, Ko
VACS). 

The histologic features of the placenta in fetal hemolytic disease due to iso
immunization vary in kind and in degree of severity. The wet, pale, hydropic 
placenta, described as the extreme, is an edematous organ, composed of large 
villi and villous stems, and thick membranes. The villous vessels usually ap
pear to be arranged at the periphery of the villi, and are choked with blood, 
within which are numerous very immature and Luge erythrocyte precur-

Fig. 245. Immature-appearing villi in a placenta associated with crythroblastosis fetalls. The trophoblastic en
velopes are thick. Cytotrophoblastic mitoses are secn (H & E x 130). 

sors. The stroma is widened by edema, and increased cellularity. The envelope 
of trophoblast encasing the villus is thick, often two-layered (Figure 244). In 
addition to the persistence or recurrence of the Langhans layer on villi, tropho
blastic mitoses may be seen (Figure 245). Only rarely does the placenta itself 
participate in the extramedullary erythropoiesis which is manifested in many 
fetal organs when the fetal disease is severe (Figure 246) (GooRMAGHTIGH, 
ScHMIDT). In such unusual circumstances the villous capillaries contain clusters 
of large erythrocyte precursors at various stages of development, among which 
are occasional cells in mitosis (Figure 247). In this response the villous capillaries 
simulate the hepatic sinusoids. Interstitial intraplacental hematopoiesis is very 
rare. Microdissections of partially digested placental tissues from some cases of 
erythroblastosis fetalis show that the brauehing of villi is increased (CRAWFORD). 
Taken with the more frequent identification of mitotic cells in such placentas, 
these findings indicate continued or renewed growth of the placenta in this disease, 
at least in its severe forms. Conversely, the syncytial knotting and nuclear 
clumping are decreased in relation to the gestational age of the pregnancy. The 
deposition of fibrin within the cytotrophoblast and at the fetal-matemal interfaces 
is not increased in erythroblastosis fetalis . Although the usual picture is aptly 
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described as "relative immaturity" of the placenta, some cases show additional 
unusual features which suggest immune reactions. The villous capillary endo-

Fig. 246 ErythrocytopolesiR in the chorionic villi in association with severe fetal hemolytic anemia. This process 
is predominantly intravascular, only very rarely occurring in the villous stroma. The edema and tropho· 

blasticproliferation are also evident (H & E x 360). 

Fig. 247. Massive erythropoietic activity in the chorionic villi in erythroblastosis fetalis . The erythrocytic pre
cursors develop in the vilious capillaries, which thus resemble hepatic sinusoids in this disease. Mitoses are seen 

(H & E X 350). 

thelium may be swollen by virtue of hypertrophy of cells, which then bulge into 
the capillary lumina. Often the stromal cells, including the Hofbauer cells, are 
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also hyperplastic and appear "active". Recent studies of fresh, unfixed placental 
tissue by phase-contrast microscopy disclosed characteristic morphological details 
at various gestational ages (ALVAREZ). Similar studies of abnormal placentas, 
especially those of histologic immaturity or maturity inappropriate for gestational 
age, may clarify some aspects of the pathophysiology of such states as hydrops 
fetalis and hydramnios. 

KLINE's observations of agglutinated erythrocytes and fibrin thrombi in vascular 
trunks, necrosis of vascular walls and regional tissues, and resulting spillage of fetal 
blood into contact with that of the mother led him to designate this disease as "trans
placental erythrocytotoxic anemia". In these studies, KLINE did not differentiate the 
placentas of stillbirths, even those which had become macerated and autolyzed, from 
those without such explanations for secondary changes in placental morphology. 
Furthermore, he described similar evidences of injury in placentas associated with 
normal gestations. A few other observers have also commented on histologic evidence 
ofvillous damage, such as necrosis and breaks in the "barrier" (BICKENBACH, MARTIUS, 
NIJHOFF). However, a large personal experience indicates that such phenomena are 
not seen with any degree of consistency or frequency. Moreover, frank histological 
evidence of villous injury, except for that which is associated with infarcts and inter
villous thrombi ( q.v.), is not striking. 

BuRSTEIN et al. described two additional abnorrr:alities in the placentas of erythro
blastosis fetalis caused by anti-Rhesus sensitization. The average number of syncytial 
knots per villus was increased and the villous stem vessels showed endothelial pro
liferation, associated with deposition of PAS-positive, iron-negative material in the 
vessel walls. This lesion sometimes progressed to complete vascular occlusion. BECKER 
and BLEYL used fluorescent microscopy to demonstrate increased quantities and 
condensation of interfibrillar material in the villous connective tissues in erythro
blastosis. Whether these observations are related to immune phenomena is not lmown. 

According to ZACKS and BLAZAR, who studied 6 placentas of erythroblastosis fetalis 
by electron- and phase microscopy ofthin sections, as well as a battery of histologic 
stains, no structural deviations from the normal could be recognized, except in the 
two cases of hydropic erythroblastosis. Electronmicrographs of these specimens showed 
extreme vacuolation of the syncytial cytoplasm, vacuolated mitochondria, nuclear 
swelling, and electron dense semicircular granules lining vacuoles. DROGENDYK, who 
also noted vacuolation of the syncytiotrophoblast, postulated on this basis that 
hydrops resulted from a functional disorder of the placenta. 

When the erythroblastosis fetalis is severe or moderate in degrec, the chorionic 
plate, amnion, and extraplacental membranes may be thick and edematous, 
with prominent phagocytic mononuclear cells. These are often engorged with 
iron-pigment or with other pigments, probably derivatives ofbilirubin (Figure 248). 
The amniotic epithelium may be similarly stained. Usually the umbilical cord is 
discolored, either bright yellow or orange-yellow. On the usual microscopic study, 
no pigment is recognizable in the cells of such cords. If the products of pregnancy 
be retained for many weeks following fetal death in erythroblastosis fetalis, as in 
any feto-placental disease, the placental evidences of the original process disap
pear, being obliterated by gradual atrophy and desiccation. Thus, it may not be 
possible to diagnose or even to suggest the nature of the disease which had proved 
lethal to the conceptus. 

The pathogenesis of the placental changes in hemolytic disease of the newborn is 
complex, and, in some respects, is still obscure. Like most other conditions in which 
fetal edema occurs, hydropic erythroblastosis fetalis is always accompanied by hydrops 
placentalis, and seems to be explained by the same phenomena. Milder disease shares 
many of the same general mechanisms. Disparate severities of fetal and placental 
disease in pairs of twins, both of whom are affected by isoimmune hemolytic anemia 
(SOERGEL), indicates that in addition to antibody titers, matemal blood group, and 
intragestational health of the gravida, other factors participate in its pathogenesis. 
Fetal anemia with cardiac failure, hypoxia with increased passage of fluid from vessels 
into the interstitial space, and hypoproteinemia may account for the frank edema of 
both baby and placenta. Whether any of these aspects is indicative of active placental 
participation in the immune phenomena is not known. 
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The yellow discoloration of tissues which surround the amniotic fluid, i.e. the 
amnion and the surface of the umbilical cord, is probably a consequence of excretion 
of bile pigments in fetal urine, which becomes mixed with amniotic fluid. Growth 
and hyperplasia of the villous trophoblast, the Langhans' epithelium, is difficult to 
explain. Similarities among conditions so associated suggest common mechanisms, 
e.g. hypoxia, as proposed by McKA Y, WIGGLESWORTH. In hydatidiform moles, within 
fibrin-entrapped masses of cytotrophoblast, in some diabetic patients, and in such 
unrelated conditions as chronic feto·placental infections, proliferation of cytotropho
blast is common. 

. •' -- , 

Fig. 248. Hemosiderin grannies are seen within macrophages of the fetal membranes in severe crythroblastosis. 
(Prussian blue x 100). 

Not only do the placental responses to isoimmune hemolytic anemia of the 
fetus vary in degree and kind, but they are mimicked by other fetoplacental 
disorders. Some clues as to pathogenesis may be derived from comparisons with 
other states sharing some of the morphologic features of these placentas. SILVER
STEIN's remarks on the morphologic similarities between placentas in erythro
blastosis fetalis and congenital syphilis are relevant to the pathogenesis of these 
disease states and the placental participation therein. Reference to the wealth 
of material described and illustrated by HöRMANN inter alia, and a limited 
personal experience indicate that the placentas of congenital Iues and of erythro
blastosis fetalis share a few morphologic features. In the minority of instances, 
the placenta of congenital syphilis is !arge, bulky, and pale, but not friable and 
wet with weeping surfaces. Only one of HöRMANN's series of carefully studied 
cases of antenatal syphilis was associated with a placenta exceeding 840 gm., a 
weight which is not unusual in moderately severe or severe erythroblastosis. 
Histologically, the placental features shared by the two diseases are edema, fetal 
normo- or erythroblastemia, sometimes increased villous cellularity, and prolifera
tion of trophoblast. However, endovasculitis obliterans, angütis, and chronic 
villous inflammation, so characteristic of luetic infections, are not seen in erythro
blastosis fetalis. The lesions described in erythroblastotic placentas by BuRSTEIN 
et al. involve some of the same vasculature as Iues, but the former are bland, and 
not associated with inflammation. 
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Recent revival of interest in toxemia-like syndromes associated with ovular 
diseases has focused attention on the trophoblast of associated placentas. Accord
ing to ScoTT, trophoblastic hyperplasia is evident in the placenta in many such 
cases, including hydrops fetalis. This is interpreted as evidence of an active 
placental factor, of which the matemal syndrome is a clinical expression. The 
possibility that matemal symptoms, which occur without prior disease and regress 
following termination of the pregnancy, are produced in response to abnormal 
or perverse placental andfor fetal metabolism has not been excluded. It would 
be interesting to study systematically all placentas associated with these maternal 
:;yndromes, for evidence of a common metabolic or histochemicallesion. 

Finally, the recent reports of DESAI and coworkers on transport of white blood 
cells from fetus to mother in erythroblastosis fetalis require comment. When 
atabrine-labeled homologous leukocytes are included in the intraperitoneal 
transfusion of the fetus in utero, said cells can be recovered from the peripheral 
circulation of the mother. To date the recipients of such transfusions have been 
selected because of the grave prognosis for survival of the fetus without intrauter
ine treatment, i. e. severe disease is already manifest. Whether the mechanisms 
by which leukocytes and platelets permeate from fetus to mother under these 
conditions are relevant to the pathogenesis of isoimmunization ab initio or to the 
general phenomena of the disease itself cannot be ascertained in light of current 
knowledge. 

In a recent contribution MAYER and colleagues have shown by serial sec
tions and electronmicroscopic study that, indeed, fetal red cells may traverse 
between capillary endothelial cells. They were traced to the villous basement 
membrane and similar studies may eventually show a "physiologic leakage" since 
no frank disruption of this admittedly pathologic specimen was seen. 
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XI. Abortion 
Estimates of the frequency of abortion of human pregnancies vary from 10 to 35% 

of all conceptions (HERTIG, TIETZE, VALAORAS, STEVENSON). Doubtless much of the 
wide variation in reported rates of abortion reflects the different methods of ascertain
ment, not true differences among populations. Recognizing the many sources of in
accuracy in compilation of such statistics, NESBITT suggests that previable wastage 
of human lives occurs at an annual rate of 400,000 in the United States alone. It is 
also probable that a significant number of early spontaneous abortions arenot recognized 
by the patient herself or her physician. The legal interruption of pregnancy by surgical 
means or intrauterine injections contributes to the early pregnancy losses. Of course, 
local variation in custom and law influence the latter groups. (See WrLLIAMS for 
thoughtful discussion.) Except in countries where social indications permit the legal 
performance of abortions, "therapeutic abortions" constitute but a small minority of 
the deliberate or intentional, artificial terminations of gestation. Illegal induced abor
tions account for an unknown portion of the total "fetal wastage". According to 
P ARISH, more than 50% of 1000 consecutive patients hospitalized because of abortions 
admitted interference with the pregnancies, usually by mechanical methods. CAL
DERONE estimates that 200,000 to 1,200,000 criminal abortions occur annually in 
this country. According to BATES and ZAWADZKI, one in every five pregnancies in the 
United States ends in an illegal abortion. 

Evidence that spontaneous abortion may be clinically silent has been derived 
from anatomic studies, examination of tissue specimens from patients subjected 
to surgical treatment or diagnostic procedures without prior knowledge of the 
presence of a conceptus, andfrom statistical surveys ofvarious traits in populations. 
The occasional discovery of remnants of ovular derivatives encountered acciden
tally in the course of surgery supports the impression that inapparent pregnancies 
and their similarly inapparent spontaneaus terminations account for an important, 
although presently inestimable, wastage of human lives. Deficits of particular 
traits among progeny of matings predictably productive of zygotes bearing these 
traits have been demonstrated statistically. These observations have been inter
preted as indicative of early ovular death on the basis of lethal genes or massively 
hostile environment. 

The classic studies of HERTrG and RocK demonstrated ovular anomalies in 
12 of 28 early human pregnancies in demonstrably fertile marriages. These lesions 
were such as to suggest that abortion would supervene, and 4 were likely to 
abort prior to the first "missed period", i.e. before the gravida would have been 
known to have been pregnant. If this small sample of carefully studied cases is 
representative of the larger population, spontaneaus termination of inapparent 
pregnancy must be a very frequent event! The lesions which led to this prediction 
comprised: multinucleated blastomeres, absence of the embryonie disc, andfor of 
the chorionic cavity, and hypoplasia of the placental anlage. 

By custom and for legal and social reasons, fetal wastage is arbitrarily divided 
into previable losses or abortians and perinatal deaths, comprising both stillbirths 
and neonatal deaths. This arbitrary separation of early interruptions of pregnancies 
into "abortions" and "premature births" has led to an unfortunate similar division 
of data and of investigative approaches to these phenomena. However, the patho
genesis may often be the same, critical factors may be shared, and, once again, 
a continuum of abnormality, varying only in degree and time of expression may 
exist. Although it is extremely difficult to apply the same systematic approach 
to the investigation of the aborted conceptus as is applied to the premature 
delivery in a search for responsible mechanisms, recent studies indicate the vali
dity and the value of doing so. In a number of respects it is more reasonable to 
study the dynamic pathology of the embryonie and fetal periods of development, 
than to separate categories primarily on the arbitrary basis of "viability". Since 
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the overlap of pathogenetic mechanisms of "late abortions" and premature births 
is especially great, it is not surprising that many placental lesions are common 
to the 2 groups. (For examples, see Chapters III, V, IX, re: Membranes, Multiple 
Gestations, Infections.) Among other species, the incidence of abortion is similarly 
high. Same mechanisms of previable pregnancy wastage are common to humans 
and other mammals. 

A variety of possible specific etiologies for abortion can be discussed. However, 
no series of cases has been studied systematically in sufficient detail to answer 
the critical questions: l) Why is pregnancy wastage as common as it is ? 2) What 
is the impactoftbis particular cause on the total previable wastage ofhuman lives? 
3) How large is the residue of unexplained abortians? 4) How do populations 
differ in these respects? Because of the large number of variables involved, an 
extremely large series of cases would be necessary to answer these questions. 
Habitual abortion is even less clearly understood. 

The genetic aspects of abortion have been ably discussed by WARBURTON and 
FRASER, whose brief, but critical and comprehensive review indicates the paucity of 
actual data on the subject. Since then, cytogenetic studies have revealed frequent 
errors of chromosomal number and configuration among aborted products of gestation. 
According to WARBURTON and FRASER, the theoretical genetic bases for abortion are 
t,hree: l) lethal genes, either recessives or mutant dominants, in the embryo itself, 
2) "abortion genes" in the gravida herself, and 3) genetically determined antigenic 
incompatibility of fetus and mother. In a discussion of the load of hereditary defects 
in human populations, STEVENBON expressed the opinion that specific lethals may be 
responsible for some abortians and stillbirths in man. However, probably because of 
the inadequacy of current methods of detection, he was unable to find any direct 
evidence of their occurrence. STEVENBON found a higher frequency of consanguinity 
among "parents" of abortians than those of livebirths. BööK failed to demonstrate 
such a relationship in his studies offirst-cousin marriages. Data bearing on the question 
of lethal genes have been presented by LYON. In 3 inbred strains of mice, crossed 
reciprocally and compared with intra-strain matings, no increase in pre-implantation 
losses occurred within strains. However, following implantation, more wastage was 
evident from the inbred pairs than from those outbred, and was relatively specific in 
timing within a highly inbred strain. Such losses are compatible with known lethal 
gene effects. Also, although pre-implantation losses were not increased in the highly 
inbred pairs, the female progeny of such matings manifested increased pre-implanta
tion wastage. The latter observations are consistent with the hypothesis of WAR
BUR TON & FRASER that the maternal genotype may influence her reproductive success, 
just as that of the zygote may affect its susceptibility to abortion. Such investigations 
as BATEMAN's, on x-irradiated mice, indicate that many abnormal embryos, bearing 
varying numbers of dominant lethal mutants, either die prior to implantation or fail 
to implant. SzuLMAN has suggested a similar early lethality of some aneuploidies to 
account for the limited array of chromosomal aberrations found in products of clini
cally overt spontaneaus abortion. The problems of recognition of the earliest human 
abortians are obvious. 

Repeated studies have shown a preponderance of male sex among products of 
spontaneaus abortion (TIETZE, ScHULTZE, SERR et al., HATHOUT, PuLLE and 
RIGANO, inter alia). Estimates of the primary sex ratio, combined with observed 
sex ratio of expelled products, premature and term births, indicate that males 
predominate at conception and that more males are "wasted", especially prior to 
viability. The differentiallass of male progeny over female is usually ascribed to 
the unopposed effects of deleterious genes in the XY genome, i.e. the "unmasking" 
of lethal genes. The new and expanding field of cytogenetics has already shed 
appreciable light on this phenomenon, and on the lang suspected existence of 
genetic aberrations in many human pregnancy failures. On the basis of early 
cytogenetic studies, V ALENTI has cast some doubt on the validity of the pre
valent views on the predominance of male over female abortuses. 

26• 
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CARR, CLENDENIN and BENIRSCHKE, THIEDE and SALM, DELHANTY, DELHANTY 
and PENROSE, KLINGER and ScHWARZACHER, HALL and KÄLLEN, MENITSKII, 
NAUJOKS, AuLA & HJELT, SzuLMAN, and others have exploited the methods of 
cytogenetics to evaluate the occurrence and frequency of karyotypic anomalies 
among products aborted spontaneously (Table I). These combined series indicate 
that a major portion of spontaneous abortions is associated with abnormalities 
of chromosome number andfor morphology. Indeed, 28.5% of the cases from 
which technically successful preparations were obtained manifested some chromo
somal anomalies. The latter comprised the same array as has been found in sur
viving individuals, as well as rare instances of aneuploidies not seen in extrauterine 
life (Table II). 

A representative sample of a chromosomally abnormal abortus is shown in Figs. 
249-252. This material was obtained at curettage from a 34 year old multigravida, 
following vaginal bleeding and spontaneaus dilatation of the cervix at 16 weeks' gesta
tion. The empty ovisac measured three by five centimeters; a five centimeter umbilical 
cord and, three centimeters from it, a one millimeter yolk sac were seen. Tissue culture 
of chorionic fibrous tissue consistently yielded 4 7 chromosomes; no Barr bodies were 
seen in sections; apparently trisomy 21- 22. 

Fig. 249. Representative sample of chromosomally abnormal abortns. Metaphase plate of chorlonic tlssue culture. 
(See Figs. 25Q-252). 

These early studies culminated in CARR's recent report on a series of "more 
than 400" spontaneous abortions whose products were investigated cytogeneti
cally. This series was limited to previable wastage which occurred within 154 days 
following the last menstrual period; no fetus weighed more than 500 gm. Explants 
were taken from amnion, chorion, umbilical cord, embryonie parts, and muscle 
sheaths from the larger fetuses. Comparison of the distribution of gestational 
ages among the abortions studied by CARR and other reported series of spon-
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Table I. 

Cytogenetic studies in spontaneaus abortion1) 

Initial tissue cultures were taken from: 544 products of spontaneaus abortion 

Technical success was achieved in: 246 (45%) cases 

Chromosomal abnormalities were demonstrated 70 (28.5%) of these 

Matemal ages, 70 abnormal cases: Range 16-48 years; Mean 29 years 

Gestational ages, 63 abnormal cases2): Range 56-158 days; Mean 88 days 

405 

Similar studies of 158 products of therapeutic abortion disclosed abnormal chromo

somes in three cases-Combined data of MAKINO, THIEDE & SALM, SzuLMAN. 

1) Combined data of CARR (1963, 1965), ÜLENDENIN & BENIRSCHKE (1963), THIEDE & SALM: (1964), and 
SZULMAN (1965). 

') Excluding series of THIEDE & SALM. 

Table II. 

Chromosomal abnormalities demonstrated in products of spontaneaus abortion1) 

Chromosomal Anomaly and Chromosomal Sex 

45XO 
Triploidy (69 Chromosomes): 

XXY 
XXX 
XYY 

Single Autosomal Trisomy (47 Chromosomes) 
Group E, XX 
Group E, XY 
Trisomy for # 16 
Trisomy for ::J::1: 17-18 
Trisomy for ::J::I: 16-18 (i.e. unspecified) 
Group G, XX 
Group G, XY 
Group D,XX 
Group D,XY 
Group C, XX 
Group C, XY 
Group A, XX 
Group B, XX 

Tetraploidy (92 Chromosomes) 
xxxx 
XXYY 

Mosaic, 46XYj47XY Trisomy E 
Translocation, Group A, pair # 1 

Total 

Number of Cases 

18 
15 
10 
3 
1 
1 

32 
8 
4 
8 
2 
2 
7 
2 
4 
2 
2 
1 
1 
1 
3 
1 
1 
1 
1 
1 

70 

1) Combined data of CARR (1963, 1965), CLENDENIN & BENIRSCHKE (1963), THIEDE & SALM: (1964), and 
SZULMA.N (1965). 
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taneous abortions ind.icated relative deficiency of specimens from the first 56 days 
and relative excess of those older than 16 weeks in the former series. Once more, 

~R Kß l<H ]\l) n1 31\ 
2 3 4 5 6 

~JA- HK Xll a~ 111 ftA 
7 12 .,...,. 

"" ftlta •• "'~ 1\A 
13 15 16 17 18 

". •• A• AAt\ XA 
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Fig. 250. Karyotype prepared from spread in Fignre 249. The additional (trisomic) element is in the G group 
(# 21-22), i.e. trisomy 21-22, indistinguishable from Down's syndrome by present techniques. 

Fig. 251. Cross sectlon of umbillcal cord from thls speclmen (Figs. 249, 250, 252) contalning single atery and vein. 
(H&E x 60). 

technical failures were common, only 54% of the abortuses yield.ing preparations 
suitable for cytogenetic interpretation. The valid.ity of equating the cytogenetic 



Abortion 407 

status of the fetal adnexa with that of the fetus, or embryo, was again cor
roborated. However, it was interesting that one specimen yielded a line of cells 

Fig. 252. Raudom section of this immature placenta showing weil preserved, focally vacuolated traphoblast and 
relatively !arge, edematous , hypovascular villi. (Same as Figs. 249-251. H & E x 160). 

with a triploid-XYY karyotype on culture and the sections of chorionic villi were 
chromatin negative, yet that of a whole mount of amnionwas positive, strongly 
suggesting that the abortuswas a chromosome mosaic. Chromosomal abnormalities 
were uneavered in 44 of the 200 specimens studied successfully. These comprised: 
X monosomy (11 cases), triploidy (nine cases: six XXY, two XXX, and one XYY), 
tetraploidy (two cases, XXXX and XXYY), and autosomal trisomy (22 cases, 
assorted). The latter group included: Group E, seven cases, six involving Num
ber 16, and one, Number 17 or Number 18 chromosome; Group D, six cases; 
Group G, five cases, in one of which the extra chromosome lacked a short arm, 
and none of the supernumerary chromosomes seemed to resemble a normal Y 
chromosome; Group C, two cases, neither of which appeared, on analysis of Sex
chromatin of sectioned and spread uncultured tissues , to be an X trisomy; 
Group B, one case and Group A, one case, apparently involving chromosome 
Number 3. 

The abnormal karyotypes differed from chromosomal abnormalities heretofore 
demonstrated in Iiveborn infants and in surviving individuals in relative fre
quencies of X monosomy, trisomy of chromosome Number 16, and the poly
ploidies. Also, some of the karyotypes which were discovered had not been de
scribed previously in the living, or even among the smaller series of abortians 
reported prior to this. They comprised: XYY triploidy, and trisomies in Groups A 
and B. In light of the limited tissue available from many of the specimens for 
such studies, in many instances the difficulties of excluding the possibility of 
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mosaicism were unsurmountable. Once more, chromosomal anomalies were more 
frequent among tke earlier abortions tkan in tke later ones. Furtkermore, abnormal 
karyotypes were especially common among "bligkted ova": 50% of such specimens 
had chromosomal anomalies and more than 40% of chromosomally abnormal 
specimens were "blighted"; 11.5% of the chromosomally normal were also 
"blighted". Unfortunately, except for the blighted ova, these, abortuses were not 
described from an anatomical viewpoint, in spite of the inclusion of 23 abortions 
which took place at gestational ages exceeding 12 weeks. Specimens of such age, 
and size, would be expected to yield sufficient material for anatomic dissection, 
as well as the cytogenetic analyses with which correlations could then be sought. 
The sex ratio of the 200 abortuses was unusual, there being 85 male, 104 female, 
and ll XO, perhaps also partially an effect of the relative deficits of early, and 
excesses of late, abortions. 

Still other investigators continue to report single or small groups of cases in 
which chromosomal anomalies were found. These include: monosomy in Group A 
(KELLY et al.), trisomy in Group A (RASHAD and KERR), and trisomy in Group B 
(SATO). Theseabortions occurred at about 10 weeks' gestation and "blighted ova" 
were described. Doubtless the list of abnormal karyotypes will continue to grow 
as techniques and interest spread. The present methods of characterizing the 
chromosomes are relatively crude and nonspecific. With greater refinement, this 
approach may lead to a Separation of, for example, the XO or XXY zygote with 
45 or 47 chromosomes which is incapable of survival beyond a few weeks from 
conception from those to whom a normal lifespan is possible. 

Similarly, one may expect that abnormalities at the levels of groups of genes 
or individual genes, or at the "molecular level" will be uncovered in some 
abortuses. 

Mother of infants with the autosomal trisomies have an increased frequency 
of abortions in their obstetrical experiences. Whether these represent related 
chromosomal anomalies has not yet been reported. There was also an increase 
in mean age among women whose aborted products of gestation were shown to 
contain anomalous chromosomes. Perhaps these and other chromosomal aber
rations, which are more common among products of pregnancies as maternal age 
increases, explain, in part, MAc MAHON and his co-workers' observations that the 
products of spontaneous abortion contain a normal living fetus with steadily 
decreasing frequency as maternal age advances-from 33%, at ages under 25 years, 
to 3.2% at age 40 years or older. Most studies related to chromosomal aberrations 
and abortion have dealt primarily with aborted products. However, BISRUN and 
co-workers reported chromosomal mosaicism in a woman who had produced 3 suc
cessive "abortions", severely malformed offspring who died perinatally and were 
not themselves studied cytogenetically. 

Except for a general tendency toward occurrence in pregnancies of older 
mothers, the etiology of the chromosomal aberrations seen in aborted products is 
unknown. It may be of interest that WITscm observed frequent nondisjunction 
in meiotic and mitotic divisions of overripe eggs of Rana and Xenopus species 
of frog. Also, BoMSEL-HELMREICH and associates produced heteroploid, mainly 
triploid, embryos by introducing colcemid into the culture medium just prior to 
penetration of the rabbit ovum by the spermatozoid. Such embryos deteriorated 
progressively after the fifteenth gestational day, and none was alive by seventeen 
days. It is impossible to evaluate at the present time the potential role of environ
mental irradiation of the gonads in the production of chromosomally abnormal 
human zygotes. 

At first glance, these data might be interpreted as indicating that some 35 to40% 
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of spontaneous abortions are "due to" chromosomal abnormalities. Such a con
clusion is not valid for the following reasons: 

I) The cases studied cytogenetically were selected. 
2) A relatively high proportion of tissue samples which were selected were not 

successfully grown in tissue culture. 
3) Inapparent abortions were not studied. 
4) Most of the karyotypic lesions which have been demonstrated in tissues 

from spontaneous abortions have also been seen in individuals who have survived 
gestations of normal duration, and even into adult life. 

The anatomic features of the abortuses which have been shown tobe associated 
with chromosomal anomalies have not been described in detail. BENIRSCHKE's 
group identified an abnormal karyotype on cytogenetic study of embryonie and 
placental explants from a malformed abortus. This embryo , which measured ll mm 
in length, manifested an exencephalus, but no structural abnormality of the pla
centa and its adnexa. The same workers studied an abortus with an abnor
mal chromosomal constitution (45 chromosomes), whose placenta manifested 
overtly anomalous chorionic vasculature (Fig. 253). It may also be relevant 

Fig. 253. Vascular anomaly on the chorionic surface of the placenta of an abortus wit.h chromosomal ftndings of 
2n = 45 (XO). Multiple endothelium-lined channels are surrounded by a collar of smooth muscle. Others have 

interpreted this pathologic ftnding a s r epresenting vasculariza tion of a thrombus. (H & E x 300). 

to note that absence of one umbilical artery is a common lesion among 
autosomal trisomic births and that the placentas associated with D1 and E tri
somies are often unsually small relative to gestational age. Perhaps the cause of 
the abortion of a chromosomally aberrant conceptus may be identified on careful 
study of the structure and function of the associated placenta. However, most 
workers agree that many of the chromosomally abnormal aborted products are 
"blighted ova" , implyng that the embryo, if it had formed at all , died an ap
preciable time before the event of abortion. Such abortions may be the conse
quence of death of the embryo, regardless of the primary cause of the latter. In 
this area, as in the entire field of cytogenetics, detailed documentation of struc-
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tural, and, wherever possible, serologic and chemical, features of the conceptus 
are needed. For example, the important report of KLINGERand SaHWARZACHER 
documents meticulously the distribution of cell types in a young human abortus 
(fetal length 60 mm). These investigators were able to "map" the distribution 
of XY and XXY cells in each of the now juxtaposed fetal membranes, thus 
demonstrating the separate origins of the component cell lines in this abnormal 
early ovisac. 

Except for ionizing radiation, the specific environmental teratogens which are 
also abortifacients do not appear to inßuence the chromosomal constitution of 
the damaged conceptus. 

Relationskips to Teratology 
Fetal malformations are more common among aborted products than among 

viable births. MALL and MEYER classified 396 of the first 1000 abortuses acces
sioned at the Carnegie Institute of Embryology as "pathologic". No doubt some 
of these were valid instances of malformation of the cyemata. In addition to the 
features which led to the classification of pathologic ova, 38 of the 396 showed 
localized anomalies, such as spina bifida, hydrocephaly, anencephaly, and the like. 
Among the 604 abortuses not classified as "pathologic ova", another 37 presented 
localized anomalies. While this material was selected and hence biased, the fre
quency of overt structural maldevelopment is increased over that found in the 
mature fetus. HERTIG and SHELDON classified 617 of 1000 spontaneous abortions 
as representing ovular abnormalities, 489 ofwhich were pathologic ova with absent 
or defective embryos, another 32 were embryos with localized anomalies, and the 
remaining 96 presented abnormal placentas. Both these !arge early series were 
interpreted as indicating the importance of "ovular factors" in the occurrence of 
spontaneous abortion. JAVERT found 34.9% of his series of 2000 abortuses tobe 
developmentally abnormal. The relative frequency of fetal anomalies in these 
and other reports on the subject is much greater than that observed in intentional 
and accidental interruptions of gestation andin viable births (BAYER). 

What mechanisms might link maldevelopment of the fetus and foreshortening of 
his intrauterine life ? Fetal death, from whatever cause (including developmental ab
normality) is commonly followed by expulsion of the ovisac, yet many abortions are 
not preceded by death of the embryo-fetus. Fetal anomalies may be regarded as 
stigmata indicative of abnormal gestation, other sequelae of which may precipitate 
the abortion, rather than the latter event resulting from the fetal or embryonie ab
normality, as JAVERT, HERTIG and others seem to imply. Too often it has been assumed 
that the concurrence of malformation and abortion of a conceptus indicates that the 
malformation gave rise to the abortion. In his discussion of the association of fetal 
anomalies and abortion, JA VERT states: ''When o bvious external or internal fetal mal
formations are found, it is not too difficult to conclude that they were responsible 
for the abortion". He then lists the anomalies presented by 20 such specimens, all of 
which lesions (such as ankylosis of the wrists, bilateral cysts of the neck, volvulus of 
the ileum) have been seen in viable, even term births! Perhaps the relationship of the 
malformation and the abortion is not one of cause and effect, but rather of sharing a 
common cause. 

Early efforts to study normal human embryogenesis as represented in naturally 
aborted products of conception were soon recognized to be misdirected, and embryo
logists wisely turned to specimens obtained from therapeutic and accidental inter
ruptions of pregnancy. Unfortunately, the abnormal specimens which are aborted 
spontaneously are rarely considered from the point of view of mechanisms, and 
especially that of teratogenesis. When the state of preservation of such specimens is 
satisfactory, their detailed examination is necessarily apart of any investigation of 
pathogenesis of fetal wastage, and is essential for an understanding of the effects of 
physical or microbial agents, drugs, and genes. 

WARBURTON and FRASER have discussed the known and suspected roles of genetic 
factors and abortion, some of which, if they do act, may also be associated with mal-
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formations ofthe conceptus-embryo andjor placenta. Similarly, the errors of chromo
somal distribution and morphology which are related to abortion may be accompanied 
by malformations (See above for discussion). 

Few data ar e recorded relevant to the possible relationships of environmental 
teratogensandhuman abortions. Observations in mammalian species other than 
Homo sapiens,and limited data from humans, have led to several generalizations 
which seem to be valid, and pertinent to this discussion. Chief among these is 
the association of a spectrum of darnage with the action of a teratogen. Exposure 
to agents known to induce malformations in a species or strain of animals is follow
ed by increased incidence of abortion, affecting even those progeny not overtly 
malformed. Whether and how often "spontaneous abortions" are the clinical 
results of such phenomena arenot known. Similarly, there are few data bearing 
on the question of whether interference, usually mechanical, with the purpose of 
inducing an abortion, increases the probability of subsequent maldevelopment in 
a conceptus which survives such an attempt (WHITEHOUSE and McKEOWN). 

The accessibility of abortifacient and abortionist is such that induced abortions 
are very common, as has been indicated above. Certainly, not all attempted 
abortions are successful, even when the operator is an experienced professional. 
Failed efforts may, nonetheless, disturb the fetus, placenta, andfor decidual 
circulation. For obvious reasons, valid data relevant to these effects are extremely 
difficult to obtain. However, the results of such local disturbances might be similar 
to those accompanying threatened abortions. According to TURNBULL and WAL
KER, fetal malformations are more common among births, whether viable or not, 
which occur some time after threatened abortion, i.e. bleeding during early 
pregnancy attributable to vascular darnage at the placental site. The same sort 
of local vascular lesions might be produced by unsuccessful mechanical efforts to 
interfere with the progress of gestation. 

TmERSCH was the first to exploit folate deficiency of the conceptus when he 
induced abortion by treating the gravida with the antifolic compound, 4-amino
pteroylglutamic acid (Aminopterin®). Two series of twelve patients each received 
this substance for the purpose of abortion. Three of the first series failed to abort; 
one of these three was delivered 17 days later of a severely malformed fetus, with 
meningoencephalocele and facial anomalies. One of the second series also produced 
an exencephalic monster at 34 weeks' gestation, having failed to abort when 
treated with Aminopterin from the seventeenth to the twentieth days of preg
nancy. The same agent has been used for illicit abortions; on several occasions 
failure to abort has been followed by the birth of anomalous children (WARKANY, 
THIERSCH). Undoubtedly the maldevelopment and the expulsion of the conceptus 
were consequences of folic acid deficiency. The mechanisms of abortion may be 
similar to those which render folate deficient gravidas susceptible to abruptio 
placentae and upon which depend the therapeutic benefits of antifolics in cho
rionic tumors. Whether nutritional deficiencies which occur in the human gravida 
are severe enough to be abortigenic is uncertain (See JAVERT for his evidence on 
this point). Also, the validity of the usual assumption that teratogenic degrees 
of nutritional deficiency do not occur during human gestation bears review. 

Opinions differ concerning the relevance of placental anomalies, especially 
circumvallation, to abortion and premature birth (AGUERO; EARN; GooDALL; 
MoRGAN; PAALMEN and VANDER VEER; JANOVSKI; PINKERTON; ScoTT; ToRPIN, 
inter alia). The link between circumvallation and abortion may be the increased 
risk of decidual hemorrhage and placental detachment associated with placentas 
of this configuration. Furthermore, the factors which led to the anomalous form, 
whether they be local endometrial disturbances or, perhaps, even intrinsic ovular 
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abnormalities of whatever origin, may also precipitate the premature expulsion 
of the conceptus, as has been postulated in the section dealing with embryonie
fetal anomalies and abortion. Since the placenta participates in the union of 
ovum to endometrium, it is easier to visualize that structural abnormalities of 
the placenta might influence the stability of its attachment, than that anomalies 
of the relatively remote and isolated fetus might have such consequences (TILAK}. 

Malformations of the umbilical cord and its insertionarealso associated with in
creased hazards of abortion. In studies on consecutive spontaneous abortions, 
JA VERT and BARTON found 35% of those with well preserved um bilical cords had 
cord abnormalities, in comparison to 4.8% of their control series of unintentional 
abortions. This incidence was greater than that of abnormal fetuses, 35% as 
compared to 24%, in the same series of spontaneous abortions. Furthermore, 
56% of the pathologic fetuses had abnormal cords, a large increase over the 6% 
of the normal fetuses with cord lesions. A representative case is shown in Fig. 254. 

Fig. 254. Spontaneous abortion specimen with intense spiraling of the umbilical cord and adhesions to hands. 
Note also the abnormal head and cleft palate. The placental surface shows incipient subchorionic hematoma 

formation (Breus). 

HATHOUT found one umbilical artery to be present in 6.9% of abortuses (less than 
28 weeks' gestation) in which cords could be recognized ; 3 of his 9 cases of absence 
of one umbilical artery were without other anomalies. However, as has been dis
cussed in the section on chromosomal abnormalities, the placental structure might 
have harbored significant anomalies, more directly relevant to the mechanism of 
abortion (see Fig. 251). BRODY suggests that anomalous insertion of the umbilical 
cord may impede fetal circulation and nutrition, thus leading to premature Iabors. 

Isoimmunization and Abortion. 

There has long been statistical evidence that blood group incompatibility may 
be responsible for some spontaneous and for rare instances of habitual abortions. 
The strongest evidence is in the ABO system of erythrocyte antigens. LEVINE first 



Isoimmunization 413 

commented on the relative deficiency of children of Blood Group A among pro
geny of Group 0 mothers and Group A fathers, suggesting that this might result 
from selective diminution of fertility andfor from increased rate of abortion. 
McNEIL, MATSUNAGA, REED, GRUBB, SJOSTEDT and their colleagues corroborated 
LEVINE's observations and established that abortion is a major factor in the dis
proportionate distribution of blood groups among offspring. Fewer data seem to 
indicate that the same increased frequency of abortion may occur in the presence 
of other blood group incompatibilities of gravida and fetus. Furthermore, some 
of the differential fertility among matings of individuals of particular blood groups, 
such as have been discussed by REED, McNEIL, and others, may sometimes 
represent inapparent early abortions, as the conceptus is destroyed by immune 
reactions of the gravida. LEVINE has reported habitual abortion in women with 
antiboilies to the rare erythrocyte antigen Tja. 

WREN and Vos found hemolysins in sera ofincompatibly mated aborters more often 
than in sera of "compatible" aborters, 82% as cornpared to 40%. However, they 
found no relationship to the secretor status of the couple. The hernolysins were active 
both within and not within the ABO blood group systern. The relationship, if any 
exists, of the unusual hernolysin which LEVINE found in sera of aborters from the city 
ofPerth, Australia, and these observations is unknown. The latter activity was demon
strated in sera from 89.2% of aborting women who lived in that city, but was not 
found in any of rnore than 100 women with sirnilar clinical histories, who resided in 
other cities, principally in the United States. The active substance hemolysed ery
throcytes of group 0 individuals; it did not have the characteristics of an enzyme or 
antibody. 

Although the pathogenesis of these abortians is unknown, it is interesting to 
speculate that pregnancy is terminated when the genetically determined antigen 
appears in the conceptus, as a result of its interaction with antibody transferred 
from the maternal to the embryonie or fetal circulation. WREN and Vos suggest 
that fetal tissues be studied for evidence of hemolytic activity andfor cellular 
destruction as part of the reason for relative deficiency of offspring of particular 
blood groups from certain matings which should give origin to children of those 
blood groups. EBERT's studies of the time table of appearance of antigens in the 
chick embryo suggest that maternal antiboilies which do not "quarrel" with 
constituents of the primitive zygote may become lethal when the appropriate 
antigen, whether blood group substance or other tissue antigen, is first formed 
during embryogenesis. 

It would also be interesting to characterize specific embryonie tissue components 
chemically, and test antigenicity as compared with the homologous constituents 
of mature tissues. For instance, embryonie hemoglobin can be differentiated anti
genically from fetal and from adult hemoglobin. Perhaps abortion may sometimes 
result from maternal sensitization against this particular molecular species. A few 
data have appeared which indicate that pregnancy wastage may be increased in 
the presence of type specific antileukocyte antiboilies in the circulation of the 
gravida (vAN Roon et al.; JENSEN}. 

Although different investigators disagree on the significance of Rh-incompatibility 
and of anti-Rh immunization in abortion and habitual abortion, most recent data 
indicate that these phenomena are of little or no importance in early pregnancy 
failures. However, in rare cases of anti-Rh sensitization, the fetal hemolytic anemia 
is lethal as early as l8weeks' gestation, resulting in middle trimester abortion. Of 
course, the pathogenesis and morbid anatomy of these abortians recapitulate, 
in miniature, the features of the same disease in later fetallife (RACE and SANG ER}. 
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lnfections and Abortions. 

Bacterial infections of the previable conceptus may have the same pathogenesis 
as infections later in gestation (See Chapter IX, Infections). Hematogenous disse
mination of pathogens to the uterus from extragenital sites of infection in the 
gravida may result in fetal death andfor abortion or premature labor (Fig. 255). 
Although ascent of bacterial infection from the lower genital tract also occurs, 
chorioamnionitis is a lesion of the middle trimester, rarely occurring earlier in 
gestation. Thus the other portals of entry become relatively more important, 
and the clinical signs more varied. 

Perhaps the absence of inflammation of the fetal membranes in spontaneous 
early abortion is yet another indication that most intrauterine infections occur 
by ascent from the lower genital tract (See also Chapter IX, Infections). Conditions 
which predispose to such infections indicate that contiguity of chorionic tissues to 
the internal cervical os or instrumentation with direct invasion of such tissues is 

Fig. 255. Viiions and intervillous abscess i n abortus expelled during matemal septicemia. (H & lE x 20). 

necessary for the production of chorionitis. The increased frequency of infections 
of placentas previa and of the leading twin ovisac attest to this. Such spontaneous 
infection of membranes of the normally implanted placenta cannot occur until 
the young chorionic vesicle incorporates the endometrium contiguous to the endo
cervix into its own expanding shell. Physical separation from the source of in
fection would then be protective until 12 weeks' gestation. Too few data are 
available on early abortions whose sites of implantation are known to test this 
hypothesis. However, the studies of HERTIG and JAVERT led these workers to 
conclude that low implantation predisposes to spontaneous abortion. The isthmus, 
that zone which separates the anatomical and the histological internal cervical 
ostia, l engthens in the first trimester, then shortens between 12 and 16 weeks 
(REm). These changes may at first protect the normally implanted ovisac from 
bacterial invasion from the cervix. Then the expansion of the sphere and the 
simultaneous diminution in the isthmus may place the membranes ever nearer 
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the source of potential infection. ToRPIN's method of examination of the expelled 
ovisac, while the latter is immersed in fluid, would be helpful in evaluating these 
relationships. Other factors which must be taken into account in a consideration 
of the pathogenesis of "spontaneous" septic abortion comprise the available 
micro-organisms, local hygiene, and underlying immunological and endocrinological 
phenomena. No doubt the many instances of chorioamnionitis which present as 
abortians at 16 to 20 weeks' gestation, share mechanisms with those associated 
with premature Iabor at 20 to 30 weeks (See Chapter IX, and Table III ofthat 
Chapter, for relevant data and discussion). 

The bacteria which may be implicated in intrauterine infections and eventuate 
in abortion comprise those discussed in Chapter IX. However, whether the relative 
importance of the array of potential pathogens is the same at various gestational 
maturities is not clear. For instance, syphilis is not currently regarded as a cause 
of previable fetal wastage (DIPPEL). On the other hand, Vibrio fetus, which rarely 
infects humans, has been implicated in a few instances of intrauterine infection, 
with abortion or congenital disease ofthe infant, often a premature (KING, CURTIS, 
Hoon and Tonn, VINZENT). Pleuropneumonia-like organisms, rarely demonstrated 
to cause human genital infections or perinatal disease, have been observed in 
products of a series of abortians of one patient, who then bore a healthy child 
after antimicrobial eradication of these bacteria from the cervix and vagina. 

The importance of Listeria monocytogenes as a cause of abortion and of habitual 
abortion is difficult to assess (GRAY, SEELIGER andCHERRY, FLAMM, RosT, Hoon, 
BRET and VALENTIN, ÜEHLSCHLAGER, LAWLER). According to RAPPAPORT and his 
colleagues, this organism was a major offender among a series of habitual aborters 
studied serologically and by cervical cultures, in Israel. However, RABAU and 
DAVID were unable to reproduce theEe results in similar studies of aborters, also 
from Israel. Other studies, seeking these correlations, have also had negative 
results (See RuFFOLO et al. from Rochester, Minnesota, MAcNAUGHTON from 
Aberdeen, Scotland). 

Valuable data on the bacteriologic findings in association with abortion~, 
whether induced or spontaneous, have been published by BROWN and HUNT, 
ÜARTER et al., CHossoN and RuF, and DuMONT and LAFOND. Many of the women 
from whom pathogens were recovered were without clinical evidence of infection. 
DuMONT and LAFOND's study is especially interesting in that bacteria were 
isolated from placental debris in only 9.37% of 64 cases studied, although most 
of the abortians had been induced. The authors suggested that these results 
reflected the great antibiotic sensitivity of the organisms which had produced 
the postabortal infections in most cases. BuTLER advised the examination of 
cervical smears to permit the rapid diagnosis of severe Clostridial infections 
following abortions. The published reports on the occurrence of particular or
ganisms in aborting women andfor their products may give a distorted impression 
of the relative frequency of such organisms. Data from unselected case material 
have not appeared. 

According to GoonNo et al. 34% of patients hospitalized because of abortion, 
i.e. termination of pregnancy prior to 20 weeks' gestation, were infected, as judged 
clinically. They assumed that all instances of septic abortion followed interference 
with the pregnancies. In light of the mechanisms discussed above andin Chap
ter IX, the validity of the latter assumption can be questioned. The morphologic 
features of septic, induced abortians may recapitulate those seen with "spon
taneous" ascending infections. However, acute villous placentitis and severe de
ciduitis are frequent when abortion follows illicit instrumentation of the gravid 
uterus. STUDDIFORD and DouGLAS described an additional and significant feature 
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of the septic abortus which they designated "placental bacteremia". The villous 
capillaries of such placentas contain masses of bacteria, usually bacilli (Fig. 256). 
The lesions constitute sources of bacterial endotoxin, and hence are important in 
the pathogenesis of "septic shock", a grave, sometimes lethal, complication of 
infected abortians (UnoHOJI et al.). 

Fig. 256. Masses of coliform bacilli within villous caplllaries. Septic, induced abort.ion. (H & E x 160). 

ÜURTIS encountered several instances of recurrent reproductive wastage as
sociated with focal extragenital infections; successful pregnancies followed eradi
cation of the foci; corroboration was sought in animal experimentation. Such 
observations are supported and mechanisms suggested by the work of ZAHL and 
BJERKNES, TAKEDA and TsucHIYA, RIEDERand THOMAS, and THIERSCH, who 
induced decidual hemorrhage and interrupted pregnancies by injecting bacterial 
endotoxins intravenously in rats, mice, and rabbits. The relevance of such findings 
to the decidual hemorrhage so characteristic of early human abortians is untested. 
THIERSCH related his findings to those of KASS and coworkers, who demonstrated 
that inapparent urinary tract infections, usually caused by gram negative bacilli, 
are associated with increased hazards of premature delivery, yet the conceptus is 
not infected. 

The veterinary Iiterature contains many references to abortians in various species 
of animals, which could be traced to intrauterine, usually bacterial, infections (BARNER, 
FENNESTAD, ßORG·PETERSEN, MAHAFFEY, PAULSEN, MOLLELO, YOUNG, and their co
workers, inter alia). However, many such occurrences take place later in gestation, 
although prior to gestational maturity, and areanalogaus to, or even pathogenetically 
identical with, human perinatal infections (See Chapter IX, lnfections, for other 
relevant material). 

Although specific viral infection of the conceptus has rarely been documented 
as causing abortion, no systematic virologic survey of aborted products has been 
reported. Most studies on the role of viruses in pregnancy ha ve focused on questions 
of teratogenicity. However, it is not surprising that the viruses which have been 
implicated in congenital infections of viable births have also been found in pro
ducts of late abortion, recapitulating disease of the older fetus. For example, 
KILLPACK described fetal vaccinia in an abortus at 18 weeks' gestation. Polio
myelitis virus has been isolated from an abortus expelled during the acute phase 
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of the disease in the gravida (ScHAEFFER). The histopathologie features of the 
speeimen were not deseribed. GoRONOV and GANCEV report two cytomegalovirus
induced abortions, whieh were diagnosed on histologie grounds, without virologie 
eonfumation. "Inelusion bodies" were seen in the endometrial eells in one of 
these and in trophoblast of the other. We have seen similar "bodies" in endo
metrial glandular epithelia of oeeasional early abortions, without any eoneurrent 
histologie abnormalities of the eoneeptus. Somewhat similar nuclear ehanges are 
seen in normal hyperseeretory endometria assoeiated with normal pregnaney. 
The inelusions in the trophoblastie nuclei are strongly suggestive of viral infeetion 
and resemble the nearly pathognomonie struetures assoeiated with doeumented 
eongenital eytomegalovirus disease. Virologieal eonfirmation of the presenee and 
nature of the infeeting agent in this unusual abortus would have been most 
valuable. 

Indirect statistieal evidenee of the abortifaeient effeet of rubella is obtained 
from surveys of pregnaneies eomplieated by this infeetion. As is generally true 
in respeet to environmental teratogens, gestational rubella is assoeiated with in
ereased pregnaney wastage, ineluding abortions, as weil as the overt rubella 
embryopathies. Moreover, in a few instances the virus has been isolated from 
produets of "spontaneous" abortion in the wake ofrubella (SELZER, .ALFORD et al). 
In view of the diffuse ehorionie vaseulitis as weil as the vaseular darnage evident 
in embryonie tissues from whieh the virus has been isolated, the meehanism of 
abortion may be that of a devastating ovipathy, affeeting embryo and plaeenta 
(DRISCOLL). 

Toxoplasmosis and Abortion. 

There has been eonsiderable differenee of opinion regarding the importanee of 
toxoplasmosis of the gravida and her suseeptibility to abortion, espeeially "habi
tual" abortion. GARD, quoted by MELLGREN et al., isolated the organism from 
half of an abortus, while the other half, studied histologieally, gave no sign of 
speeifie etiology. Toxoplasma gondii rarely, if ever, produees eongenital disease in 
more than one ehild born to an individual mother. This is usually regarded as 
evidenee of primary intragestational infeetion of the gravida, with hematogenous 
spread to the conceptus, as has been discussed in Chapter IX, Infections. Yet, 
chronic infeetions in experimental animals are often assoeiated with the birth of 
suceessive infected litters (REMINGTON). Furthermore, the parasite has been re
eovered from myometria of asymptomatic women with low antibody titers, 
eompatible with ehronic infeetions (REMINGTON). These Observations strongly 
suggest that reeurrent intrauterine toxoplasmosis is a possibility in the human, 
and may be responsible for rare recurrent abortions. LANGER and GEISSLER, 
WERNER, MELLGREN et al. and REMINGTON have supplied evidence to support 
this hypothesis. LANGERandhis eolleagues isolated the parasite from a variety of 
tissue samples and fluids from 23 habitual aborters, whose serologieal dye test 
titers suggested ehronie toxoplasmosis. Moreover, the organism was demonstrated 
in fetal brain from two sueeessive abortuses of one patient, and from one abortus 
and the subsequent menstrual blood samples whieh preeeded another abortion of 
a seeond patient. These findings were regarded as indicative of toxoplasmosis
induced repetitious abortions. WERNER and his group studied similar eases histo
logieally, and found the parasite in two separate abortuses of one patient. 
REMINGTON et al. report the isolation of Toxoplasma gondii from an abortus pro
dueed by a patient with a history of reeurrent prior abortions and an antibody 
titer commensurate with chronie toxoplasmosis. 
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The histopathological features of toxoplasmosis with abortion are not clear. 
Encysted parasites are easily recognized in placentas and adnexa associated with 
the disease in the older conceptus, and chronic villous and decidual inflammation 
are seen. Perhaps these are recapitulated when the infection induces abortion. 
However, the variable and relatively non-specific microscopic changes of early 
abortions are such that the etiology may be masked, especially when proliferative 
forms of the parasite are present. Exceptional diligence, or, more profitably, the 
use of immunofluorescent techniques may be required to identify the responsible 
agent in the inflamed tissues. Of course, parasitological methods are necessary to 
substantiate the specific etiologic diagnosis, with which the histopathological 
changes are associated. 

Morphology of Abortion 

The morphologic aspects of tissues obtained from spontaneous abortion and 
subsequent curettage "for completion" may often be disappointing. Most fre
quently a decidual cast is recovered, and nondescript residual tissue is curetted 
from the uterus. Examination of the fresh specimen is facilitated by immersion 
in saline solution. Often the shape of a cast is then indicative ofthat of the uterine 
cavity and the site of implantation can be deduced from identification of the 
cornual projections of decidua (ToRPIN}. Uterine malformation may first be sus
pected from such a gross examination and cervical or lower segment implantations 
may also be diagnosed (BERG MAN, HoLMES). A chorionic vesicle may be found and, 
if intact, may provide the data required to classify the abortus as a "Pathologie 
Ovum", as was done by MALL and MEYER, and with later modifications, by 
HERTIG. Such taxonomy is useful in that structurally normal embryo-fetus, 
amnion, and chorion can be separated from those with manifest abnormalities of 
these components. An approach is then possible to questions regarding the 
"primary" basis of the abortion. 

The size and state of preservation of the components of the abortus can be 
recorded, data of importance for estimation of the normality of embryonie-fetal 
growth and interval of retention of a dead cyema prior to its expulsion. Placental 
configuration, sites of insertion of cord and membranes, and structural anomalies 
of any member can be observed. The gross examination affords the only opportuni
ty for valid assessment of the "adequacy" of chorionic development and ultimate 
placental size, as well as an objective, nearly quantitative evaluation of the extent 
of decidual development, hemorrhage, and necrosis. Only by comparison of gross 
data from products aborted spontaneously and those recovered from therapeutic 
and incidental abortions can one resolve differences of opinion regarding the inter
pretation of these phenomena (RuTHERFORD, JAVERT, McCOMBS and CRAIG, 
GRUENWALD). Occasionally, gross vesicles are visible, indicating a greater degree 
of "hydatid change", than is usual in the abortus. Since such phenomena are 
regarded as significant in one of the major theses on the pathogenesis of hydatidi
form mole, they will be discussed in the following chapter. 

The "blighted ovum" constitutes one of the major morphologic types of abor
tus. The embryo is absent, minute, or autolysed, hence "blighted". The chorionic 
tissues show degenerative changes, compatible with subsequent or simultaneaus 
damage. Such an abortus has been observed among products of gestational rubella, 
others among chromosomally abnormal products of conception, indicating the 
pathogenetic heterogeneity of the "blighting". When the ovisac is recovered 
intact, valid information can be gained concerning the presence of an embryo and 
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an amnion (Fig. 257). Of course, absence of these structures cannot be interpreted 
when the sac is incomplete or has ruptured prior to examination. The later in 
gestation that the abortion takes place, the less likely it isthat a "blighted ovum" 
or even a macerated cyema will be found. 

The histologic aspects vary, often com
prising evidence of specific causation. 
However, many of the common first tri
mester abortians yield tissues in which 
villi are avascular, focally "hydropic", 
and the decidua presents the descriptive 
tetrad: thrombosis (of sinusoids), hemor
rhage (usually focal, occasionally exten
sive) , inflammation (polymorphonuclear 
leukocytic infiltration), and necrosis (recent 
and variable in extent). HUBER et al. re
ported that 40% of 90 "intact specimens" 
from abortians showed histologic evidence 
of "molar change", which they regarded 
as indicative of the beginnings of hydati
diform mole. The three features which led 
to this interpretation were: avascularity 
of villi, edema of villous stroma "\Vith ap
perance of cystic spaces, and proliferation 
of traphoblast to form more than two 
layers, excluding the normal proliferation 
at anchoring villi. THORBURN described 
the presence of sex chromatin in tropho
blastic nuclei of a 13 day human concep
tus; none was seen in the chorionic meso
derm and intraembryonie tissue of the 
specimen. PARK observed no sex chro
matin in human intraembryonie tissues 
until after the eighteenth day. THORBURN 
regards this sequence as compatible with 
the hypothesis that sex chromatin appears 
only after the first few cells of a particular 

anlage have differentiated; i. e. sequential , 

Fig. 257. Complete spontaneous abortion specimen, 
hemisected. In the amnionic cavity a macerated 
nodular embryo is seen attached to a very short 
umbilical cord. ltemnants of fetal vessels can be 
seenunder the amnion. Note that the amnion is 
(prematurely) closely applied to the chorionic sur
face, a frequent finding in complete abortion spe
cimens. The villous tissue is dark because of the 
intervillous stuffing with blood. This type of abor
tion has been mislabeled a "Breus mole" ; more 
correctly it has been named hematoma or carneous 
mole. It would have been most suitable for cyto-

genetic study. 

rather than simultaneous, "lyonization" of the cells of the developing zygote is sug
gested. It is often possible to identify "sex-chromatin" in the aborted tissues, 
especially the stromal cells of villi (Fig. 258). In view ofthe peculiarities of sex ratio 
among aborted products, and, indeed, among victims of a host of diseases at all ages, 
it is important to ascertain the sex of the conceptus as accurately as possible. As 
has been indicated previously, the late abortus shares many features, morphologic, 
pathogenetic, and etiologic, with the product of early premature Iabor, the differ
ences being mainly those of arbitrary clinical classification, based on gestational 
age, or "viability" (See chapters dealing with multiple gestation, particular 
diseases of the conceptus and of the gravida. For specific features of septic and 
"missed" abortions, and response of conceptus to intra-amniotic hypertonic 
saline infusions, see later sections oftbis chapter.)Except for instances of abnormal 
placental configuration and of unusually shaped decidual casts, the abortus from 
a malformed uterus presents no particular anatomic features. The latter is also 
true in most cases of abortion related to an incompetent internal cervical os, a 
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condition tobe diagnosed on clinical grounds (EASTERDAY andREm). However, 
some of the middle trimester abortions which are associated with cervical incompe-

' 
Fig. 258. Sex chromatin in villous stromal ccll of abortus (at arrow). Syncytial cell at l eft top. (H & E x 2000). 

tence yield placentas with severe deciduitis and chorioamnionitis, often demon
strably bacterial in etiology. Transorificial fetal infections may then ensue. 
(Fig. 259) . (See Chapter IX.) 

Fig. 259. Lung from fetus aborted following suturing of cervix. Massive aspiration of amniotic sac contents, in
cluding many polymorphonuclear leukocytes and amniotic debris, as a consequence of necrotizing chorio· 

amnionitis. (H & E x 160). 
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Trauma and Abortion 

HERTIG and SHELDON published a critical review and discussion of the role 
of external trauma in abortion. Abortion can be attributed to a specific trauma 
when two major conditions are met: (1) the conceptus can be shown to have been 
anatomically normal prior to the trauma; and (2) the events leading to the ex
pulsion of this normal ovum began within minutes to hours of the trauma. Among 
1000 abortions, only one was regarded as a valid instance of abortion resulting 
from trauma. Of course, direct trauma is a mechanism of inducing abortion, 
whether for therapeutic or illicit reasons. 

Miscellaneous other Types of Abortion 

Many reports have appeared concerning a large nurober and wide variety of other 
factors suspected ofhaving an etiologic relationship to spontaneaus abortion, especially 
repetitious abortions. Among these are endometrial abnormalities, such as chronic 
infections and inadequate responses to ovarian hormones, other endocrinopathies, 
vitamin deficiencies, other nutritional abnormalities, abnormal spermia, and psycho
logic factors. (See RoBINSON et al.; HuGHES et al.; LEVINE et al.; NoYES; JoEL; ScoTT; 
ABRAMSON and SAPHIRSTEIN; AARON et al., inter alia, for relevant reports). Few mor
phologic data have appeared relative to mechanisms which may be involved and 
effects of therapy. Often the studies have been uncritical, and empiric use of thera
peutic regimens has been recommended with enthusiasm not supported by valid data. 
Gestations complicated by a variety of maternal diseases are unusually susceptible 
to abortion, yet the immediate mechanisms may not be apparent. Even the hydramnios 
of the twin transfusion syndrome ( q.v.) may rarely eventuate in previable termination 
of the affected pregnancy. 

HERTIG has pointed out that the pathologic examination of the abortus omits one 
aspect of the problern which may sometimes be its most important aspect, the patholo
gic examination of the uterus. However, NoYES has expressed the opinion that the 
importance of abnormal endometrium in abortion has been overrated. HoLMES, BERG
MAN, LEVINE et al., inter alia, consider that congenital abnormalities of the uterus in 
which the conceptus becomes implanted increase the hazards of spontaneaus abortion. 
Malformed uteri and thin endometrium seem to be associated with abnormal placental 
configuration, such as multilobation and membranaus placentas, which may then 
enhance the risks of premature interruption of the gestation. However, abortions which 
result from uterine malformations probably refiect functional disturbances of the ab
normal uteri. Also, the abortions which are attributed to incompetence of the cervical 
os arenot usually associated with placentallesions (EASTERDAY andREm). Whether 
local infections, past or active, contribute to cervical incompetence, and whether pre
mature dilatation ofthe cervical os predisposes the placenta to membranaus placentitis 
have yet to be answered. 

The relevance of experimental studies in other species is yet to be demonstrated. 
For example, PouLSON et al. demonstrated hemorrhagic phenomena and interruption 
of pregnancies when 5-hydroxytryptumine or iproniazid was injected into mice. They 
suggested that these agents may also prevent implantation. More recently, STEINER 
et al. described placental necrosis in rats which aborted afterintraperitoneal injection 
of tetracycline. 

Threatened Abortion 

Threatened abortion, defined clinically as an episode ofpainless uterine bleeding 
sometimes accompanied by uterine contractions, is an exceedingly common event, 
affecting some 16% ofrecognized pregnancies (HERTIG). Ofthese, 60% proceed to 
spontaneaus abortions, while in the remainder, the pregnancy progresses to a later 
termination. As reported by HERTIG, the products which abort promptly comprise 
pathologic ova (50%), fetal deaths preceding the threat to abort (20%), and fetuses 
which were alive at the onset of vaginal bleeding (the remaining 30%)- Obviously, 
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therefore, not all of these abortians have a common pathogenesis, yet all present 
clinical evidence of vaginal bleeding, indicating decidual necrosis and hemorrhage. 
RuTHERFORD studied decidual biopsies from 100 consecutive cases of vaginal 
bleeding during the first four months of pregnancy, with and without cramps. 
None appeared to be disturbed by the biopsy procedure. Decidual hemorrhage 
and necrosis were found in all instances, varying in extent. Of these patients, who 
constituted 4% of the prenatal clinical population, only 25% proceeded to fetal 
viability following the clinical bleeding episode. JAVERT and GRUENWALD also 
stress the importance of necrosis and bleeding of the decidua in the pathogenesis 
of many spontaneaus abortions. On the other hand, McCoMBS and ÜRAIG claim 
that decidual necrosis is a physiological process, occurring during all gestations. 
No doubt these differences of interpretation can be resolved by consideration of 
both the extent and the site of the decidual "damage". 

WALKER et al. have pointed out that threatened abortion isafrequent antece
dent of other overt obstetrical abnormalities, among those gestations which are 
not aborted at the time that the "threat" is observed. They reported increased 
hazards of premature labor, fetal abnormalities, fetal and neonatal deaths, and 
abruptio placentae in this group. The same phenomena have been discussed by 
HOLLSTEIN. WALKER and his colleagues emphasized the wisdom of heeding the 
warning of threatened abortion, as an indication for special care for the gravida, 
including elective early delivery. According to these observers, threatened 
abortion is an external evidence of abnormal placentation; therefore, it is frequent
ly correlated with later manifestations of placental failure. Again, the assumed 
cause and effect relationship is not proved, and a common cause of the two is an 
equally tenable interpretation. A systematic study of the products of pregnancies 
complicated by "failure" of threatened abortion might shed some light on this. 

"Habitual" Abortion 

The prevalence of factors which interfere with the normal fulfilment of the 
promise of each human conception has already been discussed. Against this 
background of deleterious infiuences, a small portion of matings experiences 
additional risks of recurrent pregnancy wastage, so-called habitual abortion. In 
view of the spectrum of prenatal damages which can be produced by single etiolo
gic agents, and the arbitrary and artificial separation of data on "abortion" from 
those on perinatal deaths and the residual defects from prenatal damage, it seems 
more useful to discuss recurrent total pregngncy u·astage. Certain infections, 
maternal isoimmunization, chronic maternal vascular diseases, and diabetes 
mellitus, among other abnormal states, are refiected in repeated fetal disasters, 
at various gestational maturities. Abortions in the absence of such matemal 
disorders may also recur, sometimes in consecutive pregnancies. 

HERTIG estimates that habitual abortians account for some 0.4% of all 
pregnancy outcomes, i. e. about 4% of abortians represent habitual abortion. 
WARBURTON and FRASER estimated risks that a given gestation would end as a 
spontane us abortion as follows: 20% after one abortion, 23% after two, and 26% 
after three abortions, an effect independent of advancing matemal age. Most data 
estimate that approximately 20% of patients who have aborted twice will abort 
again at the next pregnancy (TIETZE, RucKER, WARBURTON and FRASER; SPEERT). 

MALPAS interpreted statistical data on sequential abortians as indicating the 
infiuence of recurrent similar causes within the sequence. HERTIG and his co
workers have emphasized that the products of recurrent abortians demonstrate 
similar abnormalities. A series of 14 patients, each of whom had aborted twice, 



"Missed" Abortion 423 

seemed to have done so because of the same or similar factors on both occaf>ions 
(HERTIG and LIVINGSTONE). WALL and HERTIG studied 100 cases of habitual 
abortion and compared them with 1000 spontaneous abortions examined previous
ly. Fifty-eight of the repetitive cases were ascribed to the same etiology, 43 being 
classified as due to ovular abnormalities and 15 to maternal factors. While the 
distribution of causes was generally similar in the "repeaters" and the series of 
1000 abortions, the habitual abortions included fewer pathologic ova, fetal abnor
malities, and placental anomalies, and slightly more maternal abnormalities. 

Although the morphologic features have come under &tudy, few data are 
available concerning questions of recurrent immune phenomena, repetition of 
chromosomal errors, and possible metabolic disorders of the conceptus, in recurrent 
previable pregnancy wastage. Once more there is the question of applicability of 
observations in experimental animals to human experiences. Suggestive findings 
include those of CoHEN and NEDZEL, who induced abortions in guinea pigs by 
injections of rabbit anti&era to guinea pig placental proteins. The associated 
histological findings in the placentas were similar to those seen in many spontane
ous human abortions. The blood sera of women known to have aborted "habitu
ally" also gave positive precipitin reactions with "proteins" prepared from full 
term human placentas, recapitulating in vitro the phenomena observed in the 
experiments. BARDAWIL and coworkers have used the skin graft as a system in 
which to test the role of immune reactions in habitual abortion (See Chapters VI 
and XIII). 

Diagnostic studies have included a wide range of procedures, based on a host 
of hypotheses and, scattered, often unsystematic data. Therapies have been just 
as varied. Among studies of interest are those of ASPLUND (comprehensive exa
minations of 49 patients in the non-pregnant state), LEVINE et al. (emphasis on 
status of uterus, anomalies, endometrial glycogen; 56 cases, non-pregnant) J ÖEL 
(5.8% of 170 husbands of a habitual aborters had pathological spermia; 11 of 48 
men whose wives aborted three or more times had significantly decreased deoxyri
bose nucleic acid content of semen), GREENBLATT (vitamin C and P given to 
decrease abnormally increased capillary fragility), and JAVERT (q.v.). KLOPPER 
and MAcDoNALD have disagreed on the importance of progestogens in manage
ment of recurrent abortion. Such controversy seems fruitless, in view of the 
obvious heterogeneity of phenomena which contribute to the pregnancy wastage 
which we call "abortion". 

"Missed" Abortion 
"Missed" abortion is a curious phenomenon which may also be attributable 

to multiple and varied causes. Clinically, such a diagnosis is made when the death 
of the conceptus antedates its expulsion by at least eight weeks. Is it valid to 
assume that the "abortion" may have one etiology, and the failure of expulsion 
of the products, another? Normally, the ovisac separates from the uterus by 
hemorrhagic cleavage within the decidua, and is expelled by the contracting uterus. 
This mechanism fails in missed abortion, either because of abnormal implantation, 
i. e. attachment of the trophoblast to the myometrium, abnormal preservation 
of the decidua, suppression of myometrial activity, or combinations of these 
factors. Examination of the tissues which are ultimately recovered rarely clarifies 
the question of mechanism. However, in a few instances in which the pregnancy 
wastage could be attributed to a specific etiology, fetal disease, notably erythro
blastosis fetalis, has been present. Such a disorder may be less likely to disturb 
the attachment of the ovisac to the uterus. In cases of fetal death due to cord 
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obstruction, one might expect a similar tendency to missed abortion, unless the 
endocrinopathy of erythroblastosis fetalis is also a factor in the associated missed 
abortions. Abortuses which are expelled by gravidas who have been treated with 
estrogen and progestin from early in gestation have almost always been retained 
for many days or weeks before expulsion, and preservation of the decidua is 
exceptionally good. FISHER reviewed 30 cases of missed abortion, and found none 
of the affected gravidas to have experienced the same phenomenon in a previo111s 
or a subsequent pregnancy. 

BENGTSSON has presented cogent evidence in support of his concept of the 
etiology and pathogenesis of missed abortion, based on studies of CsAPO, ÜASSMER, 
andin bis own laboratory. According to these workers, missed abortion occurs only 
in instances of fetal death with maintenance of placental function. Initially, be
cause of a sharp diminution of estrogen following fetal death (CASSMER), the 
myometrium is progesterone dominated and incapable of effective contraction. 
Later, with placental failure, progesterone is removed, and the myometrium is 
"castrated" and unresponsive to stimulation. BENGTSSON recommends therapy 
appropriate to the myometrial state, the latter reflecting the viability or non
viability of fetus and placenta. CsAPo also ascribes defense mechanisms of preg
nancy to the placental progesterone . The mode of action of intra-amniotic hyper
tonic injections in aborting a normal conceptus is seen as that of removal of this 
protective agent, by destroying placental function (See Therapeutic Abortion for 
further discussion of divergent views and observations on this mechanism). 

The morphologic features of "missed abortions" vary, depending, in part, on 
the gestational age at which the progress of pregnancy was interrupted and the 
cause of its interruption, on the time interval prior to expulsion or removal of the 
specimen, and on unknown factors. Often the placental changes recapitulate those 
seen after retention of the older fetus for weeks after its demise, which have been 
described previously (See Chapter VIII, Circulatory Disorders). In other instances, 
dry, firm, grossly amorphous tissues are recovered, which may contain calcific 
deposits. Fibrin encasement of villi and chronic inflammation may be evident 
microscopically (Fig. 260a, 260b). Whether such phenomena are ofimmunologic 

Fig. 260. Villous tissue from a missed abortion, curetted at 16 weeks' gestation. The avascular and atrophic villi 
are embedded in fibrin and infiltrated by plasma cells. a) H & E x 160), b) H & E x 400). 

significance, in terms of altered matemal reactivity to substances in the regressing 
placenta, membranes, or even the degenerating fetal tissues is unknown. Breus' 
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mole constitutes another morphologic expression of "missed abortion". In a 
sense, hydatidiform moles ( q. v.) and transitions from blighted ova to such "moles" 
may also be considered in this general category. 

Breus' mole 

In 1892 BREUS described the condition of "subchorial tuberous hematoma 
of the decidua", a morphologic variant of missed abortion to which the appellation 
"Breus' mole" is now given. The paucity of reports relevant to this lesion is not 
a valid indicator of its incidence, but merely a reflection of the widespread dis
interest in the morbid anatomy of abortion. 

Typically, the abortus, whether obtained surgically or expelled spontaneously, 
comprises a small eherionie vesicle, surrounded by nodular masses of blood clot, 
placenta, and decidua (Figs. 152, 153). Usually an autolyzed embryo, a few 
millimeters to one or two centimeters in length, and often malformed, lies within 
the sac, attached to the chorion by a fragile, degenerate cord. The smooth mem
branous lining of the vesicle covers multiple hemorrhagic masses of various sizes, 
whieh bulge into and distort the eherionie eavity (Fig. 261). Amniotie fluid varies 

Fig. 261. Breus' mole. N odular thrombus occupies diverticulum-like subchorionic region of intervillous space. 
(H & Ex 40). 

in volume and eharaeter. Transeetions of the nodules reveal thrombi within the 
subchorionie intervillous space, and varying in appearanee from brown Iamina
tions to homogenous, darkred eoagula. Dry, pale, firm placental tissue separates 
these from the decidual surface, at whieh cleavage from the uterus took place. 

The eharaeteristic elinieal history in eases of Breus' mole is that of amenorrhea, 
at first accompanied by other signs of early pregnaney, followed by cessation of 
uterine growth and retention of the eonceptus for months thereafter, then vaginal 
bleeding and expulsion of the "mole". BREUS' eited intervals of amenorrhea of 
five to eleven months in hisoriginal group of five cases. 

Why does a Breus' mole develop ? The appearance of the hematomas and the 
variations in degree and extent of their formation in different specimens indicate that 
they follow rather than antedate the embryonie death. Whether the deaths of embryos 
and fetuses which occur in cases of Breus' mole are attributable to the same host of 
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causes as those which do not evolve into such "moles" is unknown. However, there is 
no reason to expect that all Breus' moles are initiated by the same specific lethal 
insult to the associated embryos or fetuses. Some of the mechanisms suggested as 
bases for Breus' mole include excessive growth of surviving chorion afterembryonie 
death, hydramnios, endometrial vascular abnormalities, and excessively deep implan· 
tation (TORPIN; LINTHWAITE; THOMAS; VON DER AHE). Much of the discussion of 
missed abortion is relevant to this subject, as weiL The sizes and distribution of the 
tuberous hematomas is compatible with limits placed by planes of attachment of 
decidua and chorionic septa. Perhaps the hematomas follow decidual bleeding which 
cannot dissect and detach a chorion grown adherent to the uterine wall. The sub
chorionic hematomas would then constitute concealed sites of hemorrhage, sealed off 
by fibrin deposition and fibrosis. (For additional discussion of Breus' mole, see Chap
ter VI.) 

"Therapeutic" Abortion 
Numerous methods have been employed for the purpose of legitimate, legal and 

controlled interruptions of pregnancies. Curettage continues to be the most effective, 
simplest, and safest means used during the first 10 or 12 weeks. Later terminations 
have been carried out by vaginal or abdominal hysterotomy or by the local intro
duction of abortifacients. Some of the latter methods have also proved useful in 
terminating the state of "missed abortion" and in inducing delivery following fetal 
death, at greater gestational maturities, e.g. in association with severe erythroblastosis 
fetalis. 

WEILERSTEIN reviewed the use of intrauterine pastes as abortifacients, citing a 50% 
success rate of the method. These substances, whose main ingredient was soft soap, 
were inserted transvaginally, just inside the internal cervical os, and promoted ex
tensive necrosis of tissues. WILLIAMS et al. later reported 32 cases so treated, with 
9 complete abortions, 18 instances in which the fetus was passed but the placenta 
retained, 5 failures, and 2 severe complications. According to their own experience 
and reports available to these authors, both local and systemic complications were 
frequent (Fig. 262). They comprised: local inflammation and its sequelae, bleeding, 
hemolysis, pulmonary embolism, and septicemia. FouRAORE-BARNS described an 
80% success rate with extra-ovular transcervical instillation of soft soap pastes for 
the purpose of abortion at gestations of 16 weeks or less. Controlled skilled surgical 
methods are obviously preferable to these unreliable and dangeraus procedures. 
However, in recent years abortion by amniocentesis followed by intra-amniotic in
fusion of hypertonic fluids, such as 50% glucose or 20% sodium chloride solution, 
has become a commonplace, effective, and usually a safe procedure. 

In 1935 BoERO described transabdominal intra-amniotic instillation of concentrated 
formaldehyde solutions for the purpose of interruption of pregnancy at the age of 
fetal viability. According to SvANE, ABUREL reported the transabdominal replacement 
of amniotic fluid by sodium chloride solutions as early as 1938. During a study of 
amniography, utilizing "uroselectan B" (iodoxylan) as contrast medium, BuRKE noted 
that Iabor began fairly consistently after the procedure. This observation was ex
ploited by the same investigator, who induced Iabor in 27 patients, nine at 36 to 40 
weeks, and the remainder at term or postmature gestational ages. Subsequent to its 
successful and apparently safe use in late gestation, the same procedure was utilized 
to effect abortion in five patients at gestations of 18 to 28 weeks, and without compli
cations. PLAYFAIR enjoyed similar success with this means of inducing Iabor at or 
near term, again with live and surviving fetuses. An interesting observation of BuRKE's 
suggests that, at least in the case of "uroselectan" inductions, the effects are mediated 
locally. The material was injected into one of twin amniotic sacs; the labor, which 
began five hours later, at first involved only that half of the uterus containing the in
jected sac. 

Later ABUREL and his coworkers introduced 20 to 35% sodium chloride solutions 
between the fetal membranes and the lower uterine segment, to effect delivery within 
an average of 20 hours in 30 of 31 patients in whom the method was tried. SvANE 
also injected 20% sodium chloride solution extraovularly, via a catheter introduced 
transcervically, so that the tip lay just inside the internal os. This procedure, used in 
100 patients at eight to 21 weeks' gestation, produced abortion within one to two 
days of a single instillation in 80 cases. There were four failures, one serious complica
tion (central rupture of the cervix), and the remainder required more than one treat
ment to produce the desired result. 

In 1958, EROSSET described the induction of therapeutic abortions by means of 
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intra-amniotic injection of hypertonic glucose solutions as a safe, effective alternative 
to operative delivery of the conceptus. Abortion followed this treatment in 13 to 
108 hours (mean 38 hours). Others have reported success with the use of hypertonic 

Fig. 262. Uterus aftcr nearly fatal, soap-induced abortion with hemolysis, massive hemorrhage and necrosis. In
filtrated , partially necrotic myomet.rium bclow, coagulation and hemolysis in disrupted placental site above 

(H & E x 40). 

saline, instead of the glucose solution (WOOD, BENGTSSON, JAFFIN, WAGNER, SCIARRA, 

and their coworkers, inter alia). Most authors fail to mention the morphology of the 
expelled conceptus, or describe it as normal. However, BENGTSSON and STORMBY 

observed vacuolization of both syncytio- and cytotrophoblast as early as 4 hours 
following intra-amniotic infusions of hypertonic saline and glucose. They found necro
tizing placentitis adjacent to the fetal membranes, decreasing in severity toward the 
uterine wall, edematous villi, and no myometrial reaction. J AFFIN et al. described 
maceration of the fetal skin and thrombosis in the subchorionic region of the inter
villous space, in products of abortians induced in this manner. 

In a series of 20 patients whose pregnancies were interrupted in the twelfth 
through the twenty-eighth weeks by intra-amniotic injection of 20% saline solu
tion, 19 showed similar placental responses. In each of these, a plate-like zone of 
bland interviilaus thrombosis and necrosis of chorionic villi underlay the entire 
chorionic plate (Fig. 263). Typically, the subchorionic layer of thrombosis and 
necrosis measured one to two millimeters in thickness; histologically, the remain
ing chorionic villi and interviilaus blood appeared normal. In the single case not 
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associated with these placentallesions, hemorrhages within the decidua suggested 
that the infusion needle had been misdirected. The vessels of the umbilical cord 
and chorionic plate were autolysed; bland thrombosis of a chorionic vessel was 

Fig. 263. Subchorionic intervillous thrombosis with necrosis of entrapped villi. Abortion induced by intra
amnionic Instillation of hypertonic saline solution. (H & E x 40). 

observed only once. The accompanying fetuses were unusually fragile, soft, 
macerated,even edematous. No overt focallesions of fetal orgam, were recognized. 

The pathogenesis of abortians which follow intra-amniotic instillations of 
hypertonic solutions is not understood. CsAPO and BENGTSSON postulate that 
the effects are mediated through destruction of placental tissue, hence withdrawal 
of the protective hormone, progesterone, normally synthesized by the placenta. 
Uterine contractions are no Ionger suppressed, and the conceptus is expelled. 
However, others have been unable to prevent or delay abortion induced by these 
methods by the administrat.ion of progesterone to the gravida (ALLING-MOLLER 
et al.). Moreover, the reported results of assays of blood progesterone Ievels during 
successful interruptions of pregnancies by intra-amniotic hypertonic infusions 
have not always been consistent with CsAro's and BENGTSSON's hypothesis 
(Woon et al.). The morphologic features of the associated conceptus suggest that 
fetal death occurs promptly and subchorionic thrombosis at approximately the 
same time. Yet much villous traphoblast appears normal, any functionallesion 
being invisible on light microscopy. (See other relevant discussion in section on 
"Missed abortion"). 

The simplicity and apparent safety of the intra-amniotic infusions as means 
of interrupting gestation, for therapeutic abortion or to induce expulsion of a 
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dead fetus, have obvious advantages over methods heretofore in use. However, 
in rare instances, severe matemal morbidity, even mortality have followed. 
BRIGGS and MAcDoNALD et al., report fulminating clostridial infection of the 
uterus following the instillation of hypertonic glucose solution to effect expulsion 
of a dead fetus. We have observed grave matemal "toxemia", in response to 
massive feto-placental infection which followed therapeutic instrumentation of 
amniotic sac and live fetus. The wise choice of infusate (should glucose be injected 
into a uterus containing a large quantity of dead tissue ?) and scrupulous attention 
to techniques reduce the risks of such disasters to a minimum. 
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XI A. Ectopic pregnancy 

Ectopic pregnancy occurs whenever the implantation site is other than within 
the uterine endometrium. The most frequent sites are the oviduct, the ovary, 
the peritoneum and the cervix uteri. Incidence varies, but data aremostabundant 
and most accurate in tubal pregnancy. In the latter circumstance, the incidence 
depends on and is proportional to, that of salpingitis. The course and outcome 
depend on the development of phenomena of placenta percreta in the usual tubal 
and ovarian pregnancies, increta with the cervical pregnancy, and accreta with 
that which occurs on the peritoneum. 

Most frequently, ectopic implantation takes place when the fertilized ovum 
reaches a stage of trophoblastic stickiness and invasive potential prior to, or in 
cases of cervical pregnancy, later than, its arrival at the appropriate site within 
the corpus uteri. Obviously, anatomic factors, such as the presence ofblind pockets 
in the tubal mucosa, and functional ones, such as defective ciliary motion, might 
delay the normally ripening previllous ovum en route to the latter destination, 
and result in attachment and embedding at abnormal sites. Also, delayed ingress 
of the ovum into the oviductal Iumen from the peritoneum in which it has been 
fertilized, or even ovulation with fertilization within or upon the ovarian surface 
might permit implantation. Evidence for these mechanisms is best when an 
anatomic abnormality of the course and configuration of the oviduct is suspected. 
Therefore, the correlations with frequency of genital tuberculosis and with non
tuberculous pelvic infections are strong. Gongenital malformations of the oviducts, 
infiammatory distortion of their Iumens, especially that designated "follicular 
salpingitis", endometriosis, and even post-surgical states, i. e. after plastic 
reconstructive procedures, result in crypts and pockets in which the migrating 
zygote may become trapped and begin to attach. Whether ovarian and extrauter
ine abdominal pregnancies occur secondarily to detachment of primarily tubal 
ovular sacs seems debatable. Detachment of the implanted ovisac would appear 
to be too great an insult to the embryo to permit it to survive following secondary 
implantation at another site, if the latter were to ensue. Rarely, implantation 
occurs intramurally, adjacent to a pocket of deficient endometrium, perhaps 
following uterine surgery. 

MALL emphasized, and LAUFER et al. recently reiterated the frequency of 
pathologic ova among tubal ectopic pregnancies as evidence of the importance of 
abnormal environment in human maldevelopment and pregnancy wastage. Like 
many other such propositions, the antithesis seems equaily tenable, to wit: the 
mechanisms of implantation may be triggered early in some cases of intrinsicaily 
abnormal conceptuses (See Chapter XI, Abortion, for further discussion of 
"blighted ova"). Detailed study of weil preserved products of ectopic gestation, 
especially the unusual instances in which pregnancy continues into the second 
or even the third trimester, is of interest with respect to the infiuence of environ
ment on fetal growth, and nutrition. 

The criteria necessary for a diagnosis of primary ovarian pregnancy were 
clearly defined by SPIEGELBERG in 1878, and arestill considered valid. Of course, 
it may be impossible to differentiate satisfactorily among primarily tubal, ovarian, 
and peritoneal implantations when the products of ectopic gestation are not 
examined untillate in pregnancy. 

The histologic features of endometria recovered simultaneously with removal 
of ectopic gestational products vary considerably. On the other hand, progesta
tional hyperplasia and weil developed predecidua are encountered in curettings 
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from non-gravid patients, usually in association with multiple or cystic corpora 
lutea. Reliance on examination of such tissue samples in the diagnosis or exclusion 
of the diagnosis of ectopic pregnancy is, therefore, unwarranted and hazardous. 
However, recognition of epithelial atypias ofthe secretory glands in such specimens 
is the best evidence of pregnancy, short of identification of the traphoblast itself 
(Fig. 264). When this "Arias-Stella reaction" is demonstrated in the endometrium 

Fig. 264. Endometrial "atypia" associated with tubal ectopic pregnancy, so-called ARIAS-STELLA reaction. 
Nuclear enlargement, pleomorphism and hyperchromatism occur in response to chorionic gonadotropin. To the 

unwary, these anaplastic changes may suggest neoplasia. (H & E x 180). 

without evidence of intrauterine gestation, careful search for an ectopic source 
of chorionic gonadotropin is indicated. Of course, the commonest of these is ec
topic, tubal pregnancy. 

The accompanying bibliography is intended to direct the reader to relevant sources 
for detailed consideration of speci.fic aspects of ectopic gestation. However, the em
phasis in the published reports and reviews has been on the clinical features, diagnosis 
and therapy, rather than on pathogenesis, morphology, and general biologic im
plications. 
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XII. Hydatidiform mole 

Hydatidiform mole is a lesion of the placenta which is usually discussed with 
chorionic neoplasms. This stems mainly from the fact that the commonest 
abnormal antecedent of choriocarcinoma is molar pregnancy, and the major 
diagnostic problern in this area is one of predicting the sequelae, benign to 
devastatingly malignant, from the manifest mole. Pertinent aspects of this 
subject are discussed in recent reviews by HERTIG and MANSELL, SMALBRAAK, 
and the many participants at the Conference on Trophoblast and its Tumors, 
New York Academy of Sciences, 1958 (See ÜBER; NoYES; EDMONDS; PARK; 
BARDAWIL and ToY; DELFS; SMALBRAAK; BuxTON; BREWER; GREENE; HERTZ 
et al. 1959) (See also CoPPLESON; ScHULZE; DouGLAS, for broad clinical reviews). 

Hydatidiform moles are abnormal placentas, all or many of whose constituent 
villi are swollen and vesicular, producing a bizarre and characteristic gross 
appearance (Figs. 265, 266). Occasionally, the mole is not recognized prior to 

Fig. 265. Hydatidiform mole in situ within uterus. Vesicular transformation ofvilli is obvious. Uterine enlargement 
exceeds that cxpected for duration of gestation. Bilateral ovarian enlargement produced by multiple theca Iutein 

cysts. 

histologic study of the tissue specimen. This is likely to occur when molar 
vesicles have been shed and their nature hidden within blood clot, and when molar 
fragments have invaded, even penetrated the uterine wall, andfor "metastasized" 
to lungs or vagina. For purposes of data collection and comparative studies, it 
seems wise to apply the term "hydatidiform mole" only in instances in which the 
associated embryo has been "blighted" (See Chapter XI, Abortion). 

The observation of "molar" conversion of all or nearly all of the placenta associated 
with a surviving normal fetus is cited. (STORCH; BEISCHER; ßOWLES; BROWN; KIRSCH
BAUM; KRONE, inter alia) . Such seems mainly due to severe edema of villi, without 
trophoblastic proliferation, and is probably due to other mechanisms, more like the 
placental edema of erythroblastosis fetalis, etc. (q.v.). Whenever possible, simple pla-
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cental edema, accompanying such fetal states as hydropic erythroblastosis, mal
formations, and infections, should not be equated to molar changes. Perhaps, in time, 
even this arbitrary Iimitation will be found to encompass more than one etiologically 

Fig. 266. Typical hydatidiform mole. Entire placenta is composed of enlarged, cyst-like villi. Portion of chorionic 
membranc can be seen. 

distinct entity. However, restriction of the diagnosis to those instances in which no 
embryo or a severely stunted, a nodular or cylindrical embryo is associated with the 
affected placenta implies that the ovular disease had its onset very early in gestation. 

Morphology 
The hydatidiform mole is a striking gross specimen, resembling a "bunch of 

grapes", filling the uterus whose size is usually rendered considerably larger than 
would be expected on the basis of the period of amenorrhea. Usually, neither 
amnion, embryo nor chorionic cavity can be identified. Although hydatidiform 
moles vary considerably in size, they are often bulky, weighing as much as 2000 
gm. The friable masses of distorted villi are composed of chains and clusters of 
vesicular structures, held together by delicate, branching stalks (Fig. 267). The 
molar vesicles range in size up to diameters of two, or even three centimeters. 
Their fluid contents may be watery and colorless, or, less often, turbid, yellow 
to brown. The anatomic interrelationships of the placental components may be 
completely lost. However, diligent search is sometimes rewarded by the demonstra
tion of a chorionic cavity, rarely by an accompanying embryo (Fig. 268). 

The characteristic histologic features of hydatidiform moles comprise: hydropic 
expansion of the villous stroma (edema, cystic degeneration), and abnormal 
trophoblastic proliferation (Fig. 269). As a result of the villous hydrops, seg
mental swelling of the villous branches occurs. The trophoblastic proliferation 
produces masses of both syncytium and cytotrophoblast. Many villi are avascular, 
while others contain scant, narrow and delicate patent capillaries. The state 
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of preservation of the traphoblast and its degree of hyperplasia vary, as do its 
"anaplasia", dedifferentiation, and pleomorphism. Often the swollen villi and 

Fig. 267. Portion of typical hydatidiform mole has been teased apart to demoostrate the brauehing structure, 
with delicate stalks and buibous, swoiien villi. (F. 28 years, MB 1142/65 Path. Anatom. Institut Zürich). 

Fig. 268. Hydatidiform mole with chorionic cavity, at ieft top. 

their trophoblastic envelopes are necrotic (Fig. 270). On the other hand, U.e 
actively hyperplastic trophoblast may contain mitoses , may exhibit other cytologic 
evidences of growth (cytoplasmic basophilia, increased nucleocytoplasmic ratio, 
nuclear hyperchromatism) and may become vacuolated (Fig. 271). Confl.uenec 
of such vacuoles recapitulates that by which the primitive trophoblast of the nor
mal12 to 16 day ovum first forms the communic11ting intervillous space (HERTIG). 
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Fig. ~69. Typical molar viiins with absent chorionic vessels, marked stromal edema and proliferation of enve!oping 
trophoblast (H & E x 40). 

Fig, 270. Molar viiins whose trophoblast has nndergone degeneration. (H & E x 100). 
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Fig. 271. Vigorous, proliferating trophoblast, with vacuole formation , reminiscent of trophoblast of early ovum, 
in its formation of primitive, communicating intervillous spaces. (H & E x 100). 

Fig. 272. Transitional mole. Cast of uterine cavity, com
prising chorionic tissue, embryo, and decidua. Grossly 
vesicular transformation of portions of the placenta is 

evident. 

Failure to identify trophoblastic 
proliferation within a mole may be 
indicative of diffuse degeneration 
and necrosis of the lesion, or, on 
the other hand, may result from 
biased sampling. Molar fragments 
without trophoblastic activity are 
probably analogous to necrotic 
(ischemic ?) portions of a papilloma 
and especially likely to be found 
distant from the blood supply, i. e. 
away from the implantation site. 

HERTIG and EDMONDS coined 
the convenient term, "transitional 
mole" to designate lesions inter
mediate between the aborted ovum 
with hydatidiform change and the 
frank hydatidiform mole. A transi
tional mole is defined as an abortus 
in which the original type of ovum 
is still recognizable, yet hydatidiform 
degeneration of some villi is suffi
cient to be visible grossly (Fig. 272). 
Since the lesion may evolve from a 
pathologic ovum, without embryo 
or amnion or with nodular or amor-
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phous embryo and amnion, the transitional mole may include such ovular deri
vatives as amnion, chorion, villi, and embryo. 

Fig. 273. "Chorioadenoma destruens", or invasive mole, in situ. N ecrotic, hemorrhagic tissue lines uterus. Bilatera 
cystic, enlarged ovaries indicate theca Iutein cysts. Uterus opened laterally, cervical halves above and below. 

Fig. 274 . Invasive mole, sccn in slices ofgross specimen. Invasion is evident in the presence ofhemorrhagic nodulcs 
within the myometrium. 

Chorioadenoma destruens displays no definitive gross characteristics. Exten
sive, deep, and hemorrhagic penetration of the uterine wall may be obvious, and 
perforation may ensue (Figs. 273, 274). On the other band, the invasion may not 

Handbuch der pathologischen Anatomie VII/5 2!l 



450 XII. Hydatidiform mole 

be suspected prior to histologic examination of the specimen, yet hydatidiform 
molar villi are encountered within the myometrium, pathognomonic evidence 
for the diagnosis of chorioadenoma destruens (invasive mole EWING; HERTIG 

et al.) (Fig. 275). 

Fig. 275. Invasive mole, or chorioadcnoma destruens. Molar villus, encased in thick, active trophoblast, lies deep 
within the myometrium (H & E x 16). 

Histochemistry 

WISLOCKI and DEMPSEY applied a battery of histochemical procedures to the study 
of two hydatidiform moles, compared with normal placentas. Methylene blue staining 
demonstrated intense cytoplasmic basophilia in areas of cytotrophoblastic prolifera
tion; even the syncytium adjacent to these showed basophilic staining. The syncytio
trophoblast of one mole was rieb in alkaline phosphatase, while the other showed 
minimal activity. Acid phosphatase was not found in molar tissues. Lipoid droplets 
were abundant in the healthy syncytium of the moles; birefringency to polarized light, 
positive Schiff's plasmal reaction, and greenish autofluorescence with ultraviolet light 
corresponded in distribution with these droplets. Langhans' cells, proliferating and 
invasive trophoblast, syncytium, and stromal fibroblasts contained more glycogen 
than is found normally. Virtual absence of iron and calciumwas noted. Villous stromal 
collagen and reticulum fibers were indistinct, fragmented, and poorly stained. The 
functional significance of these findings was thought to comprise: ( 1) protein synthesis 
(basophilia), probably gonadotropin production; (2) steroid production (Iipoids and 
associated reactions); (3) decreased circulation supplying the villi (glycogen accu
mulation); and (4) impaired transport (iron, calcium). McKAY et al. and SAURAMO 
agree that villous and trophoblastic ischemia may Iead to glycogen accumulation in 
the stroma and proliferation of the villous epithelium. 

Some of the histochemical properties of trophoblastic lesions were described by 
BUR et al. who studied 15 benign moles, two chorioadenomas destruens, and three 
choriocarcinomas. Cytoplasmic and nucleolar basophilia increased proportionately to 
the malignancy ofthe trophoblast. With increasing malignancy, this basophilia became 
more and rr.ore resistant to thc action of ribonuclease. These workers propose that 
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an assessment of ribonuclease-resistant basophilia may have prognostic value in the 
analysis of problematic lesions. BUR and his colleagues also observed that the glycogen 
content of cytotrophoblast reflected its degree of hyperplasia, but without relation to 
neoplasia. Primitive, but not necessarily neoplastic, syncytiotrophoblast contained 
glycogen. Finally, in malignant syncytium, alkaline phosphatase was distributed 
focally, while a diffuse pattern of this enzyme activity was seen in benign tropho
blastic overgrowth. 

UHER and coworkers compared the histochemical characteristics of a coexistent 
hydatidiform mole and its twin placenta, the latter being attached to a fetus of five 
months' gestational age. The syncytiotrophoblast of the mole contained glycoproteids 
(Schiff-positive material, resisted ptyalin digestion), which were absent from the non
molar syncytium. Much glycogen was demonstrated in the proliferating cytotropho
blast on the molar villi, but absent in the corresponding "normal" tissues. Alkaline 
phosphatase activity was present at the periphery of the syncytium of both the molar 
and non-molar villi. UHER suggested that these findings might indicate that the 
traphoblast of the hydropic villi retained absorptive capacity and produced chorionic 
gonadotropin (glycoproteids). 

MIDGLEY demonstrated immunofluorescence ofthe syncytium, but none of the cyto
trophoblast, of five hydatidiform moles, sections of which had been incubated with 
rabbit antiserum to human chorionic gonadotropin. Similar localization occurred in 
sections of one chorioadenoma destruens, seven choriocarcinomas, nine immature, and 
no mature placentas studied. These findings, like the electronmicrographs of chorionic 
tissues (q.v.), support the contention thatthe syncytium is the source of the gonado
tropins, as well as of the steroid hormones of the placenta. 

MARQUEZ-MONTER used organ culture to study the incorporation of tritiated 
thymidine into the DNA of various components of molar vesicles. Irregular labeling 
of cytotrophoblast occurred, both in regions of hyperplasia, with or without anaplasia, 
and in thin, "inactive-looking" areas, and increased with Ionger periods of incubation 
(maximum: 24 hours). Stroma! cells, including Hofbauer cells, also became labeled. 
No labeling of syncytiotrophoblast was observed. These findings were interpreted as 
compatible with the view that cytotrophoblast which appears quiescent, by usual 
histologic criteria, has the same potential for hyperplastic proliferation as overtly 
hyperplastic cytotrophoblast, butthat syncytiotrophoblast is derived from precursor 
cytotrophoblast which lacks this capacity to proliferate. The labeling of stromal 
constituents was unexplained. 

Electronmicrography 

RIGANO and SERMANN compared three moles with normal early placentas 
viewed ultrastructurally. The "Langhans" cells were pleomorphic and disorderly, 
containing decreased mitochondria and increased ribonucleoprotein; nuclei were 
large; the nucleocytoplasmic ratio was increased. Syncytium also contained more 
ribonucleoprotein granules than normal, large numbers of osmiophilic bodies, 
and enlarged nuclei; microvilli and mitochondria were decreased, the latter 
structurally abnormal. The villous stromawas loose, containing few, but structur
ally normal fibers. These investigators observed ultrastructural analogies between 
molar trophoblast and neoplastic cells, thought the abnormalities became more 
intense with clinical malignancy of the mole, and deduced functional activity 
from particular aspects. 

WYNN described certain electronmicrographic aspects of hydatidiform moles. 
An intermediate type of trophoblast, which would appear as cytotrophoblast by 
light microscopy and exhibits some features of cyto- but others of syncytiotro
phoblast by the electronmicroscope, was prominent (Fig. 295). These ultra
structural features are interpreted as indicating vigorous metabolic activity. 
Undifferentiated trophoblast, similar tothat of the normal previllous ovum, was 
also present. This tissue resembled anaplastic carcinoma in that it contained 
mitochondria but no other intracellular organelles, an ultrastructural feature of 
growing and dividing cells, rather than of biochemical maturity and physiological 

29* 
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differentiation. The surface molar trophoblast was filled with secretory droplets 
and lipid granules, suggesting production of gonadotropin and steroid hormones. 
Villous stroma, relatively "empty" to the light microscope, was filled with collagen 
and cellular debris. According to WYNN's electronmicrographic studies, alllarge 
cystic villi of hydatidiform moles were covered, at least in part, by trophoblast 
which showed evidence of both metabolic activity (accounting for the imbibition 
of water and electrolytes against an osmotic gradient), and pinocytosis. These 
findings are compatible with the view that the villous swelling is produced by 
their active trophoblastic envelopes (See Pathogenesis for further discussion). 

LARSEN described decreased cytotrophoblast and altered structure of its 
ergastoplasm in a hydatidiform mole. In view of the limitations of sampling for 
electronmicroscopic studies, and the notorious morphologic variability within 
and among chorionic lesions, inconsistencies of published findings may be under
standable. 

lncidence. Geographie Variations. Effects of Age and Gravidity. 
Repetition of Molar Gestation 

The frequency of hydatidiform mole varies in different parts of the world and 
at different ages of the populations studied. HERTIG and EDMONDS cited an inci
dence of classical hydatidiform mole of one per 2062 full term deliveries at the 
Boston Lying-in Hospital. STROUP reported an incidence of 1: 1488, and ALTER 
and CosGROVE, 1: 1720 deliveries, from different clinics in the United States. 
KING estimated the incidence of molar pregnancy in Hong Kong as 1:530 deliv
eries. An extensive survey of relative frequencies of hydatidiform mole in 
various parts of the world was presented by SMALBRAAK (see TROPHOBLASTIC 
GROWTHS). MARQUEZ-MONTER and coworkers presented similar data in a table 
of ascending incidence of this lesion in various populations. They reported one 
hydatidiform mole for every 200 pregnancies cared for at the General Hospital 
in Mexico City. Comparable incidences were cited from other clinics in Mexico 
(1 :400), Guatemala (1:670- ARAMBURU), and South America (1 :829 to 1: 1,071). 

Some of this variation may be due to the early marriage, high fertility, and ad
vanced ages of the gravidas in the populations surveyed (vide infra). While the dif
ferences in incidence and prognosis of molar pregnancy reported in various series may 
also refiect local systems of patient referral and the areas served by the hospitals, 
variations in diagnostic criteria may account for others. For example, ScHIFFER and 
his colleagues reclassified five of an original series of 68 cases of hydatidiform mole as 
abortuses with hydatid change, not true moles. An international study, aimed at 
recognition of factors which might account for geographic differences, first endeavored 
to standardize the diagnostic criteria, an obvious necessity before considering the 
problern epidemiologically. According to IVERSON and her collaborators within the 
Joint Project for Study of Ohoriocarcinoma in Asia, reliable data from Asia indicate 
frequencies of hydatidiform mole as high as one in 200 to one in 250 deliveries. 
These investigators concluded, after study' of 497 cases of suspected trophoblastic 
"tumors" in eight Asian countries and 195 such cases in the United States, that an 
increased predilection for these lesions exists in Asian women. Evidence was obtained 
of correlations of incidence with low socio-economic status, and with pregnancies 
occurring in older aged women, but not with their ethnic origins or geographic locales. 
DouGLAS commented that the women oflow socio-economic status at Bellevue Hospital 
in New York City, who comprised Irish, ltalian, Puerto Rican, and negro origins, did 
not exhibit the same increased susceptibility to these lesions. However, MARQUEZ
MONTER et al. also thought that poor nutrition enhanced the risk of trophoblastic 
disease among populations which they surveyed. 

The average ages of Asian women with hydatidiform mole, chorioadenoma 
destruens, and choriocarcinoma were statistically greater in each diagnostic 
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group than in the same diagnostic category of women in the United States. 
(JOINT CoMMISSION, etc.). The average number of pregnancies and the numbers 
of pregnancies in older age groups of the Asian patients also exceeded those of the 
patients sampled in the United States. In general, the incidence of hydatidiform 
mole varies with the age of the population. SMALBRAAK's survey of the Iiterature 
is summarized as follows: According to EsSEN-MOLLER's series of 50 cases ofmole, 
the lesion occurred twice as often after the age of 45 years as it did priortothat 
age. EERLAND found the incidence to be the same at all ages under 40 years, 
namely one mole for every 1345 pregnancies; from 40 to 45 years, the incidence 
wa& one per 350 pregnancies; after age 45 years, one mole occurred in every 32 
gestations. These observations were regarded as compatible with the generally 
increased risk of all kinds of abnormal products of gestation with advancing mater
nal age. Moreover, V ASSBUCH and VERMELIEU observed five hydatidiform moles 
among products of 20 pregnancies of women aged 50 years or older. However, 
there is also some tendency to the occurrence of these gestational mishaps in the 
very young gravidas, FINDLEY having collected 1ll cases in women aged 15 to 
25 years, and citing two in 13 years old and one in a 14 year old patient. BoBROW 
and FRIEDMAN observed a 12 year old girl with a molar gestation. (See SMAL
BRAAK, TROPHOBLASTIC GROWTHS, for details). The mean age of patients with 
molar pregnancies observed by MALL and MEYER was 29.6 years, by HERTIG 
and SHELDON, 28.9 years and by DAs, also 28.9 years. The relationships to gravidi
ty are less impressive than those to maternal age. Among SMALBRAAK's series of 
74 molar gestations, 32.5% occurred in primigravidas. DAs reported a mean 
gravidity of 2.5 and a mean parity of 1.1 among patients with molar pregnancies. 

The phenomenon of "repeat" moles is one of the most unusual features of molar 
gestations. Hsu et al. reviewed this subject, culling the Iiterature and adding their 
own seven cases. In the 15 case histories so accumulated, 100 pregnancies produc
ed 33 hydatidiform moles. In addition, one of the 15 patients developed chorio
carcinoma after two moles. Many of the molar gestations were separated by normal 
pregnancies. None of the 15 women was reported to have experienced an abortion 
-except for abortions of moles. MoRRISON later described the occurrence of three 
successive moles, all benign, and ENDRES reported a patient who delivered six 
consecutive hydatidiform moles. MARQUEz-MoNTER and his colleagues cited four 
instances of repetition of molar gestations: two patients experienced two, one had 
three, and one aborted 11 hydatidiform moles. The latter history is also remarkable 
in that the patient's first pregnancy produced a living infant who expired, the 
second yielded a mole, the patient remarried, and then delivered a series of 10 
consecutive moles. Wehave also seen a patient who bore repeated moles, despite 
remarriage. It might be instructive to compare series of repetitive moles produced 
by the same gravida with each other and with her interspersed non-molar gesta
tions from standpoints of sex, cytogenetics, virology, detailed placental morpholo
gy, and histochemistry. Perhaps, the interspersion of normal pregnancies in series 
with those producing moles argues against an infectious etiology of the latter 
mishaps. It is also striking that only one among the series cited and one other 
patient observed to have delivered repeated moles at the Boston Lying-in Hospital 
are known to have developed choriocarcinomas. 

According to reports, twin gestation is statistically more common in association 
with hydatidiform mole than without this association (CHAMBERLAIN). Figs. 115, 116 
depict products of twin gestation, one of which was a large hydatidiform mole. 
This difference may be spurious, merely reflecting the increased probability of 
reporting the unusual over the usual, i. e. the molar pregnancy with a twin 
compared with the mole without a twin. However, if, as HERTIG and EDMONDS 
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and HERTIG and MANSELL postulate, molar change is a consequence of retention 
of a blighted ovum as a "missed abortion", the coexistence of the surviving co
twin embryo-fetus may delay expulsion of the conceptus. The diagnosis of a 
multiple molar gestation, i. e. a double mole, would be difficult, indeed. Such a 
diagnostic possibility was raised in a recent case of hysterectomy with mole in 
situ, because of the simultaneaus demonstration of paired corpora lutea of 
pregnancy, one in each ovary. Iftwo chorionic cavities, with or without embryo(s) 
were demonstrated within a mass of molar tissue, the diagnosis would be sub
stantiated. Laclring such an observation, twin moles might be suspected from 
sexual dimorphism of constituent tissues, either as discordance of Barr bodies, 
or cytogenetically. Cytogenetic demonstration of two populations of cells would 
also tend to support such a diagnosis. However, differentiation from mosaicism 
might be impossible. Yet, the effort should be made, in case a pair of karyotypes 
incompatible with mosaicism should be recognizable (e. g. XX/XXY). 

There are remarkably few data bearing on the question of intrafamilial trophoblastic 
disease. However, SMALBRAAK has described a most unusual pair of sisters (his Case 
# 28 and her sister), each of whom delivered no less than four hydatidiform moles, 
and died from complications of the fourth. The index patient expired from infection, 
following perforation of an invasive mole. Her sister's lethal lesion was thought to 
have been a choriocarcinoma, but SMALBRAAK suggests that it, too, was a chorio
adenoma destruens with complications. In each case, the series of moles exhibited 
increasingly aggressive features. The index patient also produced five other mis
carriages, any of which might also have been molar gestations, and, in the midst of 
the total sequence of pregnancy mishaps, a normal child. AzAR, reporting chorio
carcinomas in women mated to close relatives, suggested a röle of consanguinity in 
the etiology oftbis tumor. Studies ofthe lineage ofpatients with trophoblastic disease 
might be undertaken with profit in areas where such lesions are common among the 
populace. 

Ectopic Molar Pregnancy 
Rare cases of ectopic, tubal pregnancy with development of hydatidiform mole are 

reported (PETTIT; MEYER; MILLER; KIKA and MATUDA; CHALMERS, inter alia). 
However, EWING, who mentioned 13 instances of primary choriocarcinoma of the 
fallopian tube, made no reference to tubal mo1es. MADDEN was impressed that chorion
epitheliomas of the oviduct were reported about three times more frequently than 
hydatidiform moles at this site. BARKLA pointed out that the ratio of tubal chorio
carcinomas to total tubal pregnancies was approximately ten times the ratio of uterine 
choriocarcinomas to total intrauterine pregnancies. No parallel increase in relative 
frequency of tubal hydatidiform moles has been observed. This divergence of in
cidence of the two major trophoblastic lesions suggests that a common, continuous 
pathogenesis does not exist, or that if the tubal abortion or rupture interrupts the 
sequence, no mole is formed, yet the residual traphoblast gives rise to carcinoma. 
SuTHERLAND described the rare combination of coexistent tubal mole and intrauterine 
pregnancy. HERTIG and MANSELL, commenting that they had not seen a molar tubal 
pregnancy, imply that the blighting of ova, so common in ectopic pregnancy, can 
easily be misinterpreted as true hydatidiform mole. WESTERHOUT reported a case of 
ruptured tubal mole, associated with a seven centimeter fetus. Because of the grossly 
vesicular aspect of a portion of the placenta, the simultaneaus identification of the 
fetus, and the photomicrograph which accompanies the case report, this seems to 
have been an instance of transitional mole. The author cited 20 other cases reported 
previously. However, among the latter was a Breus' mole, which should not have 
been included in the cumulative series of ectopic hydatidiform moles. 

Hydatidiform Mole With Fetus 
As early as 1878, STORCH described cases of "partial myxoma of the placenta", 

i.e. hydatidiform mole, associated with livebirth and with twinning. KIRSCHBAUM 
cited the delivery of a living child with a placenta, 85% of which was converted to 
hydatidiform mole. BowLES reported a case of extensive hydatidiform mole formation 
(weight 4 lb. 2 oz.) with delivery of a living child (4 lb. 6 oz.). KRONE described the 
birth of a female fetus, weighing 3200 gm., accompanied by a placenta with eccentri-
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cally inserted cord, and a mole without a cord. He suggested that this might represent 
twin gestation with one "twin" a complete mole, or a partial mole affecting only a 
succenturiate lobe, without twinning. BEISCHER estimated the incidence of hydatidi
form mole accompanied by a fetus as about 1:14,000 pregnancies and 1:26 hydatidi
form moles, in Melbourne from 1940 through 1959. He described 15 such cases. Three 
of the specimens were recognized as "hydatidiform moles" only upon microscopic 
examination. Seven specimens comprised fetus plus molar placenta; one of these was 
described as malformed. Five were fetuses with focal, or partial hydatidiform mole 
of associated placentas. One ofthe latter, delivered at 31 weeks, was associated with a 
living infant, who survived. One was a fetus with "molar tissue". Two were hydatidi
form moles coexistent with normal placentas, the latter attached to the fetus. Of the 
15 fetuses, four were female, three male, and the sex was not recorded in the other 
eight cases. SMALBRAAK also described fetuses with some of his series of moles, and 
KRONE observed a 4 Yz months' fetus with molar placenta. Unfortunately, the statns 
of the associated fetus is rarely described and, when the fetus or infant has died, 
details of its necropsy are not given by the reporting authors. Fig. 276 depicts an 
anatomically normal fetus with a molar placenta. 

J<'ig. 276. Hydatidiform mole with fetus. The male fetus, 9 cm. crown to rump, was weil preserved and not deformed. 
Approximately 80% of the placenta, which measured 14.5 x 12.0 x 5.0 cm, was composed of hydatidiform molar 

tissue. 

Survey of the scattered reports of moles delivered with large fetuses, even viable 
infants, and those associated with twins discloses no case in which chorioadenoma 
destruens, symptomatic metastases, or choriocarcinoma followed. While this may be 
spurious, and reflect incomplete reporting, it may also indicate that these lesions are 
not identical with the classic moles, in pathogenesis and prognosis. A clearer view of 
the problems of molar gestation may be gained from eliminating those cases not 
associated with " blighted ova", or from including them in the broad category of 
transitionallesions. Simple hydrops placentalis should be differentiated from hydatidi
form mole. 
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Diagnosis 

Molar gestation is suspected when uterine size exceeds that expected for the 
period of amenorrhea. Although the frequency of abnormal uterine enlargement 
varies in different series, it is important to note that moles may be found without 
uterine enlargement. According to BuxTON, moles recognized at 20 to 22 weeks' 
gestation may be within uteri which are smaller than expected at this gestational 
age. When theca lutein cysts develop in the ovaries, ovarian enlargement may 
suggest associated molar gestation. Vaginal bleeding is common, and molar 
fragments may be discharged with the sanguineous material. Early onset of 
preeclampsia also suggests the presence of hydatidiform mole. Usually, the fetal 
heart tones cannot be heard and electrocardiography yields no evidence of fetal 
heart action (relevant observations after some 19 to 20 weeks of amenorrhea). 
No fetal skeleton is visible on roentgenography of the pelvis. However, molar 
gestation is rarely associated with a fetus (vide supra). Gonadotropinsare dernon
strahle in blood and urine by bioassay and immunoassay, titersoften exceeding 
those which accompany normal gestations. (See Section on Hormonal Aspects, 
and Chapter XIV.) 

BoRELL, RocA, HmHMAN, CocKSHOTT, HENDRICKSE and their coworkers have 
found angiography of the pelvic and uterine vessels useful in demonstrating the 
disorderly vascular spaces, and, occasionally, the vesicular and bullous structures 
of an intrauterine hydatidiform mole. A recent diagnosis of hydatidiform mole 
in situ was made by transabdominal injection of contrast medium into the uterus. 
The bullous, vesicular, and completely disorganized structure of the mole is 
clearly delineated on the resulting roentgenogram (Fig. 277). Interestingly, prior 
efforts to demonstrate this lesion by introducing the radio-opaque medium 
transcervically were unsuccessful. DoNALD and BROWN, MAcVICAR and DoNALD, 
and RARPER and MAcVICAR recommended the use of ultrasonic echo sounding 
for the diagnosis of hydatidiform moles. In 50 cases suspected tobe molar gesta
tions, at 10 to 22 weeks' gestation, the sonar examination diagnosed 16 as hydatidi
form moles; 15 of these were confirmed. 

The vaginal smear of a patient with a molar gestation shows considerable estrogen 
effect and no distinct progesterone effect (DE NEEF). DE NEEF recommends the 
examination of serial vaginal smears to follow the postmolar status of patients. If such 
smears are taken beginning soon after evacuation of the mole, persistent pregnancy 
pattern indicates ratained trophoblastic tissues. Trophoblast may also be recognized 
in smears. HoPMAN and CAVANAGH are in essential agreement with DE NEEF. 

BROMBERGet al. described an increased concentration of fetal hemoglobin in blood 
specimens from four patients with hydatidiform moles. In the absence of fetus, the 
transplacental passage of whose blood might be the source of this substance, the 
authors suggest that the gravidas reactivated their own fetal hemoglobin synthesizing 
systems, as is known to occur in such genetically determined hematologic disorders 
as thalassemia and sickle.cell disease, as weil as in acquired states, such as pernicious 
anemia. 

TOBIN found elevation of the serum glutamic oxalacetic transaminase in four of 
five cases of hydatidiform mole. 

HERTIG stated that 80% of classic moles are composed of masses of typical 
vesicular villi alone. Most of these are recognizable at a glance. The histologic 
diagnosis of hydatidiform mole requires the recognition of molar vesicles, usually 
associated with trophoblastic proliferation. The majorproblern is one of differen
tiating the innocuous mole, from thc menacing chorioadenoma destruens and 
from choriocarcinoma. (See Morphology, for further discussion.) RITTERMASTER 



Diagnosis 457 

and STALLABRASS are among those who have pointed out the hazards of mis
diagnosis of molar gestation, especially when the latter is complicated by pulmo
nary lesions, as chorionic carcinoma. Recognition of these difficulties led BARDA· 
WIL and ToY to comment: " ... one may wonder whether the commonest cause of 
»pontaneous regression in choriocarcinoma has not bcon pure misdiagnosis". 

Fig. 277. Roentgenogram following · transabdominal intrauterine injection of contrast medium. Hydatidlform 
mole is demonstrated by bizarre bullous and vesicular pattern produced. (Courtesy of Dr. Donald P. Goldstein). 

While thc pitfalls of erroneous clinical diagnosis are many, expert pathologists 
also remind us of the inaccuracies of morphologic diagnosis and prognosis (N ov AK, 
PARK, BARDAWIL and ToY, HAINESand TAYLOR, CANLAS, inter alia). The serious 
difficulties of histologic diagnosis of trophoblastic diseases were underscored by 
PARK's report on the diagnostic interpretations of experts who reviewed 200 cases 
collected by the Albert Mathieu Chorionepithelioma Registry. The great divergence 
of opinion is indicated by the fact that these authorities disagreed on the diagnosis 
of choriocarcinoma in 44.5% of the 200 cases. This nonuniformity of diagnostic 
criteria, combined with the fact that trophoblast has a much wider range of biologic 
than of histologic behavior, renders the entire problern of classification and 
prognostication exceedingly difficult. The error of diagnosing hydatidiform mole 
as choriocarcinoma is more common than that of interpreting a carcinoma as a 
mole. 



458 XII. Hydatidiform mole 

Etiology 

The cause or causes of hydatidiform mole are unknown. That the lesion is a 
kind of abortus, or evolves therefrom, is clear. Perhaps the etiologic factor of 
moles is common to many nonmolar abortions and acts through an effect on the 
trophoblast per se. Until knowledge of the causation of abortions is nearly comple
te, it will not be possible to ascertain whether hydatidiform mole results from a 
continuous influence of one, or of several such causes, acting simultaneously or 
in sequence. Studies from different countries and racial groups indicate a greater 
importance of socio-economic-related factors, rather than genetic ones (vide 
supra). Much more sophisticated analyses of populations and their affected 
members will be necessary to ascertain how much the geographic heterogeneity 
of incidence of trophoblastic disease reflects genetic characteristics of its victims. 
Limited attempts to identify a living agent, i. e. a virus, or to discover consistent 
and characteristic structural or numerical abnormalities of chromosomes have 
also produced negative results (vide infra). However, there is general agreement 
that molarchangestake place in relation to "pathologic" ova much oftener than 
"nonpathologic". (DoLFF, HUBER et al., NILSSON, PARK, HERTIG and EDMONDS, 
inter alia-see Pathogenesis). 

There is little evidence that this disease is viral in etiology. DE RuYCK reported 
observations compatible with an effect of a filtrable agent, when material from moles 
was inoculated in allantoic membranes of chick embryos (See SMALBRAAK). Others 
have not been able to duplicate his results (SMALBRAAK). The occurrence of hydatidi
form mole in just one of a pair of twin placentas also seems to imply that the lesion 
is not of viral etiology (SCHEBAT et al.; BEISCHER; CHAMBERLAIN; LAFFONT et al.; 
SITARATNA and SARMA). 

PARK studied 22 hydatidiform males from the Mathieu Chorionepithelioma 
Registry from the point of view of sex chromatin bodies in constituent cells. 

Both stromal and trophoblastic cells contained Barr bodies, but their incidence 
varied from 0 to 91% among the specimens. No sharp separationwas found between 
high incidence and low incidence groups. Sex chromatin bodies were found in a higher 
percentage of trophoblastic than stromal cells, but the incidence in the two tissues 
seemed parallel. In general, the incidence of visible Barr bodies varied inversely in 
relation to the age of the patient, suggesting to PARK that degenerative changes which 
might obliterate these structures were commoner in older persons. There is general 
agreement that moles are predominantly sex chromatin positive (PARK; ATKIN and 
KLINGER; WENNER; WAGNER cited by ATKIN and KLINGER; SASAKI et al., inter alia). 
SASAKI et al. suggest that this tendency is a reflection of polyploidy, but KLINGER 
finds the nuclear size in moles incompatible with a general tendency to polyploidy in 
"female" moles. 

STOLTE et al. studied fresh squash preparations of three hydatidiform moles, all of 
which showed aneuploidy, the predominant chromosome nurober being 38 in all three. 
Karyotyping was unsatisfactory. SASAKI and coworkers examined dividing cells in 
direct preparations of six moles, and three normal early gestations at 10 to 12 weeks' 
gestation. Each specimen bad a modal chromosome nurober of 46; three of the moles 
were female, one male, and two of indeterminate chromosomal sex. The four moles 
which were studied immediately showed increased percentages of dividing cells 
compared with the normal material. Two specimens stored overnight prior to study 
yielded fewer dividing cells. Polyploid cells were also more frequent in the moles. 
MAKINO and his associates made direct preparations from seven hydatidiform moles, 
two "destrnctive" hydatidiform moles, two choriocarcinomas, and three normal early 
placentas. Among the "benign" moles, 46 was the commonest chromosomal number, 
but there was an increase in percentage of tetraploid cells, endoreduplication of 
chromosomes was seen, and numerical deviations from diploidy and tetraploidy were 
observed. The "destructive" moles yielded fewer cells with diploid and tetraploid 
numbers, and frequent cells with an9uploidy and aberraut chromosomal constitution. 
More aneuploid cells were found in the portions of mole which were invading the 
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endometrium than in the villi within the lumen. Choriocarcinomas contained still 
more aberrant heteroploid cells. These findings were thought to represent a chromo
somal shift from diploid to tetraploid to heteroploid with successive stages ofmalignant 
transformation of the trophoblast. All specimens were karyotyped as female. 

In a subsequent report, MAKINO et al. described three anembryonic blighted ova, 
portions of which consisted of mole-like villi while the remaining placental tissues 
were normal. All three were triploid, XXY. The authors suggested that such findings 
were compatible with a transitional lesion, both morphologically and cytogenetically 
intermediate between the normal and the typical hydatidiform mole. However, other 
explanations are also tenable, such as fertilization of an unreduced ovocyte or fusion 
with apolar body. ATKIN and KLINGER reported tissue culture study of a triploid XXX 
hvdatidiform mole, attached to a fetus which was itself found to be a mosaic with 
respect to the sex chromatin bodies visible in sections ofits tissues. (Unfortunately, be
cause ofprevious fixation, the fetal tissues could not be cultured.) They also cited several 
instances ofhydatidiform moles whose villous trophoblast and stroma showed divergent 
sex chromatin pattern, e.g. double sex chromatin in trophoblast and single in stroma, 
or single in stroma and none in trophoblast. SzuLMAN found a transitional hydatidi
form mole to have a triploid XXY chromosomal complement, on tissue culture of 
its vesicles. He also quotes a report of Patau et al., wherein a triploid XXX hydatidi
form mole was cited. HARNDEN described 44 autosomes and two X chromosomes in 
each of two hydatidiform moles studied successfully in tissue culture. BURGOIN et al. 
attempted to characterize the chromosomes of ten hydatidiform moles by means of 
tissue culture studies. Technical success was achieved in only four, probably because 
of bacterial contamination of the other six. These four were found to have normal 
chromosomes, three were females and one was male. Diverse chron.osomal anomalies 
were seen, but neither consistent nor constant. From these results, BuRGOIN and his 
co-workers suggest that the etiology of hydatidiform mole is probably not related to 
abnormal chromosomal complements. Aneuploid mitoses, which were also observed, 
provided a possible index to the clinical severity ofthe mole as it evolved in the patient. 

Few relevant animal experiments have been reported. SMALBRAAK cites the efforts 
of Courrier and Gros (1936) who removed the ovaries of cats at 15 to 17 days' gestation 
and subsequently observed fetal death and maintenance of placental growth with 
hydatid changes in the villi. SMALBRAAK also refers to the work of AICHEL, who 
reported similar changes in the fetal part of the canine placenta following experimental 
crushing of the gravid uterus. In both these experiments, fetal death occurred prior 
to the mole-like placental responses. 

Pathogenesis 
Two major hypotheses have been proposed to explain the pathogenesis of 

hydatidiform mole: (1) failure of abortion of a blighted ovum, with cessation of 
villous circulation secondary to this, proliferation and continued function of 
trophoblast, producing varied combinations of villous hydrops and trophoblastic 
overgrowth; (2) primary trophoblastic abnormality, with extinction of embryonie 
circulation, blighting of the embryo, continued proliferation of trophoblast, which 
retains some of its functions, and varying degrees of autonomy of growth. 

HERTIG and EDMONDS espoused the former view, supporting their thesis with 
detailed morphologic studies of abortuses, and reference to early ova recovered 
from uteri removed from women of known fertility, presumed to represent normal 
early human gestations. They emphasized the frequency of "blighted ova" among 
products of spontaneaus abortion, and described the associated hydatid change, 
i. e. focal, pathologic, albeit microscopic, regions of villous avascularity and edema 
among these. HERTIG and EDMONDS found such hydatid change in 38% ofproducts 
of spontaneaus abortion-in 66.9% of pathologic and in 11.65% of nonpathologic 
ova. KAESER found hydropic degeneration in 46.8% of 203 aborted ova. Accord
ing to NrLSSON, hydatidiform degenerationwas most common in early abortions, 
becoming rare after 14 weeks' menstrual age. He observed hydatidiform change 
in about 50% of anembryonic ova, some 30% of ova with nodular embryos up 
to 5 millimeters long, and only about 3% of abortuses where the length of embryos 
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cxceeded 5 millimeters. These findings suggested to him that hydatidiform change 
begins very early in development and is associated with ova containing pathologic 
embryos. According to PARK, the moreabnormal the ovum, the more likely are 
its villi to show hydrops. JAVERT also alludes to relationships between pathologic 
ova and molar change. 

HERTIG and EDMONDS recommend that the interpretation of causation of 
hydatidiform changes in ova be based, as much as possible, on an evaluation of the 
status of the ovum at the time that the degeneration is initiated, not in terms 
of the end result, the full-blown mole. In all probability, hydatidiform degenera
tion of chorionic villi begins at about the fifth week of pregnancy (menstrual age ), 
when the embryonie circulation should begin to function. According to HERTIG, 
a spectrum of reactions could be seen, ranging from the minimal degrees found 
in so many abortuses, through those in which the reaction was extreme enough 
to be recognized as gross vesicles, to the classic hydatidiform mole (Fig. 278). 

~'ig. 278. Progressively greater degrees of hydatidiform change 
in a series of three abortuses. Focal hydatid change, (above, Jeft), 
transittonal mole (above, right), and classical mole (below) con
stitute an anatomic spectrum. (Comp:trc these with Figs.265-268.) 

To HERTIG and his coworkers, 
this morphologic series indicates 
that the hydatidiform mole re
sults from "missed abortion of a 
blighted ovum". The usual se
quence is as follows: a blighted 
ovum is produced by whatever 
mechanism(s) may yield such a 
result(see Chapter XI, Abortions), 
because of the absence or death 
of the embryo-fetus, chorionic 
angiogenesis is interrupted, pri
mitive villous circulation ceases, 
and disuse Ieads to atrophy of 
extant villous vessels. The tro
phoblast clothing the primitive 
villi continues its function of 
transfer of fluid from the mater
nal blood into the villi, whence 
it would normally be transported 
by the chorionic vessels, toward 
the "fetus". Lacking the cir
culation necessary for removal 
of this fluid, the villous stromal 
cords become distended and 
swollen (Fig. 279). HERTIG and 
his colleagues pointed out that 
less severe edema occurs focally, 
on a similar basis, at other sites 
of impaired chorionic circulation, 
such as the developing chorion 
laeve and the margins of the ex
panding discoid placenta. Such 
focal edema is explained by the 
same mechanisms-indeed, this 
constitutes part of the evidence 
of validity of HERTIG's hypo
thesis (See also HuBER et al.). 
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Hydrops of the villi occurs whenever and wherever vigoraus trophoblast, nourished 
from the matemal blood in which it is immersed, retains its own function of 
transfer of fluid, which then accumulates within avascular villi. HERTIG, McKAY, 
and their coworkers also suggest that the trophoblastic hyperplasia at thc surfaces 
of molar villi is a response to "stretching". Trophoblastic proliferation is thought 
to be stimulated by the enlargement of the villus-vesicle, which necessitates such 
growth in order to maintain the integrity of its epithelial surface. McKAY et al., 

Fig. 279. Accumulation of fluid within villous cores produces hydatidiform change, eventually frank molar vesicles. 
(H & E X 160). 

commenting on the predilection of villi to accumulatc fluid following early death 
of the embryo and failure to do so when the fetusdies after fivc months' gestation, 
suggest that the water-binding properties of villous stromal mucopolysaccharides 
and fetal proteins may be greater earlier than later in development. However, 
third trimester villi, even those at term, can swell, as is evident from hydrops 
placentalis et fetalis. 

Support for the concept of molar degeneration as a result of progressive 
trophoblastic overgrowth and continued function in a "missed abortion" is gained 
from review of the average clinical gestational ages at which the major types of 
abortuses are expelled. HERTIG and EDMONDS reported that pathologic ova were 
aborted at an average age of 10.2 weeks, nonpathologic ova at 15.4 weeks, transi
tional moles at 16.6 weeks, and typieal hydatidiform moles at 17.4 weeks. However, 
transitional moles, expeeted to oecur with a frequency intermediate between that 
of hydropie abortuses and classieal hydatidiform moles, are observed less fre
quently than this (PARK). Moreover, their hormonal output, as measurable in 
urine and serum, is also not compatible with a transitionallesion, between abortus 
and true male. 

Unfortunately, knowledge of the causes of "blighting" of the ovum is so scant that 
one cannot answer whether this event and the ensuing hydatidiform mole represent 
a continuum of responses to one etiologic mechanism. Perhaps continued cytogenetic 
analysis of blighted ova, transitional, and classical moles will demonstrate common 
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or progressive abnormality of chromosomal constitution among them. On the other 
hand, proven specific abortogenic factors in the environment could also initiate the 
sequence. 

The hypothesis that hydatidiform mole develops from a retained blighted 
ovum, that chorioadenoma destruens may evolve from this missed abortion, 
and that choriocarcinoma may follow either or both of these implies a sequence 
of separate disturbances of the chorionic epithelium. If a mole evolves from a 
"missed abortion", what is the reason for the abortion, and why is the chorion 
retained 1 If, on the other band, the primary abnormality is in the trophoblast, 
a continuity of related phenomena can be invoked to explain the blighting, the 
hydrops, hyperplasia, aggressiveness, and autonomy of its growth. A primary 
trophoblastic abnormality, with initial extinction of embryonie life (or failure to 
form an embryo at all), and continuing function to yield the typical transitional, 
benign, and malignant trophoblastic diseases seems tenable, as in P ARK's persuasi
ve exposition of this hypothesis. Interrelationships of lesions would then corres
pond to the benign papillomas, papillary carcinomas, and less well differentiated 
malignant neoplasms which arise in other epithelial tissues. 

McKAY and coworkers described chemical composition of fluids harvested from 
molar vesicles, comparing them with edema fluids from other tissue sites, normal 
amniotic and chorionic fluids. They found mole fluid to be essentially similar in compo
sition to ascitic and edema fluids, and fluid of normal tendon. W ater was retained 
within the villus-vesicle, against the force ofhigher osmotic pressure in the surrounding 
maternal plasma; amino acids were also concentrated on the "fetal" side of the molar 
trophoblast. The mean total protein concentration of mole fluid was 1.07 grams per 
100 milliliters, as compared with the mean maternalserum protein levels of 6.15 grams 
percent. The albumin: globulin ratio of molar fluid was slightly higher than that of 
serum. The latter protein values were, therefore, consistent with those found in a dialy
sate of serum. In general, the Observations of these investigators are compatible with 
the view that the molar vesicle is produced by the actively functioning surface tropho
blast, not by non-specific degeneration of the villus. 

Whatever aspect is of primary importance pathogenetically, it is the trophoblastic 
proliferation ofhydatidiform moles which produces the clinical difficulties-its aggres
sive variants, neoplastic derivatives, and, perhaps, its metastatic sequelae. 

Chorioadenoma destruens 
The invasive or destructive mole, or chorioadenoma destruens, has been likened 

to a placenta accreta, increta, or percreta of a molar placenta (HERTIG). There 
does not appear to be a predilection of moles to invade which can be related to 
antecedent endometrial injury, as is seen so often with non-molar placentas 
accreta, in-and percreta. Neither is there evidence that these latter phenomena 
are related to an intrinsic aggressiveness of their trophoblast. EWING regarded 
chorioadenoma destruens as the mildest form of genuine neoplasm of the chorionic 
epithelium. 

NovAK and SEAH found 34 cases of chorioadenoma destruens among 120 
hydatidiform moles reviewed from the Albert Mathieu Chorionepithelioma Re
gistry. In most cases, the pregnancy test became negative within two months 
after evacuation of the hydatidiform mole. CoRSCADEN and SHETTLES found 79 
cases of chorionic disease in a review of 30 years' experience at Sloane Hospital; 
68 hydatidiform moles, six cases of chorioadenoma destruens, and :five of chorio
carcinoma were o bserved. 

The characteristic clinical picture is one of vaginal bleeding and subinvolution 
of the uterus. Spontaneaus rupture of the uterus, as reported by NIESERT, LEE 
and SIEGEL, ENGLUND and ÜDEBLUD, MERCHANTE, MEYNARD, and ZENKER, 
inter alia, and invasion of contiguous and adjacent structures, such as the urinary 
bladder (PRICE), arenot surprising sequelae. Other aspects have been discussed by 
WILSON et al. 
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Syncytial endometritis 

Some interest and a great deal of confusion have been focused on "syncytial 
endometritis". According to HERTIG and MANSELL, with whom we agree, this 
comprises an infiltration of the decidua (endometrium) and myometrium by 
trophoblastic cells and varying degrees of associated inflammation. With ÜANLAS 
and DouGLAS, they regard the lesion as an accentuation of the placental site. 
However, in reporting their respective series of moles and outcome, HERTIG and 
SHELDON, and DouGLAS included syncytial endometritis among chorionic malig
nancies. Furthermore, HERTIG and SHELDON found a proportional increase in 
frequency of this lesion with increasing anaplasia of the antecedent mole, i. e. their 
Groups V and VI (vide infra). Perhaps this relationship merely indicates that the 
trophoblastic proliferation and anaplasia of hydatidiform mole occur diffusely 
and are not limited to the molar villi. "Syncytial endometritis" is characterized 
by an intermingling oftrophoblastic cells with the endometrium and myometrium, 
without sheets of growing tissue and without necrosis and hemorrhage. ÜANLAS 
regarded syncytial endometritis or syncytioma as regressing trophoblastic cells 
which had for unknown reasons penetrated the underlying myometrium more 
deeply than usual. This condition is important principally because of difficulties 
of differentiating it from choriocarcinoma. Familiarity with the histological 
features ofthe normal site ofimplantation will serve to differentiate the physiologic 
and the pathologic variants. Syncytial endometritis may have other implications 
relevant to the pathophysiology of pregnancy. Does the lesion arise as frequently 
in primigravid uteri as in those which have housed other, even many, ova 1 Is 
there a relationship with fetal states 1 Is the mucosa reconstituted as completely 
and as rapidly following syncytial endometritis as in normal circumstances 1 
Obviously, more study is needed to answer those who deny the existence of the 
lesion, and to investigate questions regarding the tolerable variations in the 
placental site. 

Prognosis 

HERTIG and SHELDON presented a monumental series of 200 cases of hydatidi
form mole and follow up data from which they sought indications of the basic 
nature of the lesions, their propensity to invade andfor to metastasize, and the 
prognosis for the patient. Six groups of moles were described, increasing in poten
tial malignancy as the numerical designation rose from I to VI. The classification 
was based on conventional histological examinations of the moles themselves, 
using hyperplasia and anaplasia as the major criteria. Sixteen percent of the series 
studied by HERTIG and SHELDON were classified as chorioadenoma destruens, a 
diagnosis included among the 53 chorionic "malignancies" found in the 200 cases. 
However, all 32 of these pursued a benign course. 

HERTIG and SHELDON admonish the investigator to examine a large number of 
tissue samples, selected from many portions of the mole itself, and all of the 
curettings obtained at the time of evacuation of the mole. These procedures will 
afford a more accurate pathologicoclinical correlation in the clinically malignant 
varieties of trophoblastic disease. They also allude to a suggestion in their small 
series of choriocarcinomas that some areas of the original mole andfor curettings 
obtained at that time resembled the ultimate metastases. 

HUNT and coworkers attempted, without success, to reproduce these results, 
using the same criteria. These investigators credited EWING with pointing out the 
great histological variability within individual moles. They also suggested that 
sampling of the mole at its site of implantation may Iead to a falsely high estimate 
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of its activity and aggressiveness. HUNT et al. chose to classify their series of moles 
on the basis of histological anaplasia alone. NovAK et al. also disagreed with the 
concepts of HERTIG and SHELDON, namely, that the histopathology of the mole 
anticipatcd, to some degrec, its potentialities for malignant sequelae. NovAK 
and SEAH chosc to disregard morphology, preferring a composite study of clinical 
and laboratory data. More recently, HERTIG and MANBELL have presented a 
simpler classification, based on the same criteria as those used by HERTIG and 
SHELDON, but conforming more closely to the system devised by HUNT et al. 
This is especially appropriate, since analysis of the original data of HERTIG and 
SHELDON reveals no increased prognostic value of separating the individual 
Groups II, III, and IV, or V and VI. However, Groups I, II + III +IV, and 
V+ VI were significantly different statistically, with rcspect to thc prediction 
of potential aggressiveness of the lesions. 

The Chi square test for significance indicates a p value of less than 0.001 for the 
data of HERTIG and SHELDON, arranged in the original six categories, as well as the 
same data grouped as follows: I, II+III+IV, and V+ VI. A similar test, applied to 
the data on Groups II, III, and IV, taken separately, indicates no significant differences 
among the three groups. Groups V and VI cannot be so compared, because of the 
paucity of cases in Group VI. 

DouGLAS biopsied 11 uteri at the time of hysterotomy for removal of hydatidi 
form moles and found no histologic evidence of invasion, but later observed 
"progression" of disease. Chorioadenoma destruens "developed" in three instances. 
Two patients so treated "developed" choriocarcinoma, following hysterotomy. 
Such lack of correlation between morphological and features and clinical course 
of individuallesions may, perhaps, indicate absolute inaccuracies of histological 
criteria, or, as DoUGLAS suggests, "progression" of the anaplasia, but may also 
prove to reflect nonrepresentative sampling of the lesions. HERTIG and SHELDON 
seem to express a similar opinion regarding choriocarcinomas: "They, therefore, 
appear tobe coincidentally malignant with respect to the pregnancy from which 
they arise." LoGAN and MoTYLOFF found no useful correlations between the 
histologic pattern of their series of 72 moles and subsequent malignant behavior. 
The difficulty of predicting the behavior of chorioadenomas destruens is illustrated 
by LUMBDEN and Tow, who observed two initially similar cases, with similar 
histological characteristics. Both patients were treated conservatively; one 
recovered and later experienced anormal pregnancy; the other developed pulmon
ary and probable intracranial metastases, and expired. (See DIAGN03IS for further 
relevant discussion.) 

According to the extensive experience of AcosTA·SISON and her coworkers, ad
vanced maternal age and concomitant pulmonary tuberculosis are two factors which 
exert unfavorable effects on the prognosis of hydatidiform mole. The vast majority 
of women who have produced a hydatidiform mole can expect to undergo subsequent 
normal pregnancies. 

Hormonal Aspects 

Detailed discussion of placental endocrinology constitutes Chapter XIV. 
Quantitative assays of urinary and plasma gonadotropins are necessary for the 
evaluation and longitudinal study of trophoblastic disease, both clinically and 
with respect to its fundamental biology. It is, therefore, appropriate that some 
of the hormonal aspects of hydatidiform mole be included, in brief, in this section. 

MATHIEU appreciated the value ofpregnancy tests in diagnosis ofhydatidiforrr. mole. 
TENNEY and PARKER, and PAYNE were among early investigators of chorionic gonado-
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tropin excretion in poetmolar patients. SMALBRAAK comment13d on the relatively long 
period of gonadotropin excretion which follows evacuation of a hydatidiform mole, 
often many weeks or months in duration, in contrast to the brief interval of three to 
ten days during which the Aschheim-Zondek test becomes negative after abortions 
and normal pregnancies. In SMALBRAAK's series of 63 patients, the interval between 
removal of the mole and the firstnegative Aschheim-Zondek test varied from one to 
26 weeks. However, in two thirds of cases, this testwas negative after six weeks. 

DELFS studied 119 patients with hydatidiform moles throughout their entire courses. 
Sixty days after evacuation of the mole, 26 of these still gave evidence on serum 
gonadotropin assay of surviving trophoblast. In 15 of these cases, the assays showed 
a gradual decrease in gonadotropin, becoming negative between 70 and 250 days after 
molar evacuation. The other 11 showed persistent or rising titers, associated with 
clinical irregularities which led to hysterectomy. DELFS and SMALBRAAK agree that 
the serum Ievels and urinary excretion of gonadotropin reflect the vigor of growth of 
the mole. According to DELFS' postmolar studies of 119 patients, serum assays for 
chorionic gonadotropin were positive ten days after evacuation of the mole in 78.1%; 
at 30 days 37% were still positive; at 60 days, 21.8% were positive. In 12.6%, the 
assays became negative after 60 days bad elapsed. Twenty-five of the 119 patients 
were not seen as early as ten days, and bad negative assays when they were first seen. 
HOBSON measured the urinary chorionic gonadotropin of 109 women with hydatidi
form moles, and 205 normal pregnant women, as weil as the gonadotropin content 
of eight complete molar specimens. According to assays carried out serially during 
pregnancy, the presence of a n::ole is suspected when the gonadotropin excretion does 
not fall, or rises after the sixteenth week. Negativetests were obtained on two occasions 
on the day prior to spontaneous expulsion of moles. It was suggested that these 
anomalous results might indicate that the moles had separated from uteri prior to 
performance of the test. The test became negative within four weeks of complete 
evacuation of a mole. It was interesting that he found no difference in the gestational 
ages at which spontaneous abortions of molar and non-molar pregnancies occurred in 
his clinic. WmE and HoBSON have attempted to differentiate molar from normal 
pregnancies by comparing the associated ratios of bioassayable and immunologically 
active urinary chorionic gonadotropin. Normally, this ratio is less than unity. In urines 
obtained from 27 normal pregnant women the mean ratiowas 0.40; among 23 speci
mens from 12 women with hydatidiform moles, the mean ratiowas 1.29; the difference 
in ratios was statistically significant. In 1931, HINBELMANN correlated the measured 
surface of chorionic epithelium on molar villi with the amounts of gonadotropic hor
mones produced by the lesion. SMALBRAAK was also of the opinion that the vitality 
of a mole and its production of hormones could be correlated. W ALTZ et al. reported 
the synthesis of gonadotropin by portions of three hydatidiform moles grown in tissue 
culture. They were unable to correlate the cell morphology of their in vitro preparations 
and the recovery of gonadotropins therefrom. In light of recent information relevant 
to the sources of placental hormones, the hormonal output of a lesion is regarded as 
an index of syncytiotrophoblastic activity. 

LAJOS and SzoNTAGH suggested that temporary storage of chorionic hormone within 
Iutein cysts may be responsible for persistently elevated serum and urine gonadotropin 
activity following the complete expulsion of a mole. 

SMALBRAAK stated that Gregorini noticed cystic ovaries associated with hydatidi
form moles as early as l 795. The enlarged and cystic ovaries may measure as much 
as 25 centimeters in diameter, and are bosselated and multicolored, as the cysts bulge 
beneath the tense capsules (HAINES and TAYLOR, inter alia) (See Figs. 265 and 273). 
Intracystic and, rarely, intraperitoneal hemorrhages may induce acute pelvic or ab
dominal discomfort. The histological features comprise many follicular cysts, most of 
which are lined by luteinized theca interna. Granulosa Iutein cells are generally in
conspicuous. Similar cysts are also observed in some women with hydropic, erythro
blastotic fetuses, in occasional diabetic gravidas, and in newborn infants of diabetic 
mothers. Recently, GIROUARD et al. reviewed this phenomenon, and reported two 
instances, one a twin pregnancy and the other an uneventful single pregnancy, in 
which hyperreactio luteinalis was observed. Unless there is doubt as to the diagnosis, 
or clinical symptoms demand treatment of the cystic ovaries, no therapy is indicated, 
and regression ensues within about six weeks. 

N ov AK attributed hyperreactio luteinalis to chorionic gonadotropin stimulation. 
Such cystic changes then constitute an intrinsic reflection of the hormonal activity of 
the responsible mole. Cyst fluid contains estrogen and progestogen, as weH as chorionic 
gonadotropin. In HoBSON's series, cystic ovaries were found in 23% of women with 
molar and 4. 7% of those with normal pregnancies. According to SMALBRAAK's review 
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of the relevant literature, the reported incidence of Iutein cysts in molar pregnancies 
varied from 2 to more than 90%. No doubt some of this variation is attributable to 
the methods used to evaluate the ovaries (external palpation, laparotomy, biopsy, 
microscopy). 

Deportation, Metastasis, and Regression 

According to BARDAWIL and ToY, KASSJANOW (1896) was the first to interpret 
so-called trophoblastic deportation as a normal phenomenon. SCHMORL noted 
trophoblastic deportation in the lungs of women who had died from eclampsia. 
Later, he regarded this deportation as anormal process. 

BARDAWIL and ToY studied sections of lungs from 109 matemal fatalities, 
occurring at the Boston Lying-in Hospital, between 1930 and 1957. In 57 (53%) 
trophoblastic emboli were found; in 11 more, the findings were suggestive ofsuch 
emboli; eight cases were classified as questionable; 33 werc free of deported 
material. In two of the 57 which showed metastases, fragments of villi were 
identified within pulmonary vessels. They found syncytial deportation as early 
as the fourth month, and, in three cases, the extent of intravascular embolization 
seemed suf:ficient to have been lethal. No relationship with abnormal obstetric 
states could be demonstrated. It is conceivable that manipulations during Iabor 
might shear the decidua and placenta, resulting in traumatic detachment of villi 
lying within veins, allowing them tobe washed away to the lungs (VIET). 

ATTWOOD and PARK found trophoblastic emboli within small pulmonary arteries in 
43.6% of 220 patients comprising pregnant, parturient, and puerperal women. They 
regarded "placental commotion" as an important factor in the deportation of tropho
blast to the lungs. No villi were seen. Thrombosis was infrequent and there was little 
or no histologic evidence of reaction to the emboli. In the opinion of these workers, 
such embolism is not important in relation to the immune mechanisms of pregnancy. 

THOMAS and his coworkers sampled blood from the placental site, veins of the broad 
Iigament, ovarian and femoral veins, inferior vena cava and peripheral veins. According 
to THOMAS et al., trophoblastic cells are detectable in the maternal venous blood 
draining the placent.al area in normal pregnancies as early as the third n::.onth, and 
until term. They found at least one syncytial cell in each milliliter of such blood. 
These investigators suggest that this continuous invasion of maternal circulation by 
syncytiotrophoblast may be important in producing a state of immunologic un
responsiveness of the gravida to the foreign cells of the conceptus. 

According to SMALBRAAK, Hinglais and Hinglais demonstrated (1952), by serial 
hormonal assays, the presence of disseminated chorionic cells in all cases of hydatidi
form mole, destructive mole, and chorionepithelioma. Since normal trophoblast, even 
villi, may "break off" and be swept by the blood to the lungs, and since trophoblast 
has a strong capacity for implantation, it is not surprising that molar fragments may 
also be deported and grow intravascularly at new sites. Similarly, since placental site 
trophoblast and most physiologically deported trophoblast regress, regression of de
ported molar fragments is not surprising (BARDAWIL et al.). The significance of im
mune mechanisms in regression of normal trophoblast and of trophoblastic lesions is 
discussed in Chapter XIII, Tumors of the placenta, (B) Choriocarcinoma. 

Aspects of invasion and control of invasion of normal rodent trophoblast, inter
relationships with hormones, and the influence of the fetus have been discussed by 
NoYES. PARK and BARDAWIL and ToY studied the fate of autologous, homologous, 
and heterologous trophoblastic emboli introduced experimentally in small mammals. 
The histologic aspects of their lodgement in the lungs recapitulated those seen in 
pregnant, parturient and puerperal women (q.v.). These findings were essentially the 
same as those of SCHMORLand MAXIMOW (cited by SMALBRAAK). PARK commented on 
the absence of tissue reaction to the experimental emboli. 

The presence of villi within a trophoblastic lesion d.oes not guarantee that said. 
lesion will not threaten the life of the patient, either by local effects or by disse
Inination. ScHMORL observed three instances in which syncytial cells had been 
transported to the lungs in molar pregnancy. SMALBRAAK credited Gregorini as 
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having already reported the occurrence of metastatic tumors in the lungs follo
wing expulsion of hydatidiform moles as early as 1795. MARK and MoEL, reporting 
a case of metastases to the lungs with histologic verification, caution that not all 
pulmonary lesions in trophoblastic disease be labeled, and their prognoses based on, 
the presumptive clinical diagnosis of, choriocarcinoma. HuGHES observed multiple 
small syncytial infarcts in the lung of a patient whose primary lesion was hydatidi
form mole. 

Hsu et al. reported their own series comprising 48 hydatidiform moles plus 
nine cases of chorioadenoma destruens. Metastases to vagina and the vicinity 
of the urethra were commonest (in contrast to most reports which indicate that 
pulmonary spread is the most frequent}, the lungs were the next in frequency, 
and in two cases, probable cerebral metastases occurred. While invasive moles 
were more likely to metastasize, deportation of neither these nor the "benign" 
moles seemed to be related to the concomitant presence of intrauterine lesions, 
or even of a uterus per se. Because of the frequency of such dissemination and its 
unpredictable relationship to the stage of evolution of the mole or its evacuation, 
these authors suggest that hysterectomy may be indicated when no further 
childbearing is desired. THIELE and DE ALvAREZ reviewed reports from 1947 to 
1961 ofmetastases complicating hydatidiform mole and chorioadenoma destruens. 
In nine series, varying from 38 to 195 cases of molar gestation and totalling 870 
cases, the incidence of metastases varied from zero to five percent. On the other 
hand, in six series of chorioadenomas destruens, each comprising 20 to 42 cases, 
and totalling 171, metastases were observed in zero (HERTIG and SHELDON} 
13.8, 26.2, 24.3 and 45%. GREENE surveyed 42 cases of chorioadenomas destruens 
collected by the Albert Mathieu Chorionepithelioma Registry. Definite metastasis 
had occurred in 11 and in 13 cases there was suspicion of metastasis. ÜBER 
commented on a series of 142 patients with invasive mole; the mortality of this 
series was 17.6%; 4.9% were proven to have had metastases. 

BAGSHAWE and GARNETT described various roentgenographic patterns seen in as
sociation with pulmonary metastases in trophoblastic disease. In general, these fall 
int.o three groups: snowstorm-like pattern, discrete lesions, and pulmonary hyper
tension. 

A characteristic feature of pulmonary metastases of hydatirliform mole is a tendency 
to intravascular, thrombotic and occlnsive growth, without invasion of vascular walls 
orjand lung parenchyma (ARNOLD and BAINBOROUGH; LIPP et al.). Often the syncytial 
trophoblastic masses lying within the vessel Iumina seem to be degenerating; less 
commonly, weil preserved cells, even with mitotic figures, are seen. Varying degrees 
of infiammatory reaction in the surrounding vessel walls have been described (ÜBER, 
PARK). 

Clinically, the response to such embolism varies. (JACOBSON and ENZER; 
SAVAGE; CANLAS; REED; SPADEMAN and TUTTLE; inter alia). Regression is 
frequent, often spontaneous, yet massive, fatal embolism, with or without frank 
infarction has also been documented. (ARNOLD and BAINBOROUGH; FAHRNER; 
LIPP; MARCUSE; MILLER}. The histological features of the original mole are of 
little help in anticipating these grave, albeit rare, sequelae. Moreover, among 
cases wherein surgery has not been done (and, therefore, the precise histologic 
nature of the emboli not ascertained histologically) spontaneaus regression is as 
frequent without, as with therapy. LEEDER treated a 16 year old patient afflicted 
by hydatidiform mole with pulmonary, vulvar, and vaginal metastases by 
hysterotomy and systemic methotrexate therapy, with apparent success. 

LAZARUS and ScHIFRIN described a most unusual case, perhaps representing diffuse 
intra-abdominal dissemination of a. hydatidiform mole. A 23 year old woman presented 
evidence of an acute intra-abdominal hemorrhage three months after abortion by 

so• 
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curettage. Multiple masses of chorionic villi were found implanted on the peritoneum 
and within the omentum, without dernonstrahle primary pregnancy or tumor and 
associated with hemoperitoneum. The A-Z test was positive. Published photomicro
graphs illustrate the immature villi; villous vessels are neither seen nor described. 
These findings suggest intraperitoneal metastases of a mole, the originallesion having 
regressed or been removed at curettage, and may be analogaus to deportation of 
benign molar elements to other sites. 

Relationship to Toxemia of Pregnancy 

Toxemia ofpregnancy with its onset during the firsthalf of gestation strongly 
suggests hydatidiform mole. SMALBRAAK reported the incidence of toxemia in 
women with hydatidiform mole to approach eight times that of toxemia in late 
nonmolar gestation. BREWS observed toxemia in 15% of his 100 patients with 
moles. LLOYD also described a case of hydatidiform transitional mole, associated 
with a seven inch fetus, and complicated by toxemia. CHESLEY et al. cited 35 
cases of "probable or alleged" eclampsia in association with hydatidiform mole 
and added a case of their own. It is interesting that seven of the "moles" were 
accompanied by fetus, 19 were not, and the existence of a fetuswas not mentioned 
in the other ten; six of the total series were partial moles. Many of the original 
reports appeared 50 or more years ago. Perhaps, in some, the diagnosis of hydati
diform mole would be revised if morphological details were available. 

There is fairly general agreement that molar gestations which are complicated 
by preeclampsia arealso characterized by unduly enlarged uteri, andfor gestational 
ages greater than four months. AcosTA-SrsoN examined the relationships of gesta
tional age and of uterine size to the occurrence of preeclampsia and eclampsia as 
complications of hydatidiform mole. Eighty-five cases were studied; 54 patients 
had normal blood pressures and urinalyses; 31 were hypertensive. Elevated blood 
pressures were correlated with the uterine size; most patients who developed 
toxemia exhibited uterine enlargement compatible with that of a normal pre
gnancy of six months' duration. AcosTA-SrsoN discussed the etiology of preeclamp
sia-eclampsia in light of her observations on uterine enlargement in relation to 
toxemias with hydatidiform moles. This relationship was ascribed to a combined 
effect of increased circulating gonadotropins and increased intra-abdominal 
pressure. 

ScoTT expressed the opinion that the pathogenesis of toxemia of pregnancy 
may not be the samein every patient. He observed trophoblastic proliferation to 
be common to the placentas of hydrops fetalis and hydatidiform mole, and cor
related with the toxemia syndrome in the gravida. He suggested that in such 
states of "placentosis", trophoblastic hyperplasia results in increased and pos
sibly disturbed hormonal synthesis and this, in the syndrome in the mother. 
MAQUEO and his colleagues evaluated their own series of 104 patients with hyda
tidiform mole from the point of view of preeclamptic toxemia. In all 12 instances 
of toxemia among the 104 women, the diagnosis of molar pregnancy was made at 
gestational ages greater than 16 weeks. Mild toxemia was observed in seven, and 
severe toxemia in five cases, the latter including one instance of eclampsia. Ten 
of the 12 moles from toxemic women were classified as Group III or IV (HERTIG and 
SHELDON); the other two were placed in Group II. The observations are compared 
with the 92 moles not associated with toxemia, 45 of which were classified as 
Groups III or IV. The authors conclude that the likelihood of complicating toxemia 
is greatest in women whose moles show marked trophoblastic hyperplasia at 
gestational ages exceeding 16 weeks' amenorrhea. 
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MARCHAND was the first to recognize that chorionepitheliomas arose from the 
villous epithelium, the same tissue that gives rise to hydatidiform moles. Hydatidi
form mole is the commonest abnormal antecedent of choriocarcinoma, constitut
ing the precursor of 45% of the 497 cases of the latter disease reviewed by PARK 
and LEESand 24% of fatal cases in the same series, collected prior to the advent 
of chemotherapy. SMALBRAAK's series of 17 cases of chorionepithelioma included 
five patients whose antecedent pregnancies produced hydatidiform moles. Ap
proximately one third of all choriocarcinomas registered with the Albert Mathieu 
Chorionepithelioma Registry followed molar gestation, another third occurred 
after nonmolar pregnancies of less than 20 weeks' gestation, and the remaining 
third, nonmolar pregnancies greater than 20 weeks' in duration (BREWER}. 

HERTIG and EDMONDS estimated that one in forty moles is followed by chorio
carcinoma. However, NovAK expressed the view that the risk of choriocarcinoma 
following a molewas not much in excess of 1%- PARK calculated that the risk of 
choriocarcinoma following hydatidiform mole lies between a minimum of 1% and 
a maximum of 10%. Within HERTIG and MANSELL's later three classes of moles 
(q. v.), Group I implied a risk of 1%, Group Il, 5%, and Group III, 10%, accord
ing to PARK. The latter investigator estimated that the risk of developing chorio
carcinoma is about 2000 to 4000 times greater after passage of a hydatidiform 
mole than following a simple abortion or term delivery. Mter a normal term preg
nancy, the probability of choriocarcinoma is about one in 160,000. GRADY estimat
ed the risk of choriocarcinoma subsequent to molar gestation as less than 2%. 
None ofthe 104 molar gestations described by MARQUEZ-MONTER et al. was known 
to have been followed by choriocarcinoma. However, the follow up data are in
complete, only 50 of the 104 women being reevaluated even as long as one year 
after evacuation of the moles. 

According to BAGSHAWE, there are four groups of trophoblastic tumors, (1) 
hydatidiform mole or benign mole, (2) invasive mole, (3) chorioadenoma destruens 
and chorionepithelioma in situ, and (4) choriocarcinoma or chorionepithelioma. 
In his opinion, gradations of these four lesions form "a more or less continuous 
spectrum of malignancy". However, the series of 23 patients, whose management 
and course he described in 1963, comprised 12 cases of choriocarcinoma, two of 
chorioadenoma destruens, and nine without histologic classification, seven of these 
with prior history of molar pregnancy. Six of the 23 died, while 17 experienced 
complete remission for periods of three months to four and three quarters years 
after repeated courses of methotrexate and mercaptopurine. In light of the usu
ally favorable prognosis of hydatidiform mole, even following chorioadenoma 
destruens, BAGSHAWE's series seems tobe biased, and his concept of a continuum 
of increasing malignancy not justifiably applicable to the entire population of 
molar gestations. The histologic characteristics, growth patterns, natural history, 
and potential hazards of hydatidiform mole do not seem to warrant its classifi
cation as a "neoplasm". It would seem more accurate and appropriate to consider 
the lesion as one of trophoblastic hyperplasia, villous stromal swelling and hypo
vascularity, either without an embryo or associated with one which has suffered 
severely early in its development. 

Treatment 
Molar pregnancies and their complications have been treated by curettage, hystero

tomy, focal resections of uterine wall (chorioadenoma destruens), hysterectomy, and, 
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in recent years, chemotherapy (WILLIAMS; SMALBRAAK; DouGLAS; BREWER; HERTZ 
et al.; MANAHAN). The entire field of trophoblastocidal therapy was opened with a 
serendipitous observation of LI et al. in 1953. An antifolic agent, methotrexate, was 
administered to a young woman suffering from disseminated malignant melanoma, 
the latter associated with elevation of urinary excretion of chorionic gonadotropin; 
inexplicably, the urinary gonadotropin titer gradually declined after treatment began, 
becoming negative within the treatment period. Methotrexate, purine antagonists, 
and trophoblastocidal antibiotics, e. g. vincaleukoblastine, have nearly reversed the 
prognosis for female patients with chorionic neoplasms from almost certain lethality 
to probable remission, even eure, depending on the stage at which treatment begins. 
Because of the variations in biological behavior of hydatidiform moles and the efficacy 
of chemotherapy, such treatment has recently been advocated in instances of post
molar bleeding, uterine subinvolution, and persistent elevations of serum and urinary 
gonadotropins following evacuation of hydatidiform mole (BAGSHAWE). VoJTA & 
JmASEK have reviewed this subject recently and advocate vacuum aspiration of the 
molar material as the therapy of choice. If a suspicion of malignant changes exists 
then treatment with methotrexate may be indicated. These authors also review fre
quency figures and find that histologic grading of moles with respect to malignancy is 
impractical. 
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XIII. Tumors of the Placenta 
With the exception of the rare tumors of the umbilical cord, only two tumorous 

processes occur in the placenta, one of which, the chorioangioma, may not represent 
a true neoplasm. In contrast, the chorionepithelioma or choriocarcinoma is a truly 
malignant neoplasm of the chorionic epithelium, the trophoblast. In most reports 
dealing with neoplasms of the placenta, particularly the larger reviews (BRIQUEL; 
MEYER; HERTIG & MANSELL; SMALBRAAK), the hydatidiform mole is also included 
as a tumorous condition. We do not share this view, but regard the molar swelling of 
villi as a degenerative change and the occasional sequel, the development of a chorio
carcinoma, as a basically unrelated outcome of this degeneration. To accentuate this 
distinction, we have chosen to separate these conditions in this review and hope that 
it will serve to promote investigation designed to elucidate the possible etiologic con
nections between the two processes. 

A. Chorangioma 

Compared with the enormous literature which has accumulated on the subject 
of the chorionepithelioma., that concerned with the vascular and connective 
tissue tumors is much more limited. This does not refiect the relative incidence of 
these two diseases, however, the angiomata being doubtless much more frequent. 
Rather, it is indicative of our interest in the clinically and pathologically fascinat
ing neoplasms of the chorionic epithelium as well as their importance because of 
the frequent malignancy. On the other hand, it should be pointed out here that, 
while chorangiomas may be only very rarely the cause of matemal mortality 
(from toxemia after the development of hydramnios), their association with fetal 
abnormalities or fetal death (or their cause of fetal deaths) certainly exceeds the 
frequency of matemal deaths from choriocarcinoma. Thus, STRAKOSCH in a com
prehensive review, finds a 35% fetal mortality with chorangioma. Forthis reason 
it is felt that more inquiries into the complexities of this lesion are warranted. 

Nomenclature 

In his extensive monograph on placental tumors, BRIQUEL summarizes various 
characteristics of 52 such tumors reported to 1903 and comments on the large variety 
of synonyms. He supports DIENST who suggested that morphologically identical tu
mors, but described as fibrous myxoma, fibroma, angioma, hyperplasia of fibrous 
stroma etc., should all be classed as angiofibromyxoma of the chorion. Likewise, the 
term chorioma is rejected as too easily confused with the epithelial tumors. Occasion
ally, the term placentoma, used for the individual unit of the ruminant placenta, has 
been mistaken as connoting a similar neoplastic lesion. 

The reason for the great variety of synonyms given this tumor stems from the fact 
that its basic components (blood vessels and fibrous tissue) are not only present in 
different proportians but the degree of their differentiation varies as weil. Thus, in 
some tumors, masses of endothelial cells predominate (endothelioma), in others, 
sinusoidal spaces are most obvious (cavernous angioma); in some, the fibrous tissue 
elements are held responsible for the mucoproteins found (myxofibromas); in others 
still, the fibrous tissue participation in the composition of the tumor is impressive 
(fibromas). Finally, the frequent degenerative changes (infarction, fibrosis, hemorrhage) 
which are found, particularly in larger tumors, add to the complexity of structure, 
even within one and the same tumor nodule. Because of the usual predominance, at 
least invariable presence of the vascular component of these lesions, we feel that the 
name chorangioma or chorioangioma (BENEKE) is the most suitable. It is also the 
term which has been used most frequently in recent years (see also MARCHETTI). 

lncidence 

The number of cases reported (DECOSTA et al. find over 250; STRAKOSCH has 
245) poorly refiects the true incidence of the lesions in that a majority goes un-
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reported or undet.ected. SIDDAL has found them in 1% of his placentas and DuNN, 
who finds them to be slightly more common, combines his results with those of 
SIDDAL to arrive at a frequency of 1.2% of consecutively st.udied placent.as. 
KLAFTEN refers to aut.liors who give figures up to 1:20,000 pregnancies, THOMAS 
has 1 in 5,000 births. In a recent systematic study of the subject. WENTWORTH 
finds 8 chorangiomas in 620 consecut.ive placentas st.udied by his large section 
technique, an incidence of 1: 77. The reason for t.hese discrepancies lies in the great 
variat.ion in size of chorangiomas and it. reflect.s the intensit.y with which t.hey are 
sought in ot.herwise apparently normal placentas. Smaller tumors are undoubtedly 
much more common t.han is appreciated, while large ones are rare. Occasionally, 
they can be seen only microscopically (Fig. 285) and then it. is uncertain whet.her 
t.he term tumor applies. BENSON & JosEPH have probably described one of the 
largest t.umors which weighed 542 g after fixation and measured 16.6 X 10 X 6 cm. 
MARCHETTI ment.ions sizes up to 22 cm, EARN & PENNER's second case had a 
600 g t.umor on a stalk. Many aut.hors refer to the multiplicit.y of tumors occasio
nally found, occurring in one sixt.h of the 52 cases reviewed by BRIQUEL. 

Morphology 

The majority of chorangiomas is found wit.hin the placental tissue itseJf, the 
larger ones bulging on the chorionic surface and being located beneath the amnion 
and chorion. In some cases, however, it. is not clear whether the chorionic mem
brane covered the tumor as well. Thus, in WILLIAMS' case, a separate sac is men
tioned; in DUNN's first case, the tumorwas locat.ed in t.he membranes and only 
amnion is mentioned as covering it, and no t.rophoblast is described. In ot.hers, the 
lesion appeared at.t.ached t.o the cord. Thus, case 21 of BRIQUEL's list. and t.he case 
of BARRY et al. (lit.) are lesions which seem to have arisen from vessels in the cord 
to which the tumor was at.t.ached by a pedicle. The lat.t.er t.umor was on an 8 cm 
pedicle, it. was enclosed in membranes and cont.ained no chorionic elements. These 
authors express t.heir opinion t.hat. this tumor did not represent. at. one time a 
succenturiate lobe but rather that it represents a true neoplasm, a hemangioma 
of the cord. These tumors of the cord are of some importance in considerat.ions 
regarding t.he morphogenesis of chorangiomas (v. i.). 

Many authors describe the t.umors as moresolid (meat.y) than t.he remainder 
of t.he placent.a (Figs. 280-282); its color varies from a deep purple to a pale pink
whit.e as shown in color phot.ographs by DECOSTA et al. Because of thrombosis of 
vessels or insufficient. circulat.ion in a very large t.umor, degenerative changes are 
frequent.. Calcificat.ion, infarction, hemosiderin deposition are ment.ioned by many 
aut.hors ( e. g. BRIQUEL; DuNN) and areas of fibrosis are invariably found in larger 
specimens. The predominant t.issues are usually endot.helium-lined vascular spaces 
which are surrounded by fibrous tissue. Mucin is not always dernonstrahle (DUNN) 
but. its absence does not. mit.igate against t.he assumpt.ion that the connective 
tissue has similar potential as t.hat of the umbilical cord. n is possible that the 
hist.ologic demonst.rat.ion of mucoproteins reflect.s not only t.he "maturit.y" of a 
t.umor and it.s lack of degenerative changes but. also it.s ult.imat.e sit.e of origin 
(viz. main stem villous trunk, or terminal villi). In some tumors, the vessels are 
ext.remely dilat.ed; in others, their lumina are hardly visible and an endot.helioma
tous pict.ure predominates (Fig. 283). This, together with the demonstration of 
mitoses in some cases {WILLIAMS), may be the reason for the designation "sar
coma" by HYRTL, although it is cert.ain now that. t.he chorangioma invariably 
pursues a benign course (STRAKOSCH). The older except.ions t.o t.his rule have been 
reviewed t.horoughly by CARY who rejects all of the cases. On the other hand, he 
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hirnself describes a tumor (6.5 X 4 X 3 cm) which he believes tobe truly malignant 
and WILLIAMS supports this view. The temporary acceptance of this case as sar
coma is based entirely on the reputation of the reviewer, however. Mother and 
baby remained weil , the tumorwas a typical chorioangioma with much infarction, 
fibrosi.s and calcification. No pictures are provided and the description is in con
sonance with the more cellular variety discussed. Moreover, MARCHETTI states 
that later Williams believed the tumor to be a simple chorioangioma. 

Fig. 280. Large chorangioma at top of 34 week placenta previa accreta with little infarction ( white) and !arge 
vascular supply from chorionic vessels of normal placenta. Hysterectomy specimen. No hydramnios. Mentally 

retarded infant, now 13 yrs. old. No fetal hemangiomas known. 

In a majority of cases, the tumor appears lobulated and, indeed a resemblance 
to villi with hyperplastic vessels (Figs. 284, 285; DUNN and others) is often appar
ent. Most writers mention the fact that the angiomatous nodules are covered 
with traphoblast which may be prominent in its crevices and which may seem to 
be "included" in the center of tumors on some sections. As the tumor grows, these 
apparent islands of traphoblast may weil atrophy and be replaced by fibrous 
tissue. It should be mentioned, however, that curlously the placenta Iacks the 
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ability to produce granulation tissue (DUNN) and it remains speculative whether 
such lobules, formerly separated and covered by trophoblast, would "grow to-

Fig. 281. Bulging, meaty nninfarcted chorangioma at left of mature placenta, partial circumvallation at right. 
Normal pregnancy and fetus . 

Fig. 282. Partially infarcted small (1 cm) solid chorangioma in center of otherwise normal maturc placenh\. 
Fetal surface above. This lesion is easily mistaken for an infarct. 
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gether" by this means when degenerative events have taken place. The deficiency 
of traphoblast in some tumors (those attached to the cord), may be reason enough 

Fig. 283. Solid chorangioma (2.5 cm) in immature placenta at 29 weeks consisting almost completely of endo
thelial cells with few vascular channels filled. This type of lesion has been interpreted in the past as sarcoma. 

The surface is covered by trophoblast. (H & E x 170). 

Fig. 284. Lobulated chorangioma, Intermixed with normal villi of term placenta. Distended capillaries lie in myxo· 
matous connective tissue. (H & E x 40). 

Handbuch der pathologischen Anatomie VII/5 31 



482 XIII. Tumors of Placenta 

toseparate these as a distinct entity, angioma ofthe cord vessels. When the tumor 
is small and embedded in the placental tissue, usually under the chorion, it may 
easily be mistaken for an infarct or an area of old intervillous thrombosis (Fig. 
282). Occasionally, chorangiomas have been reported in twin placentas (BRIQUEL 
4 cases; CoNWAY & BARONE 1 case, near the cord on a pedicle) and a variety of 
other placental anomalies (circumvallation, placenta previa, marginal or velamen
tous insertion of cord, etc.) has been described or is shown in photographs inciden
tally (Fig. 281). No consistent associated placental anomaly can be uncovered, 
however, when such an attempt is made by reviewing the reported cases. 

ll 

Fig. 285 a. Chorangioma. Weil differentlated capillaries with benign endothelium are embedded in retlculocytic 
stroma. a) 150x b) 250x (MB 297/66 Patholog. Inst. Zurich). 

Association with Hydramnios, and Fetal Cardiac Load 

It has been noted by most authors that chorangiomas are frequently associated 
with, if not the cause of hydramnios during pregnancy. Indeed, ÜLARKE who is 
reputed to have described the first case in 1798, found already an excessive amount 
of amniotic fluid and DECOSTA et al. pay special attention to this association. These 
authors and MciNROY & KELSEY review the frequency with which hydramnios 
has been reported. They estimate that approximately one third of the cases of 
chorangioma is complicated by hydramnios, at times in large quantities (up to 



XIII. Tumors of Placenta 483 

6,000 ml- KLAFTEN}. SIDDAL considers that the principal correlation with hydram
nios depends on the size of the tumor, although KüHNEL has later differed with 
this view. KLAFTEN finds that the location of the tumor is of importance in this 
respect; the closer it is to the umbilical cord the morefrequent hydramnios occurs. 
He believes this to be so because of its interference with the larger fetal vessels 
which is thought to cause increased resistance to blood flow with greater transuda
tion of fluid. KLAFTEN finds no evidence to support Hinselmann's assumption 
that the increased amniotic surface (because of the bulge) could be held responsible 
for the excess amniotic fluid. To date, the actual cause of hydramnios (and with it, 

Fig. 285 b 

the toxemia of pregnancy and premature Iabor) in chorangiomas is not settled and 
no direct studies to elucidate its etiology have been made. A few facts, however, 
are pertinent in attempts at understanding the association. 

If one takes out of the series those cases in which fetal anomalies may be the reason 
for the hydramnios (e.g. anencephali), then the majority of chorangiomas which were 
associated with hydramnios have been relatively large masses. They were either on 
the placental surface or, as in the cases of BARRY et al. and MoiNROY & KELSEY, they 
were attached to the cord by a long pedicle. Particularly the former case rules out 
that an active participation of traphoblast is causing an excess of water transfer. 
Several authors have referred to the vascular tu mors as "dead space", i. e. dead so far 

31* 
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as metabolic exchange with the mother is concerned. Nevertheless, the angioma still 
needs to be circulated by the fetus unless it is to undergo infarction. This additional 
circulation, over that of the usually normal sized placenta, undoubtedly places a 
burden on the fetus' heart and MclNROY & KELSEY draw an analogy to the trans
fusion syndrome in twins. While their comparison is not entirely applicable, one could 
compare the tumor with the additional resistance an acardiac fetus may offer to the 
fetal circulation of a normal twin and BENSON & J OSEPH liken it to the existence of an 
arteriovenous fistula. The existence of such an arteriovenous aneurysm has recently 
been demonstrated in a chorangioma by REINER & FRIES. The child had slight car
diomegaly but no hydramnios accompanied the pregnancy. They urge that increased 
attention be paid to this association of fetal cardiomegaly and chorangiomas and dis
cuss competently the pertinent literature. Cardiac failure has been reported when 

Fig. 286 Diffuse chorangioma of placenta. HE, 37 5 x (MB 4492/65 Path. lnst. Zurich). 

large angiomas were present in the fetus (CoHEN & SINCLAIR). The extremely large 
tumor of BENSON & JoSEPH was associated with hydramnios and the baby, who died 
in 69 hours (1,600 g) had cardiac hypertrophy (21 g vs. 10.8 g expected) for which no 
other reason could be found than the existence of a large chorangioma. This ex
cessively large vascular surface, if located on the fetal surface, we feel can also ad
equately account for an excessive transfer of fluid. This is particularly true if it is 
realized that only a very small increment over the normal fluid exchange between 
fetus and amniotic fluid is necessary in order to produce hydramnios (PLENTL). Such 
a mechanism could readily take place even in the absence of venous obstruction 
(KÜHNEL), an inereased amniotic surfaee because of the bulge of large tumors, or 
mechanical interferenee with large vessels (KLAFTEN; CoRKILL). DECOSTA et al. believe 
that the reason for the Iack of hydramnios in occasionallarge tumors is their different 
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location, assuming KLAFTEN to be correct. FISHER's first case is a case in point: the 
14 x 11 cm tumorwas said tobe unassociated with hydramnios and EARN & PENNER 
describe two smaller tumors (Case 1 and 4), also without this complication but give 
little details. Perhaps it is necessary for some degree of fetal cardiac failure to take 
place before hydramnios accumulates on a hydrostatic basis. This mechanism may 
also account for the stillbirths which are reported as due to chorangiomas (see review 
by DECOSTA et al.). BENSON & JosEPH may not be correct when they assume that 
the edema and other signs of congestive failure which developed in the infant they des
cribe bore no relation to the placental tumor. 

Unfortunately, in almost aH case reports, the size of the fetal heart is not given 
so that no statement can be made with respect to the likely possibility of frequent 
cardiac failure in chorangioma. In FISHER's weH illustrated case, theinfantwas 
weH, the tumor excessively large, bulging (5.5 cm) above the surface and it was 
closely approximated to the insertion of the cord. While it was hemorrhagic in 
areas, it was not completely infarcted and if size, location and bulging were the 
necessary prerequisites for hydramnios, this pregnancy should have been compli
cated by it. Further support for heart failure as an etiologic moment for hydram
nios from chorangiomas comes from the second case of EARN & PENNER. In this 
remarkable case, a 3,300 g macerated stillborn was delivered to an hydramneic 
Rh-positive woman; the placenta contained a 14 cm (600 g) chorangioma which 
was attached to its margin by a 5 cm cord-like pedicle whose artery and (calcified) 
vein communicated directly with the cord vessels. Of interest is their hydropic 
placenta (850 g, photographs) without nucleated red blood cells or other evidence 
for hemolytic disease. We consider this instance also due to fetal cardiac failure, 
here causing intrauterine death. Unfortunately, the size of the fetal heart is not 
related in the article. MARCHETTI discusses the possibility that the association 
with hydramnios may be coincidental without giving firm support for this con
clusion. 

Other complications 

Dystocia is reported to be caused by occasionally large tumors. Older authors dis
cuss postparturn bleeding and, more uncommonly, premature placental separation in 
the absence of toxemia (CARY). HEGGTVEIT and his colleagues draw attention to the 
possible association of chorangioma and toxemia of pregnancy, a complication which 
also occurred in three of the eight cases described by WENTWORTH. This author also 
finds five babies tobe underweight for their maturity. MARCHETTI believes that post
parturn hemorrhage may have been seen in cases where a submucous uterine leiomyoma 
was embedded in the placenta and which was mistaken for an angioma and refers to 
pertinent case reports. Such a case in which a focal placenta accreta was found over 
the leiomyoma is shown in Figure 10. It is readily distinguished from chorangioma on 
histologic study. Other than cardiac hypertrophy and possible decompensation dis
cussed above, an increased fetal mortality (prematurity) and anomaly rate have been 
cited (THOMAS; STRAKOSCH). This has been considered in greater detail by DECOSTA 
et al. who also draw attention to the fact that fetal hemangiomata are not uncommonly 
associated with these placental tumors. Often this is probably not reported and in 
other cases of fetal angioma one wonders what the placenta might have shown. One 
infant in their report without hemangioma had two siblings with }arger angiomas of 
the skin. Likewise, cardiovascular anomalies of the infant are apparently more com
mon in cases of chorioangioma (DECOSTA et al.; BENSON & JosEPH; BARRY et al.). 
In this respect, we saw a fetus with true coarctation of the aorta recently in whose 
placenta there were 12 discrete chorioangiomas measuring up to 2 cm in size. These 
possible relationships will have to be studied further in the future, possibly also by 
examining animal material in which, to our knowledge, only a very few such lesions 
have been described. STRAKOSCH cites only two cases in cows and one in a dog. -
CoRCORAN and MuR:FHY have recently described a large chorangioma in a cow which 
was associated with an excess amount of fluid. These authors also collect the scant 
literature. 
GRUENW ALD describes a placenta with numerous chorangiomas and relates them to 
chronic fetal distress. (See also WENTWORTH.) 
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Morphogenesis 

Neither the cause nor the exact morphogenesis of chorioangiomas is known, 
despite many extrapolations in various publications. It is certain that the tumors 
derive their blood supply from branches of the fetal vessels and, because of the 
distribution of some large vessels to some of the larger angiomas, including those 
on a cord-like pedicle (see Figure 47A of PoTTER; EARN & PENNER; MCINROY 
& KELSEY; BRIQUEL and others), one must assume that some have been present for 
a long period during fetal development. It is of interest though that chorangiomas 
are most uncommonly reported in abortions. JAVERT (p. 153) finds no tumors in 
his 2,000 carefully studied abortuses, only once did he see a "localized hemangioma 
in the villi. Perhaps this represented a local area of angiectasis". The only other 
early cases are those ofSULMAN & SuLMAN (at 5 months, no description; placental 
detachment and elevated gonadotrophin titers thought to be due to the lesion), 
EARN & PENNER (5 mos. abortus, 2 mm. subchorial tumor) and BENIRSCHKE 
& BoURNE (incidental finding, 2.5 cm beneath cord, 29 weeks gestation, size of 
fetus 22 wks.; Fig. 283). KLAFTEN, as well as other authors have considered that 
the tumors may derive from vessels which have not reached the main stem villi, 
a notion which has been discarded, as has also the former assumption that endome
tritis may play an etiologic röle. In almost all recent publications, the tumor has 
been considered to be of hamartomatous nature (discussion by MARCHETTI; 
STRAKOSCH; DuNN and others) while a minority feels that it represents a true neo
plasm. This difference is difficult to define, as MARCHETTI has expressed beauti
fully and it is probably unimportant. What may be of future academic interest is 
to learn whether the lesions should be considered malformations, as fetal angiomas 
might be. Such classification may be more logical in view of the frequency with 
which fetal angiomas and other anomalies are associated; in view of the fact that 
some chromosomal disorders (trisomy D1 - SMITH) have been shown to be asso
ciated commonly with angiomas (not placental) and because of the structural 
similarity ofthe angiomas ofthe cord (PoTTER Fig. 47B; BARRY et al. and others) 
which probably preclude a chorionic villous origin. The lobular, often grape-like 
nature of chorangiomas and their usuallocation under the chorionic plate, suggests 
that excess vascular proliferation in large villi may, at times, be the mechanism 
of origin. This is particularly true of smaller angiomas (Fig. 285; EARN & PENNER 
case 5) and the morphologic character may also vary, depending on the time of 
original departure of this development from normal. The underlying reason for 
this abnormality is ill-understood. At present there is no indication that compen
satory or degenerative mechanisms are involved although the sporadic association 
with other placental anomalies might suggest this. In particular, teleangiectasis 
on the basis ofvenous stasis (BENEKE, DIENSTand others) or aging have been sug
gested and ruled out by DuNN who gives the matter of morphogenesis careful 
consideration. The differentiation of chorangiomas from teleangiectasis becomes 
important when the so-called chorioangiomatosis (v. MEYENBURG) of the placenta 
is considered. In this condition, all villi appear enlarged ("hypertrophied") and 
they contain an excess number of fetal vessels which may be considerably dilated. 
While chorioangiomatosis is apparently uncommon, several good cases have been 
described. PoTTER (Fig. 31) refers to this as hypertrophy of the placenta and dis
cusses the increase of vascular spaces (25-50 per villus) in her specimen, relating 
the lesion to chorioangiomas. HöRMANN calls it chorioangiosis and believes that 
the disturbed "fetalization ofthe chorion", as he calls the phenomenon ofvascula
rization, relates directly to the development of the chorioangioma, the latter being 
the focal expression of the former, and multiple angiomata (lit.) being the inter-
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mediate forms (see also THOMAS). Usually, intrauterine death with a much enlarg
ed placenta occurs in the fourth or fifth month of pregnancy in "chorionangiosis", 
but HöRMANN describes a term pregnancy {2,350 g fetus) with a 1,600 g placenta. 
MARCHETTI differed with this interpretation, believing that chorioangiomatosis 
represents merely angiectasis of villous vessels. While this may hold for some cases, 
the photograph provided by POTTER is difficult to explain on this basis. 
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B. Chorionepithelioma (Choriocarcinoma). 
The onl;v malignant neoplasm of the placenta arises from the chorionic epithelium. 

as numerous sturlies have now proven. This distinction, the old argument of fetal vs, 
maternal origin of the trophoblast, has been reviewed in great detail by R. MEYER 
and, in a historical vein, more recently by ÜBER & FASS. The only modern author 
still entertaining its derivation from maternal elements is GoRDON who considers it 
to originate from ovarian granulosa cells. The tumor has, at times, perplexing patho
logical and clinical behavior. Several summarizing and analytical theses have been 
written in recent years (R. MEYER; MATIDEU; HERTIG & MANBELL; SMALBRAAK; 
ÜBER) which in themselves are so comprehensive that the reader is referred to these 
and BRIQUEL's older book, rather than finding yet another complete review in these 
pages. What is intended here is to bring up to date the Iiterature of the past years 
since these reviews were written and to emphasize those aspects of chorionic malignan
cies which are currently in the focus of investigation. 

Definition 
A chorionepithelioma is an invasive neoplasm, composed solely of cyto

trophoblast and syncytial trophoblast, and having an exceptional propensity 
for vascular dissemination. It occurs principally as a complication of pregnancy, 
arising from the normal or altered placental tissue. On rare occasions it has been 
described in nulligravid women andin males (FINE, SMITH & PACHTER; FRIED
MAN), probably arising then from teratomas or primitive germ cell tumors. On 
occasion a choriocarcinoma develops in sites and under circumstances which 
prevent accurate assessment of its relationship to a possibly preceding pregnancy. 
Thus, TURNER et al. describe an ovarian tumor which is assumed to have followed 
an ectopic pregnancy but this could not be proven. Only the pregnancy-related 
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choriocarcinoma will be discussed in this summary, a tumor which must be regard
ed as a tissue homograft, since it arises from the fetal zygote (the placental 
chorionic epithelium) and disseminates usually in the mother. 

Choriocarcinoma is an uncommon tumor, the remarkable feature being, however, 
that its incidence is geographically (probably not racially) quite variable. While other 
malignant neoplasms also have striking geographic di:fferences (e.g. hepatoma, carci
noma of breast, esophagus, etc.), the environmental factors leading to the development 
of these tumors are better understood. Whether similar enviromnental circumstances 
a:ffect the evolution of choriocarcinoma is as yet unknown. This represents an im
portant and challenging field of inquiry. A priori, analogies between this tumor and 
other cancers are particularly difficult because of the lack of the long latent period 
of cancer development, usually ascribed to nonchorionic malignancies. However, the 
evolution of choriocarcinoma may also proceed over a Ionger period of time, as has 
been described on rare occasion. 

A review of the Iiterature concerning the frequency of this tumor indicates an 
astonishingly wide range of figures. These are summarized by SMALBRAAK. Most 
authors compute their incidence per live births of the same population, or they 
give their total experience with this tumor over a certain period. KIMBROUGH 
finds 1 case in 4,167 deliveries, while JoNES estimates it as 1:70,000 deliveries, 
both reporting from USA populations. The actual incidence is unknown and 
figures are biased for several reasons: many tumor cases are referred to certain 
authorities, the diagnosis is made according to variable standards (see HERTIG & 
MANSELL; NoVAK & SEAH) and some as yet unknown factors probably influence 
the occurrence ofthisrare tumor. MATHIEU also considers this a purely didactic 
point and stresses that, while the tumor is not frequent, it is by no means rare. 
By 1937 there had been reported well over 1,500 cases and with the revival of 
interest in recent years, many more cases have been documented. 

Of even greater interest has been the attempt, by various authors, to relate 
the incidence of choriocarcinoma to possible antecedent events, more particularly 
to the occurrence of hydatidiform mole, abortion and normal pregnancy. Thus, 
HERTIG correlates the incidence from the 200 cases of hydatidiform mole collected 
from the USA and his personal experience at the Boston Lying-in Hospital: 
1 hydatidiform mole arose in approximately 2,000 pregnancies. Choriocarcinoma 
was preceded by a.mole in 50% of cases, by an ectopic pregnancy in 2.5%, by an 
abortion in 25%, and by anormal pregnancy in 22.5%. He further derives from 
these figures that a chorionepithelioma was found once in 40,000 total pregnancies 
or once in 160,000 normal pregnancies. These relationships are depicted in E.'igure 
287 which is taken from HERTIG's review. It is in striking cantrast to the incidence 
figure of 1:26,000 pregnancies given by ScHUMANN & VoEGELIN, referred to by 
HERTIG as representing an accurate study from a defined population, and differs 
also from later figures compiled by SMALBRAAK. This author, quoting NovAK 
in support, endorses the view that chorionepithelioma does not follow hydatidi
form moles much more frequently than in 1% which is still a much higher incidence 
than that expected following abortians or normal pregnancy. This statistical 
relationship between molar degeneration of the placenta and the occurrence of 
chorionepithelioma has led many authors to consider these abnormalities of 
pregnancies summarily as those of trophoblastic new growths (see MATIDEU}, a 
view which is not shared by us. Consequently, molar degeneration is dealt with 
entirely separately in this contribution. 

A much higher incidence of chorionepithelioma has been reported from other geo
graphic regions. AcosTA-SISON (1963) has been most instrumental in drawing this 
regional di:fference to our attention and suggests an incidence of 1 in 1,382 pregnancies 
in the Asiatic population she studied. It is emphasized that this increased incidence 
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prevails in China, Indonesia, Japan and India, but that it pertains only to the poor 
population. Moreover, a relatively high age of the affected women is reported. Hou & 
PANG report an incidence of 1 in 3,708 pregnancies from Hong Kong and ÜETTLE, 
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Fig. 287. The frequency relationship of chorionepithelioma to its various precursors as suggested by HERTIG & 
MANSELL. (With permission by the authors and publishers. From: Tumors of the Fernale Sex Organs. I. Hydatidi
form Mole and Choriocarcinoma. Atlas of Tumor Pathology. Armed Forces Institute of Pathology, Washington 

1956.) 

in a cautious review of statistical and personal data, finds that in the African Bantu 
1 chorionepithelioma is found in 7,440 registered births, an apparently marked excess 
when compared with the other colored and white pregnancies in South Africa studied 
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by this author. Of further great interest is that ÜETTLE finds no undue excess of 
hydatidiform moles alongside the chorionepithelioma of the Bantu, a factor which 
should attract future studies of similar nature, since it contrasts with AcosTA-SISON's 
( 1949) original finding of a corrollary increase of moles in Philippinos (0.8% incidence ), 
a view reiterated by MANAHAN et al. from the same region. STEINER adds to this list 
by describing a greater incidence of choriocarcinoma in the Mexican population, 
referring to various other autopsy or histologic studies from Africa, Japan and Ceylon. 
His material derives from Los Angeles where "5 cases were found in 9,911 necropsies 
on Caucasoid fema.les (0.05 per cent) who had 1,991 cancers (0.26 per cent); four 
examples were observed in 2,817 necropsies on Mexican females (0.14 per cent) in 
which 290 cancers were seen (1.4 per cent); no chorionepitheliomas were observed in 
1,044 necropsies on Negroid females (290 cancers) or in 61 autopsies (10 cancers) in 
Japanese females. The greater nurober in Mexicans than Caucasoids is statistically 
significant." But later this author cautiously states "it is impossible to declare whether 
the apparent high frequency of chorionepitheliomas in Mexican, Filipino, and Ceylonese 
women is hereditary or environmental." One could hope that a study of Chinese 
immigrants to the USA might resolve some of the questions regarding hereditary or 
environmental factors in the genesis of this tumor. Drs. E. W. Overstreet and T. Hum 
have consequently searched through the records of the Chinese Hospital of San Fran
cisco (90% Chinese population, immigrants or Americans) and find an incidence of 
1: 2,000 pregnancies for hydatidiform moles and the occurrence of chorionepithelioma 
was so rare as to preclude obtaining a figure on its incirlence (personal communication, 
1964). WEI & ÜUYANG report a frequency of 1:496 deliveries for choriocarcinoma in 
Taiwan (Formosa) while that of moles was 1: 125 deliveries. Hsu and coworkers 
present another useful summary of their experience with 22 choriocarcinomas, 22 cho
rioadenomas destruens, 148 hydatidiform moles and 1 syncytial endometritis in 
Taiwan and review various previous reports. Abortion or term pregnancy preceded 
choriocarcinoma rarely, while in 27.2% chorioadenoma destruens was preceded by 
abortion and had an unusually favorable prognosis. Older matemal age and mal
nutrition are emphasized. 

The difficulties of direct comparison of data have been discussed in detail 
in the study reported by I VERSON and representing the initial results of a group of 
collaborators wishing to define the nature of the higher incidence of this tumor 
in the Asiatic countries. Several pertinent results are given by this group which 
will here be summarized: 1) while in the files of the A.F.I.P. (Washington) there 
was an excess of choriocarcinomas in Asiatics, when only U.S. patients were 
considered, the 195 cases were distributedas is the remainder of the U.S. popula
tion (90% white, 10% negro). 2) The average ages of Asiatic women with chorio
carcinoma (33), moles (32) and chorioadenoma destruens (32) were significantly 
above those of the control U.S. population with the same illnesses (28, 25, 25). 
3) "Abnormal pregnancies that are pred01ninantly abortians in both series arenot 
associated with the relatively higher frequency of trophoblastic tumors in the 
Asian women as compared to the United States women studied in this series". 
4) Hospital frequency of hydatid moles in Asia is 1:200-250 deliveries; similarly, 
the true incidence of choriocarcinoma lies between l : 250-3,708 deliveries in Asia. 
5) The tumor may also be more common in Turkey and Iraq. 

The association with a higher maternal age has been brought out by several 
other previous studies. Thus, REWELL refers to MARSDEN's study of Indians and 
Chinese of Malaya (the tumorwas three times more common in the Chinese) and 
their higher maternal ages. He also quotes KAESER as having found a "linear 
increase in the incidence of hydatidiform moles from 25.30 per cent. at the age of 
20 years to 50 per cent. at the age of 40". This contrasts with a recent study of 
Mexican women (MARQUEZ-MONTER et al.). in which the 1:200 frequency ofmoles 
was highest in young women, the average being 26 years and undernourishment 
was considered a possible etiologic factor. These authors refer to other studies of 
mole frequencies from Brazil (1:1,071), Chile (1:829), Guatemala (1:670) and 
Mexico (1: 400), but no frequencies for chorionepithelioma are given. Similar 
socioeconomic implications are made by MANAHAN et al., however, the possible 
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relationship to inbreeding (greater genetic similarity between husband and patient, 
see ScoTT) is not considered in these studies. 

In summary, the incidence of chorionepithelioma is greatly variable in 
differing geographic areas. The studies cited suggest that this is not due to racial 
(i. e. hereditary causes) but relates to socioeconomic factors (? protein-under
nourishment, other deficiencies) and differences in age distribution. However, no 
specific causal relationship is yet established to the development of choriocarcino
ma. Those authors who incriminate a virus etiology (e. g. NOTARE) consider 
differences in susceptibility or rate of infection as the reason. The differences in 
incidence surely reflect a true phenomenon and are only slightly influenced by 
differences in diagnosis, reporting and hospital patient population in the various 
countries reporting. 

Macroscopic, Radiologie and Microscopic Features 
This spectacular lesion has always interested pathologists and for this reason 

numerous descriptions are available in the reference works cited at the beginning 
of the chapter. In particular, the profuse illustrations in color and black and 
white in the monograph of HERTIG & MANSELL serve to characterize the appearance 
of the tumor. More often than not, chorionepitheliomas are friable hemorrhagic 
lesions which, presumably because of their rapid growth, tend to be spherical. 

Fig. 288. Metastases of choriocarcinoma following third hydatidiform mole. Uterus was free of trophoblast. 
Enormously enlarged Ii ver with !arge lesion in the center of left lobe which was the site of massive intraperitoneal 

hemorrhage, treated surgically. 

The nodules are often spongy and, occasionally, they are septated by the pre
existing tissue elements which have been invaded. The tumor may be confined 
to the uterus but often it has already metastasized when it is first recognized and 
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many fatal cases have been described i.n which the uterus contained no remnant 
of tumor, the metastases then having the typical gross appearance (e . g. ARIAS & 
BERTOLI). Such a case was seen by us: 

A 27 year old negress who had had three pregnancies, all hydatidiform moles, 
conceived in two separate marriages. Three years after the last removal of a mole, 
by curettage, widespread metastases (lung, liver, duodenum) were recognized which 
caused death by exsanguination into the duodenum and, from the liver lesions (Figs. 
288, 289), into the peritoneal cavity. The uteruswas free of all trophoblastic elements 
and merely the cystic ovaries (see MEYER; MATHIEU; SMALBRAAK; others) were 
characteristic of the excess stimulation by chorionic gonadotropin from the tumor 
metastases. These consisted largely of hemorrhagic material, old and recent, and 
relatively little chorionic epithelium was present. 

Embryos are never found in either primary lesions or their metastases, and 
the finding of a villous structure is heldas evidence for the diagnosis of "destructive 
mole" or, 'less aptly termed, the "chorioadenoma destruens". The primary lesion 
of pregnancy-derived choriocarcinoma is almost invariably in the uterus, un
commonly it has been found in the fallopian tubes and we arenot aware of a case 
reported following abdominal (peritoneal) pregnancy although no decidual 
"barrier" (SCHOPPER & PLIESS) is present in these "placentas accreta". The case 
by TURNER et al. cited previously may represent the single exception. MADDEN 
reports the development of a large, fleshy mass destroying the right fallopian tube 
two weeks after the abortion of a tubal pregnancy in the sixth week of pregnancy, 

Fig. 289. Cross-section of Ii ver in Fignre 288 with friable , partially necrotic tumor mass in hepatic vein. Ruler 
lies within Iumen of vein. 

the uterine lumen being entirely normal and fatal metastases occurring. He refers 
to 42 previous cases (PETTIT), many of which, however, appear to have been 
"transitional moles" and he makes the point that, compared to the frequency of 
ectopic pregnancy, the sequel of choriocarcinoma in the tube is common and three 
times more frequent than the development of a tubal hydatidiform mole. The 
recent Iiterature on this topic has been collected by RIGGS et al. who report a case 
with survival, surely a rare event in view of the difficulties of early diagnosis. 

Radiologically, the pulmonary metastases appear also characteristically as round 
nodules, in the form of a "snowstorm" lesion or as vascular lesions when confined to 
intra-arterial growth (BAGSHAWE & GARNETT) but their radiographic visualization 
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alone is insufficient evidence for the diagnosis of choriocarcinoma. Hydatidiform 
moles with metastatic dissemination of molar villi have been described (e.g. DELFS) 
and cases are recorded in which such lesions have disappeared spontaneously with 
coincident drop in gonadotropin titers (REED et al.). EvANS and HENDRICKSE describe 
the pulmonary lesions of malignant trophoblastic disease, paying particular attention 
to the development of acute pulmonary hypertension. This complication occurred in 
12 cases and the authors warn against diagnostic curettage because of the danger of 
causing dissemination oftumor by this means (see also BAGSHAWE & NoBI,E). 

Microscopically, this tumor is always composed of both elements of trophoblast 
syncytium and cytotrophoblast, and only that. Many authors , particularly 
HERTIG & MANSELL and SMALBRAAK have drawn attention to the fact that the 
histologic appearance simulates very closely that of the early villous ovum 
(Figs. 290-291) and they have emphasized that competent observers have, on 
occasion, mistaken the trophoblast from a curetted early pregnancy for a chorion
epithelioma. NovAK & WooDRUFF make also a strong point that this differential 

Fig. 290. Normal placental floor of early pregnancy. Note broad sheets of trophoblast with little "anaplasia". 
(H&E x 40). 

diagnostic mistake has often led to erroneous frequency figures of the tumor and 
others have stressed that caution must be exercised when the diagnosis of chorio
carcinoma is attempted from curettings. It must be mentioned also that in many 
instances of choriocarcinoma the curettings produce no chorionic epithelial tissue 
and a false sense of security may thus be obtained which is not warranted when 
suspecting this tumor {HERTIG & MANSELL). This point has been made also in 
several excellent reviews considered by MATHIEU and, more recently by FREETH & 
McCALL. These authors review 21 previous substantiated cases and add another 
where metastatic choriocarcinoma must have arisen from a pregnancy of which 
no trace could be found in the uterus. The complete absence of embryoid bodies 
in all published cases and our own material is in strong contrast to the one tumor 
produced in an experimental animal, the nine-banded armadillo (MARIN-PADILLA 
& BENIRSCHKE). 
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It is now recognized that the syncytium derives, in a process of maturation, 
from the cytotrophoblast whose mitotic activity apparently constantly replenishes 
the supply of the giant cells, the ideally unbroken investment of the placental 
intervillous space. Consequently, in the chorionepithelioma, mitoses are found 
only in cytotrophoblastic cells and light microscopic (HERTIG & MANSELL) and 
electronmicroscopic studies (PIERCE & MmGLEY; WYNN & DAVIEs; WYNN) show 
that the epithelium recapitulates, in various ways and with different degrees of 
accomplishment, the trophoblastic shell of the early ovum. WYNN & DAVIES 

Fig. 291. Two different areas of traphoblast from Figure 290. Double-layered villous epithelium is seen in many 
areas. The solid cytotrophoblast and syncytium show no variability in nuclear morphology. (H & E x 125). 

find that the trophoblastic nuclei are relatively larger in the transplanted chorio
carcinoma they studied by electronmicroscopy but no essential differences were 
found to the descriptions of the fine structure of a choriocarcinoma from a patient 
at autopsy by W AKITANI. In general, the trophoblast resembled that of young 
normal placentas, phagocytic activity was found in some syncytial cells, the 
syncytium (Fig. 293) was much more highly organized than the cytotrophoblast 
(Fig. 294) and the authors describe a transitional cell ("intermediate type"). 
This cell (Fig. 295) has the light microscopic characteristics of cytotrophoblast 
and, electronmicroscopically, its nucleus had the higher concentration offine dense 
granules characteristic ofthe syncytium (Fig. 296). Also, the granular endoplasmic 
reticulum was dense and other organelies appeared which are typical of syncytium 
(Fig. 296). Nevertheless, distinct cell borders and desmosomes relate this cell 
closest to the cytotrophoblast. The differences in the structural organization of 
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Flg. 292. Choriocarcinoma of uterus. Solid sheets of anaplastlc cytotrophoblast, differentiating to syncytlum at 
left with blood in primitive "intervlllous" spaces at arrows. 

Flg. 293. Syncytial cell with numerous dllated spaces representlng channels of endoplasmlc reticulum surrounded 
by free ribosomes. At right is the junctlon with cytotrophoblastic cell showlng desmosome (D). Microvillous 
projectlon of syncytium below. (From WYNN & DAVIES, by permission of authors. x 15,000 Araldlte embedding, 

uranylacetate staining.) 
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this transitional cell which WYNN found in choriocarcinoma and hydatidiform 
moles perhaps account for the variety of staining characteristics of cytotropho blast 
observed by many authors in conventional histologic preparations. 

Fig. 294. Two cell types of cytotrophoblast. Top row has uniform oval nuclei, abundant ribosomes and few other 
cytoplasmic constituents. Below, the cells have !arger, irregular nuclel, more mitochondria. Both have clear cell 
borders with desmosomes (D). Eosinophil at top left. (From WYNN & DA VIES, by permission of the authors. x 5,600, 

technique as before.) 

The studies by PIERCE & MIDGLEY on transplanted choriocarcinomas also de
scribe the development and differentiation of trophoblast and they show the 
formation of an "intervillous" space, features equalled by all types of chorio
carcinomas, irrespective of their female or male, placental or testicular origin. 
The invasive qualities of the tumor are well represented by theinvariable ingrowth 
into maternal vessels and the blood found in the spaces which the tumor forms. 
Functional organization, save for the invariably central cytotrophoblastic core 
covered by syncytium (? due to induction) as in the placenta, never occurs and 
consequently, necrosis and thrombosis are constant pathologic features (Fig. 292). 
EHRMANN & GLISERMAN have recently again demonstrated in transplanted chorio-
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carcinomas that the tumor cells have phagocytic properties and ingest liver cells 
during the expansion of the metastatic tumor spread. BUR et al. have described 
the histochemical aspects of the tumor (v.i.). 

Fig. 295. Portion of intermediate cell type at right wlth numerous tonoftbrils, some attached to desmosomes (D). 
Numerous mitochondria; note irregular outline of nucleus with density of syncytium. (From WYNN & DAVIES, 

by permission of authors. x 22,000, technlque as before.) 

Parenthetically, it is worth mentioning that two events never take place in the 
growth of choriocarcinomas: the development of villous stroma with or without 
vessels and the formation of the peculiar cells of the placental basal plate and septa, 
the X-cells. If the cytotrophoblast, by delamination as discussed by HERTIG (1935), 
were responsible for the connective tissue core of the normally developing villi, one 
would perhaps expect similar phenomena to occur at times in the chorionepithelioma. 
Such has never been observed, although FRIEDMAN has specifically looked for it in 
testicular chorionepitheliomatous tumors. It may be necessary, as we personally 
believe it to be the case, that the embryo is present for this induction, or these con
nective tissue cells may actually be derived from embryonie mesoderm. PIERCE, 
MIDGLEY & VERNEY are the only authors who depict some questionable mesenchymal 
cells in a transplanted uterine choriocarcinoma which are conceivably trophoblast
derived. However, their hamster-host-origin cannot be excluded. Similarly, no chorionic 
cavity has been seen to be produced by these tumors whose cells, so it seems to us, 
have differentiated beyond the point of the possibility of producing embryoid bodies 
and related placental structures. The exception to this is the peculiar and therefore 
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perhaps different choriocarcinoma induced in the armadillo (MARIN-PADILLA & BE
NIRSCHKE). With respect to the disputed origin of the "X-cells" (see under cysts, 
and MORISON) of the placental floor and septa, the same may be said. Since no such 
cels are unequivocally present in these tumors, this may ronstitute one further 

argument in favor of their decidual (maternal) derivation, although one should also 
bear in mind that they could represent remnants of corona radiata granulosa cells 
which GoRDON considers to be the source of trophoblast. 

Fig. 296. Portion of syncytial cell. Irregular outline of nucleus (above) and its density are similar to the inter
mediate cell type of previous figure. Spaces represent dila ted channels of endoplasmic reticulum seen only in 
syncytium. They are surrounded by masses of ribosomal granules. (From WYNN & DA VIES, by permission of 

the authors. x 20,000, technique as before.) 

In contrast to the epithelium of the early villous ovum, many chorionepithelio
mas show striking cellular abnormalities which would arouse the pathologist's 
suspicion of the presence of a malignant neoplasm. These are, in particular, an 
often marked variation in size and staining quality (aneuploidy) of both syncytial 
and cytotrophoblastic nuclei.ln addition, unusually large sheets of cytotrophoblast, 
dissociated syncytium with less well formed brush border and often excessive 
vacuolation may be found. lndeed, these may occur admixed with more normal 
appearing tissue and SMALBRAAK has presented individual cases in which there 
was a great difference in the histologic appearance of the tumor of the same 
patient. The same features apply also to metastases. The most rigid criterion 
then for the diagnosis of chorionepithelioma is the isolated neoplastic and invasive 

32• 
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growth of only trophoblast, be it uterine alone or in a metastatic siteo If true villous 
mesenchymal cores are seen, and these may be difficult to differentiate from pre
existing fibrous tissue, the diagnosis is in doubt and chorioadenoma destruens 
must be entertainedo Of course, as HERTIG & MANSELL point out, the latter may 
co-exist with a choriocarcinoma and arbitrary classification becomes difficult, if it 
is useful. Chorioadenoma destruens should probably better be considered a pla
centa increta or placenta percreta of a molar pregnancy inasmuch as it does not 
fulfill the criteria of malignancyo Indeed, local complete excision may suffice in 
the treatment of this lesion (RUBIN) which endangers life primarily because of 
the potentially severe hemorrhageo 

Figo 297 0 Metastatic choriocarclnoma in II ver 0 Large mass of solid, lightostaining cytotrophoblast at left, covered 
by few syncytlal cellso (H & E x 160)o 

Choriocarcinoma in situ 
Problems of classification arise of course also with the concept of "chorio

carcinoma in situ" 0 DRISCOLL has recently described a minute lesion of a mature 
placenta which, by histologic criteria, is so different from any normal placental 
structure that we have no hesitancy in accepting it as a choriocarcinoma (Figso 298, 
299)0 Such should be expected to occur on occasion in view of the relative fre
quency of the development of chorionepithelioma following term pregnancyo 
DRISCOLL quotes the Ao MATHIEU chorionepithelioma registry as finding that one 
third of their cases is preceded by a term pregnancy, another third by abortion 
and one third by a hydatidiform moleo Her incidental finding was apparently 
without metastatic sequelae and one wonders how frequently such lesions may 
occur since this nodule was of such small size that it would easily have been 
overlookedo Moreover, complete placental examination with histologic study is 
still infrequently practicedo The other interesting features of this lesion are the 
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Fig. 298. Mature placenta wlth "choriocarcinoma in situ" (arrows). Hlstologically, thls lncldentally dlscovered 
lesion is indistingnishable from a typical metastatlc choriocarcinoma and blends wlth normal placental tlssue 
(H & E x 76). (From DRISCOLL; Choriocarcinoma: an "incidental tlnding" withln a term placenta. Obstet. 

Gynec. 21 , 96, 1963, with permission of the Editor.) 

Fig. 299. Same as Fignre 298, higher magnification. Pleomorphic trophoblast seemingly ansmg from villous 
surfaces (center) (H & E x 200). (From DRISCOLL, choriocarcinoma: an "incidental tlnding" within a term placenta. 

Obstet. Gynec. 21, 96, 1963, with permission of the Editor.) 



502 XIII. Tumors of Placenta 

deficiency of fibrin deposition, the patient's multiparity (gr. VII) and the identical 
blood groups of mother and child, all of which findings conform to the idea of an 
"immunological escape", if such were the basis for the development of this tumor 
(v.i.). Finally, it points to the fact that, in maturing placentas, the cytotrophoblast 
may still be capable of mitotic activity which is also supported by findings quoted 
by the author and the proliferative activity seen in some specimens of retained 
placental cotyledons. Figure 300 gives further evidence for this notion, a micro-

Fig. 300. Two areas of near-term placenta with numerous mitoses (arrows) in cytotrophoblast. Normal mature 
pregnancy. Courtesy Dr. J. Merriam. (H & E x 400). 

photograph taken from the placenta of an uncomplicated term pregnancy. 
Dr. J. Merriam recognized the astonishing nurober of cytotrophoblastic mitoses 
in this placenta and kindly permitted the inclusion of this case. WmGLESWORTH 
has recently presented evidence for a relatively frequent mitotic activity of cyto
trophoblastic cells of mature placentas. 

Metastases to Fetus 
Choriocarcinoma disseminates on occasion also to the fetus if it accompanies a 

term pregnancy. This gives further support for DRISCOLL's contention of the validity 
of her diagnosis "Choriocarcinoma in situ" in the term placenta she described. Four 
cases have come to our attention in which infants suffered from placenta-derived 
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choriocarcinoma metastases. They would seem to be of considerable potential im
portance in gaining an understanding of the immunologic consequences of this placental 
tumor. In the case of EMERY, the tumor of lung and liver of a 48 day old babywas 
histologicaily a chorionepithelioma and the interstitial ceil activity of the testis, not 
expected at this age, supports this contention. The mother remained weil. In the 
second case (BuCKELL & ÜWEN), the seven week old infant died with liver, rib and 
Iymph node metastases of a chorionepithelioma. The mother (a gravida IV, age 25) 
had bled since delivery and, at 10 wPeks post-partum, a hysterectomy was performed, 
foilowing which she remained weil. The uterus contained a typical choriocarcinoma. 
In the third case (MERCER et al.), the one month old infant had a lesion of the maxilla 
which recurred after excision and caused death at five months. The histology was 
that of a chorionepithelioma, and urinary gonadotropin titers reflected the recurrence 
of tumor. The mother suffered postparturn bleeding, and at hysterectomy (10 weeks 
p. p.) a chorionepithelioma was found. This metastasized to the lung and mediastinum, 
to cause death 7 months postpartum. In the fourth case (DAAMEN et al.), the gonado
tropin-secreting tumor occurred in mother and child about 5 months after delivery 
and both succumbed 8 months later. Unfortunately, in none of these cases is the 
placenta described and one can only presume that the lesion must have bcen larger 
and, at least to some extent, it must have invaded into villi and placental fioor, to 
cause the subsequent tumor spread. Then, cases have been described in which fatal 
choriocarcinoma, developing during pregnancy, did not disseminate to the fetus. 
Thus, McRAE discovered vaginal and pulmonary metastases, with hemoptysis and 
malignant cells in the sputum, during the 33rd week of a pregnancy. A normalliving 
child was delivered by hysterotomy, the mother expiring a week later from generalized 
tumor spread. 

Whether fetal hemorrhage can occur because of the possible existence of such a 
tumor within the placenta must await future study. BENSON, GoLDSMITH & RANKIN 
suggest that massive fetaltomatemal hemorrhage had occurred in their case. \Vhile 
the placenta was not studied, the patient developed ultimately postparturn chorion
epithelioma. Clearly, more weil studied placentas are needed to answer the many 
questions which arise from these pertinent reports. An unusual case of dysgerminoma 
with choriocarcinoma arising in the matemal ovary did not disseminate to the placenta 
although widespread metastases caused the patient's death 6 V:! months postparturn 
(LIEBERT & STENT). 

Histologie Grading and Prognosis 

The peculiar biologic qualities of chorionepithelioma, in particular its well 
established capacity to regress spontaneously or after treatment (EvERSON}, have 
cautioned pathologists in their attempts at classification and division of various 
histologic appearances with respect to possible prognosis. Since EWING (reviewed 
by MATIDEU} suggested that various features (preponderance of one cell type, 
anaplasia etc.) may have different prognostic significance, many authors have 
disclaimed any such implication of classification .These are summarized by 
MATIDEU who concludes that the pathologist should not be expected to furnish a 
prognosis on the histologic appearance of this lesion. The findings of SMALBRAAK 
most recently reassert this conviction, which we share as well. It may be difficult 
enough from a uterine curettage specimen (not so from metastases) to establish 
the diagnosis, when faced with the real possibilities of exuberant normal placental 
site, "syncytial endometritis" (HERTIG & MANSELL} or an incomplete specimen 
(see NILERN & AKERMAN} and most authors have cautioned that from a curetting 
specimen alone, without history and physical findings, the pathologist is often 
unable to verify the diagnosis, let alone give a prognosis (MATIDEU; HERTIG & 
MANSELL}. The same authorities also advise to prepare, in all cases, allmaterial 
obtained at curettage or biopsy for histologic scrutiny. In addition to the histo
logic spectrum that may be displayed by the tumor, which so often resembles 
closely relatively normal albeit young trophoblast, in numerous cases recorded, a 
verified long time interval had passed between pregnancy and the onset of metas-
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tases. In some such cases, hysterectomy testifies to the impossibility of the tumor 
coming from an "unrecognized intervening pregnancy" (MATHIEU; BoNNAR & 
TENNENT; HERTIG & MANSELL) and autopsy may rule out that the tumor arose 
from a teratoma. One can only assume then that small nests of trophoblast lay 
dormant (slowly proliferating) for years, to become malignant later or, that 
original malignant metastases had remained suppressed for long periods (see dis
cussion by BoNNAR & TENNENT). 

HERTIG (1962) attempted to differentiate, by histologic means, those tumors 
in which the patients survived from the fatal cases and was unable to do so. 
Writes he: "was unable to find anything distinctive about the tumors in 20 of 
the 21 patients who survived. They showed the same variation in tumor-bed 
response, involution of tumor, and apparent intravascular spread as any other 
group of choriocarcinomas." 

These considerations discourage any suggestions for a prognosis and make 
evaluation of the results of treatment by surgery, radiation, antifolic agents and 
immunotherapy difficult at best. Moreover, the tumor is infrequent enough to 
preclude large comparative series. It is the oft-stated impression of obstetricians, 
however, that early decisive treatment is most beneficial. Indeed, MATHIEU who 
urges that prompt complete diagnosis be made by all means possible, feels that it 
should be possible to improve survival to 95% by early treatment. This author, 
and many subsequent writers, cite cases where established metastases have dis
appeared soon afterremoval of the uterus, even when the uninvolved, if cystic, 
ovaries are left behind. The gonadotrophin within the luteal cysts may continue 
to be excreted and it confuses clinical evaluation for some weeks, but it does not 
appear to inßuence prognosis. Such a happy train of events does not always take 
place, as MATHIEU is careful to point out and the reasons for individual ditferen
ces escape our interpretation at this time. 

The newest approach in attempts at a histologic prognosis has been histo
chemical. BuR et al. have made elaborate E>tudies of various histochemical para
meters of trophoblastic lesions and compare them with the previous results on 
normal placentas (McKAY et al.). There was only one difference of possible pro
gnostic significance: in the more aggressive lesions, the cytoplasmic basophilia of 
the trophoblast was increased and more resistant to ribonuclease digestion. None 
of the various enzyme localizations, glycogen, glycoprotein content, etc. proved 
of any value. 

AcosTA-SrsoN (1958) has recently analyzed the relationship of metastases to 
survival in 32 cases of chorionepithelioma. The lung was involved in 44% by 
primary metastases, vagina in 31% and other organs (brain, liver etc.) less fre
quently, figures essentially similar to other reviews. Eventually, the lung became 
the seat of metastases in 94%, the vagina in 44% and extensive metastasiswas 
invariably fatal, although six patients with known metastases to lung or vagina 
recovered because of early decisive treatment. 

Cytotoxic therapy 

There is much to be said in favor of early treatment with cytotoxic therapy 
(HERTZ et al.}, indeed, recent evidence suggests that this treatment is more ad
vantageous in the early treatment of this disease. 

BREWER, SMITH & PRATT reviewed the absolute 5 year survival of 122 patients 
with choriocarcinoma treated by hysterectomy (31.9%). In this study, 41.4% of pa
tients not known to have had metastaAes Aurvived, while only 19.2% did in the face 
of secondary deposits. The latter figure compares with 48% survivors of cytotoxic 
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drug-treated patients by HERTZ et al. 1961, 1963; TAYLOR & DROEGEMUELLER. 
Similar advantageaus results of this treatment over surgery are indicated in a study 
of 93 cases from China, suggesting that, despite possible environmental factors in the 
etiology of the tumor, it is equally responsive to chemotherapy. HUNG-CHAO et al. 
report that their mortality from choriocarcinoma has dropperl from 90.2% to 48.4% 
upon this treatment; that from chorioadenoma destruens fell from 22.2% to 7%. 
Similar improvement of outcome is reported by MANAHAN et al. from the Philippines. 
BAGSHAWE had advocated recently that an additional means of effective treatment 
may be local perfusion of localized (pelvic) choriocarcinoma. A complete review of 
the frequency of metastases, spontaneaus regression and efficacy of chemotherapy is 
found by HRESHCHYSHYN et al. who present their own material as well. BREWER and 
coworkers (1964) present the most recent review of chemotherapy and suggest a plan 
for treatment with various and combined cytotoxic agents. Additional surgery such 
as hysterectomy is considered to be beneficial only in orcasional patients and in the 
discussions of these results it is suggested that perhaps 80% with choriocarcinoma 
can now be cured. Important considerations are early diagnosis and accurate and 
frequent quantitative gonadotrophin assays. Hendrickse, in the discussion of this 
paper presents data suggesting that angiography may be a useful adjunct in early 
diagnosis. Moreover, his experience indicates an unusual frequency of this tumor in 
Nigeria. LAMB et al. review their experience with methotrexate therapy of eleven 
chorionic malignancies and pay special attention to the quantitative gonadotrophin 
assays in these patients. They point out that choriocarcinomas produce, on occasion, 
only very small quantities of chorionic gonadotrophin which may not be detected 
unless such assay as the hemagglutinin inhibition test is used. 

The usage of antifolic agents for the treatment of choriocarcinoma began 
(L:r et al.) with the realization that deficiencies in folic acid have profound effect 
upon uterine and fetal growth in experimental animals (HERTZ et al., 1958) and 
that antifolic acid therapy may induce abortion in man (THIERSCH). Since then, 
various related drugs have been reported to produce a wide variety of fetal ab
normalities in man and experimental animals (SoKAL & LESSMANN). Their efficacy 
in the treatment of chorionic tumors suggests that the action is exerted not only 
on the fetus but also on the placenta, but only rarely is a study of the placenta 
described following the use of these drugs in pregnancy. 

Only HÖRMANNshows a pla.centa whose traphoblast appears to have degenerated 
possibly as a result of aminopterin therapy. On the other hand, FREEDMAN et al. find 
no ill-effect upon a pair of twins and their placentas after therapy with methotrexate 
and actino:rnycin D for what was thought to be a complication of choriocarcinoma. 
In this case, two pregnancies followed what was apparently a chemotherapeutically 
cured choriocarcinoma. This tumor had developed after a spontaneaus abortion and it 
was diagnosed from a vaginal metastasis. The excessive production of chorionic gonado
trophin prevented accurate diagnosis of a subsequent pregnancy and led to extensive, 
repetitive chemotherapy. BREWER et al. (1964) also describe pregnancy after cyto
toxic therapy and McKELVEY presents in the discussion a patient with three normal 
pregnancies after chemotherapeutic eure of a metastatic choriocarcinoma. In TURNER's 
patient pregnancy ensued after surgery alone. Another case of pregnancy following 
successfully irradiated choriocarcinoma metastasis has been reported by P ATTERSON. 
DouGLAS, who treated three women during the first trimester of pregnancy and prior 
to elective instrumental therapeutic interruption also finds no effect of aminopterin 
on the histologic appearance of the normal placenta. Thus, it is as yet uncertain 
where the effect of antifolic agents and other cytotoxic drugs takes place. It is thought 
they affect the survival and the efficacy of function of normal and malignant placental 
trophoblast, perhaps it varies at different stages of development. This aspect is in 
dire need of careful histologic study. 

Immunologie considerations of matemal-fetal relationship, 
with particular reference to choriocarcinoma 

Several aspects of the behavior of chorionepitheliomas have led investigators 
in recent years to speculate whether complex immune phenomena may not be 
at work which, if understood, could help answer the questions relating to the 
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erratic nature of this malignancy. Thus, it has been leamed that the response 
obtained after methotrexate therapy is better in chorionic tumors following preg
nancy than if the choriocarcinoma arose from teratomas, despite their histologic 
and endocrine similarities (Lr et al., BREWER et al. 1964). The occasional spon
taneous disappearance of apparent metastases, particularly after removal of the 
primary tumor, also suggests analogies to rejection of tissue transplants and its 
recognition has even led to treatment of chorionic malignancies along these lines. 
These considerations necessitate a survey of the present state of knowledge con
cerning the possible immunologic interactions of mother and embryo, or mother 
and placenta. 

Hemochorial placentation establishes close contact of the matemal tissues 
with fetal placental cells of a different genetic background, a situation which can 
be considered a true homograft (see BILLINGHAM; MEDAWAR). Iftissues other than 
placenta were thus transplanted, immunologic rejection would be expected in a 
span of some two weeks. THOMAS has once suggested cautiously that the termina
tion of pregnancy may indeed be comparable to a homograft rejection process. 
However, not enough facts are known to warrantsuch speculation and it is at 
present doubtful whether the disappearance of metastatic choriocarcinoma, let 
alone the process of parturition, relates to such immunologic events. The possible 
analogies of placentation to homografts, and the various experimental approaches 
to the problern have been summarized by BILUNGHAM whose lucid essay should 
be consulted, particularly for the work in non-human species. Several theoretic 
possibilities exist which might explain the cellular apposition of two tissues with 
different genotypes without disastrous results occurring. Each of these will be 
considered briefly, those meritorious of more attention in greater detail. 

That pregnancy is successful cannot be explained on the basis of the assump
tion that the uterus is a privileged site, from an immunologic point of view and 
having the analogy to the hamster cheek pouch in mind. Such an assumption 
does not hold for vascularized grafts (BILLINGHAM & SILVERS), as the placenta 
would be, and the number of mccessful abdominal (peritoneal) and tubal preg
nancies testifies against this hypothesis. Moreover, experimental extrauterine 
transplantation of blastocysts may lead to normal placental development (FAW
CETT) and finally, direct tissue transplantation into rodent uteri results in normal 
and accelerated rejection under appropriate circumstances (SCHLESINGER). Also, 
it has now been shown by various investigators that the endocrine changes cha
racteristic of pregnancy cannot explain the extraordinary survival, for nine 
months and Ionger in some other species, of the placenta if it were in the same 
category as homografts. While prolongation of some test grafts has been reported 
during pregnancy, this has been refuted in other species and with different types 
of experiments (see BILLINGHAM). Another possibility to explain this apparent 
tolerance of the placental homograft is refiected in BILUNGHAM's considerations 
concerning the antigenic competence of the fetus. It is conceivable that those cells 
which are in contact with the mother and which are thus in the position to arou&e 
immunologic recognition, in fact do not possess transplantation antigens, in anal
ogy to red blood cells. While the latterare now known to cross the placenta and 
may stimulate antibody production with the possible result of fetal hemolytic 
disease, other cells are not known to reach the mother, save the trophoblast. 
The result of the possible passage and matemal "recognition" of fetalleukocytes 
is currently under active investigation (PAYNE et al. 1964). The occurrence of 
leukoagglutinins to fetal leukocytes in some pregnancies suggests that these 
elements gain access to the matemal circulation but PAYNE finds no evidence 
that any disease arises because of this presumptive immunization. HALVORSEN 
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differs with this interpretation in his description of two cases of neonatalleuko
penia due to fetomaternalleukocyte incompatibility. She believes that this condi
tion may be more frequent than is currently recognized, that the infants are to 
be treated vigorously because of their susceptibility to infection and collects all 
pertinent literature. The findings of various experiments designed to test whether 
fetal tissue cells are antigenically mature are not totally conclusive, as is dis
cussed at length by BILLINGHAM. However, this question is not strictly valid since 
one cannot necessarily conclude that possible somatic cellular antigenic maturity 

Fig. 301 Fig. 302 

Fig. 301. Mature placenta of infant with trisomy 21 (mongolism) with two free syncytial cells and syncytial "buds" 
in intervillous space. This presumably is the origin of the cells deported into the Jung during normal 

pregnancy (H & E x 160). 

Fig. 302. Lung of chinchilla during pregnancy, near term. Numerous small yellow nodules are present macro
scopically, made up of clusters of the bizarre placental giant cells of rodents. Occasionally there is a lymphocytic 

response (H & E x 160). 

may be equated with equal trophoblastic capacity. After all, it is only the tropho
blastic cells which are in contact with the competent mother, indeed showers of 
syncytial cells are likely to seed into her lung continuously (SCHMORL ; lKLE; 
ATTWOOD & PARK; DouGLAS et al .; BARDAWIL & ToY; WAGNER et al.) (Fig. 301). 
In some cases, extensive trophoblastic seeding has been thought to be the cause 
of maternal death during uncomplicated pregnancy (MARCUSE; others in ATT
wooD & PARK) . Were these emboli capable of evoking an immunologic response, 
lKLE as well as ATTWOOD & PARK, and WAGNER et al. doubt it, then homograft 
response of the maternal organism was abolished by this excess antigen. However, 
this phenomenon of syncytial deportation has been demonstrated only in man 
and, with possibly different cells in the chinchilla (Fig. 302) (HELMBOLDT et al.) 
and one would have to seek alternate explanations in other species for persistent 
pregnancy. Unfortunately, it is difficult to obtain pure trophoblast for experiments 
designed to test the antigenicity of trophoblastic cells, tissue which is devoid of 
villous fibroblasts and fetal leukocytes. Moreover, the two cell types of tropho
blast may differ appreciably in their surface antigenic structure, surfaces which 
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certainly have a remarkable cytologic diversity (Figs. 293-296). Finally, the endo
erille and other functional differences between species make it difficult to draw 
conclusions from mouse experiments to human placentation. 

Possibly the strongest evidence in favor of antigenic competence of traphoblast 
comes from the regular rejection of choriocarcinomatous tissue transplanted into the 
cheek pouch of hamsters, which incidentally never develop metastases to other organs 
unless injected intravenously (EHRMANN & GLISERMAN). HERTZ has found anti-human 
antiborlies in the circulation of these hamsters and such antiborlies will inhibit the 
tumor growth. No antiborlies specific to the tumortype have been found, however, 
and no antiborlies to paternalleukocytes or red cells are made in transplanted chorio
carcinoma experiments. It appears then that the regular rejection by the hamster of 
grafted choriocarcinoma may be on the basis of the heterograft response, one which, 
however, falls to reject the placenta in interspecific hybrids (e.g. that of a mule in a 
horse or a hinny in a donkey). Moreover, it mwst be appreciated that tissue graft 
rejection occurs in the absence of recognizable plasma cells or circulating antibodies, 
as SILVERSTEIN et al. were able to demonstrate recently. These authors found graft 
rejection by the fetallamb lacking these constituents and even the additional supply 
ofrabbit antisheep-78-gammaglobulin did not alter this reaction. An up-to-date review 
of related facits of fetalfplacental immunologic aspects is given by SILVERSTEIN in 
which the author speculates that the similarity of the appearance of erythroblastotic 
and syphilitic placentas may relate to the antigen-antibody interactions of the two 
diseases. Despite these findings in experimental animals, attempts to identify circulat
ing anti-fetus-antibodies in human pregnancy have continued, their possible eventual 
demonstration may or may not indicate transplantation antigen sensitization. Specific 
matemal SP.nsitization to fetalleukocyte antigenswas demonstrated hy PAYNE (1962), 
persisting at times for years but not with greater frequency at higher parity. CAGLIERO 
& MARCHIARO, on the other hand, found anti-leukocyte and anti-platelet antiborlies 
more frequently in multiparaus women. The antiborlies did not react with the patient's 
own leukocytes or platelets but they did so with cells from the respective husbauds. 
HULKA and his colleagues have searched for pregnancy-specific antihoclies in human 
post-parturn sera. By conjugating the globulin with fluoraseein and absorbing with 
human liver powder, they found specific localization of this antibody ( ?) only in the 
cytoplasm of the syncytiotrophoblast. The nature of the antigen (? gonadotropin, 
other proteohormonfl, surface antigen) is not certain and, importantly, cross-reaction 
occurs with placentas of other pregnancies. Furthermore, it is highly conjectural that 
the reason for the peak of antibody Ievels (4th day post-partum) is due to specific 
absorption of antibody to the numerous syncytial cells during pregnancy or the 
elevated corticosteroid Ievels, as these aut.hors suggest. Their attempts to relate the 
finding to toxemia of pregnancy has been criticized aptly by SoPHIAN, and BILLING
HAM points out the theoretic reasons why such antihoclies could not relate to the 
homograft sensitization problern of pregnancy. Boss, using a "sandwich technique", 
was unable to detect the localization of such globulins when a second incubation was 
carried out with fluorescein-tagged antiglobulin and this author refers to other negative 
studies. He is concerned with the ability of placental tissue to excite anti-basement
membrane-antibodies, nonspec>ific for the placenta and cross-reacting with kidney. 
These globulins do nnt appear to occur spontaneously and their postulated relationship 
to experimental abortion is discussed by Boss. Their relationship, if any, to the toxemic 
renallesion is the basic reason for these experiments, begun by others earlier. Similar 
studies have been conducted by STEBLAY who shows photographs which areimpressive 
in that an apparently considerable degree of autofluorescence of trophoblastic cyto
plasm is evident. Such autofluorescence must be evaluated critically if specific locali
zation of antiborlies is ever to be adjudged in the placenta. 

Of course, the principal difficulty in all of these studies lies in our inability to 
demonstrate at present the location and specific cellular distribution of transplantation 
antigens. And what antihoclies might be detected may bear no relation to the question 
of whether in fact, immunologically speaking, the exposed surface of the placenta, 
principally the syncytium, can be "recognized". LANMAN and colleagues conducted 
ingenious transfer experiments with rabbit blastocysts implanted into does who were 
sensitized specifically against the "grafts". They failed to detect any adverse e:ffect of 
the sensitization. From these experiments and others, BILLINGHAM & SILVERS conclude 
that two mechanisms probably allow for the continuation of pregnancy in the face 
of apparent histoincompatibility of mother and fetus: 1) the probable deficiency of 
transplantation antigen of traphoblast and 2) the efficient separation of fetus from mother 
by trophoblast. They raise the question why true vascular communications are not 
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ever established between placental and endometrial vessels and one might as well add, 
why does the placenta stop invading the uterus when it does ? Presumably, the answer 
is partly to be found in the complex hormonal and enzymatic relationship delineated 
recently by BöviNG for rabbit pregnancies. In a series of experiments, this author 
has attempted to answer by what mechanisms the traphoblast invades or rather, 
how it dissociates endometrial cells. It emerges that invasion of traphoblast can be 
construed to cease, once maternal vess8ls are tapped by the advancing trophoblast; 
as BövrNG sees it: because the liberated C02 can now be removed, decreasing the pH 
locally to a point where the dissociation of endometrial and other placental bed cells, 
a process norrnally favored by alkaline environment, no Ionger takes place. This inter
action of a progesterone-dominated maternal, endometrial-vascular carbonic an
hydrase and fetal carbonates works efficiently when the implanting rabbit embryo is 
considered. Whether similar mechanisms are at work in other species is unknown. 
(The excellent summary by BövrNG is recommended for details.) Also, how syncytial 
cells continue to permeate the placental site in man at later stages of gestation (BoYD 
& HAMILTON) and why the placenta limiting effect does not apply to the chorio
carcinoma with its continuous invasive capacity remain unsolved problems at present. 

These considerations shed some doubt on the validity of the inferences made 
in studies which attempt to treat choriocarcinoma by immunologic means. If, as 
has been suggested, normal traphoblast development proceeds because of an inter
action with matemal antibodies, then an understanding of the "escape" from this 
immunological model, by matemal incompetence or traphoblast mutation, might 
offer hope for immunologic treatment by specific sensitization with fetal antigens. 
Since no fetus is available in choriocarcinomas, the father's antigens should suf
fice, somewhat in analogy to the rabbit experiment of LANMAN et al .. It is pertinent 
to remind, however, that these rabbit experiments had not shown any effect on 
implantation from sensitization of the doe to patemal antigens. Further justifica
tion for such treatment came from the finding that chorionepitheliomatous meta
stases occasionally regress afterremoval of a uterine primary site and spontaneaus 
disappearance is not altogether unheard of either, as was pointed out previously 
(JoHNSON; PARK; EvERSON). Moreover, methotrexate therapy appears tobe less 
effective in choriocarcinomas not arising as a consequence of pregnancy (LI et al.) 
and surely the efficacy of this drug in pregnancy-derived tumors, at least for some 
time, is remarkable. On the other hand, this argument is not persuasive because 
of the following independent observations: l) The male chorionepitheliomatous 
tumors under discussion were admixed with teratomas or other germinal tumors 
and may therefore have an indigenously different prognosis, and 2) PIERCE, 
MmGLEY & VERNEY find no difference in the methotrexate-response of several 
lines of choriocarcinoma in the hamster cheek pouch, irrespective of their origin. 
They make the suggestion that the degree of maturation of the tumor may be 
the critical factor and we agree that this merits much future consideration. 

DoNlACH et al. felt that active immunization was important in the recovery 
of their patient who was also treated by chemotherapy and irradiation, and 
CINADER et al. describe a failure of methotrexate therapy with ultimate eure of 
metastases by immunotherapy. Three courses of husband's leukocyte injection 
led to a reduction in radiologic pulmonary lesions and gonadotropirr titers. Later, 
an injection of anti-husband-sperm-antibody, produced in rabbits, caused a tem
porary rise of gonadotropins which is regarded as support of their hypothesis 
that tumor tissue was destroyed by this means. BAGSHAWE has a patient who 
was also resistant to drugs andin whom, after transplantation and rejection (!) of 
skin transplants from an unrelated donor (6 days), from the husband (12 days), 
and child (34 days), and "further immunotherapeutic procedures" the tumor ap
peared to regress. RoBINSON et al., on the other hand, present two cases of post
molar choriocarcinoma in patients who rejected skin grafts from unrelated donors 
but retained those of their husbands, developed erythrocyte antibodies but no 
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leukocyte agglutinins, their antigenic structure appearing similar between busband 
and wife. The outcome of these two patients is not described and immune paralysis 
against the tumor genotype or tolerance may have been produced, suggest the 
authors. MATHE et al. also present studies on five patients with choriocarcinoma 
with increased tolerance of skin transplants from the husbands inspite of leuko
agglutinins. HACKETT & BEECH describe the fatal outcome from widespread 
choriocarcinoma following a ( ?male) mole in a woman whose pulmonary meta
stases regressed initally when husband's leukocytes were injected. This, however, 
coincided also with removal of the primary tumor and from the detailed descrip
tion of their case, we conclude that the patient was neither immunologically in
competent nor was she helped by the immunotherapy. These authors also con
clude that traphoblast is non-antigenic. 

Increased tolerance with higher parity has been suggested to occur by BREYERE & 
BURHOE; J OEL; etc. This might be a factor in some patients with this tumor since a 
higher maternal age of some patients with choriocarcinoma is found in some series, as 
has been referred to previously. However, the analysis of 175 cases by ScoTT indicates 
the opposite, namely a disproportionate tendency for the tumor to arise in association 
with the first pregnancy or from "fresh matings" in multiparaus women. BILLINGTON 
(1964) reached the conclusion from his recent experiments with various strains of 
mice that: "it follows that trophoblastic invasion is more extensive when it is anti
genically dissimilar from the decidua than when it is similar". He found higher placental 
weights in a variety of carefully chosen experiments when the mother was most 
likely to "recognize" the fetal (placental) antigen. The pathogenetic mechanism of 
this striking result awaits further elucidation. In other words, more trophoblastic 
proliferation appeared to occur in antigenically dissimilar pregnancies, a result which 
is at variance with the current assumptions that genetic similarity in man predisposes 
to the development of choriocarcinoma as this author pointsout (BILLINGTON, 1965). 
These experimental results have been confirmed by various means and suggest that 
some homeostatic mechanisms exercise control over placental size and trophoblastic 
proliferative activity. Nevertheless, at this point it is too early to conclude that such 
a mechanism is based on immunologic phenomena. LAJOS et al. find by transplanting 
traphoblast into women with cancer and ectopic pregnancy that it is rejected in the 
former but not in the latter case. They suggest that the endocrine environment of 
pregnancy is the most important mediator of placental "acceptance". These con
siderations are further discussed in some recent reviews and new experimental data 
are presented from a variety of investigators using different models so that it can be 
anticipated that a satisfactory understanding of these complex fetaljmaternal inter
relationships will soon be had (KIRBY et al.; ANDERSON & BENIRSCHKE; J AMES; LAN
MAN, 1965; GALTON, 1965; ßiLLINGHAM et al.; ANDERSON, 1965). 

It is impossible to describe here many other experimental approaches and 
studies designed to unravel the complexity of the matemal/fetal immunological 
relationship. This has been done exhaustively by BARDAWIL & ToY, who also 
discuss their own work. One is forced to conclude at this time that, despite very 
active investigation in many laboratories, neither the mechanism limiting tropho
blastic invasion in the course of normal placentation nor that leading to the 
development of trophoblastic tumors is understood. Indeed, we do not know 
whether, immunologically speaking, the matemal organism takes any cognizance 
of the placenta and fetus, and studies such as by ANDRESEN et al., attempting 
to alter placental development (in the rabbit, without effect) by matemal im
munization may be totally irrelevant. We believe that substantial progress will 
be made only after cellular identification and localization of transplantation anti
gens has become feasible. At present, it appears mostprobable that the syncytium 
does not possess these surface markers, while cytotrophoblast and villous tissue 
can be "recognized" by the mother. Further, the possibility exists that interaction 
occurs with gonadotropins and that the syncytium may actually be "mopping up" 
some antibody, as also the globulin localization in BARDAWIL & ToY's experiments 
would indicate. 
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Additional considerations concerning the interactions of 
trophoblast and the matemal organism. 
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ScoTT has recently reviewed the background of 175 cases of choriocarcinoma 
from the A. Mathieu Registry and confirms the association with pregnancy in 
older women. From his study of the ABO blood groups in these matings which 
had led to the development of this neoplasm, ScoTT postulated "that lack of 
maternal antibody response is a factor in the development of choriocarcinoma". 
This hypothesis needs much further detailed study, as the author is ready to 
admit and it is not actually consistent with the total absence of chorionic malig
nancies in inbred strains of rodents etc. (see also HACKETT). Moreover, it hardly 
explains the development of only one small focus of tumor in an otherwise normal 
mature placenta (DRISCOLL), although this author favored this explanation as a 
possible hypothesis because of the similar constellation of blood groups. (The 
very few similar cases on record have been reviewed by ÜORDUA). Also, the earlier 
attempts by ScHMIDT et al. of showing a correlation in the blood group relationship 
between patient and husband do not support this view and, of course, they need 
not reflect transplantation antigen relationship in any event. Therefore, further 
data of this nature must be collected before any positive statement can be made. 

The concept of chorionepitheliosis is equally relevant in this context. ScHOPPER 
& PLIESS employed this term in an extensive discussion of spontaneously regressing 
vaginal chorionic lesions. 

The case they describe (and they discuss 25 similar instances from the literature) 
is a hemorrhagic vaginal chorionic growth with the histologic characteristics of 
chorionepithelioma. It was excised during a normally terminating pregnancy in which 
a normal placenta was delivered. There was no recurrence or evidence of other 
metastasis. 

They consider in detail the biological, chemical and clinical characteristics of 
trophoblast and feel that this lesion must be considered as trophoblast having 
escaped maternal ( 1decidual) control mechanisms rather than representing a true 
"inoculation tumor". While this may be true, the difficulty of distinguishing, by 
histologic study, between normal, innocuous trophoblast and choriocarcinoma is 
at times very great, as many authors have pointed out. ScHOPPER & PLIESS admit 
that this distinction can often only be made retrospectively, and most authors 
will not consider in their diagnostic endeavors only the histologic specimen, but 
demand also a clinical history and gonadotropin study for the complete evaluation 
of chorionic tumors. However useful the term chorionepitheliosis may be, it is as 
a theoretical concept, for the evaluation of individual cases it is of little help. 
PARK has recently discussed these aspects in lucid detail and summarizes his 
basic studies and HERTIG & MANSELL have also pointed out that vaginal meta
stases have a considerably morefavorable prognosis than metastases to the lung. 
The reasons for this difference are yet unknown, however, it is our opinion that 
this difference hardly suffices to set these lesions apart from the other chorionic 
malignancies as basically different. 

All these aspects of choriocarcinoma are of considerable interest and provide 
challenges for future study. Still, some basic questions remain unanswered, as in 
the concluding remarks of MEYER's extensive survey. Thus, we may ask three 
pertinent questions: 

l) How does normal trophoblast stop invading when it does 1 Is BöVING's 
model correct for human placentation or do we have to continue to search for 
an immunological explanation 1 
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2) How does the deported normal trophoblast become destroyed, e.g. in the 
pulmonary capillaries 1 Is it on an immunologic basis (BARDAWIL & ToY), via 
"syncytiolysins" (VEIT; ScHoPPER & PLIESS; JoHNSoN) or by the fibrinenmeshing 
mechanism proposed by TEDESCHI & TEDESCID 1 

3) Is choriocarcinoma biologically normal trophoblast or is it "mutated"? 

With respect to the last question, recent sturlies suggest that the choriocarcinoma
tous cell does not differ much from other tumors, at least insofar as its chromosome 
complement is concerned. MAKINO et al. studied two choriocarcinomas; one had an 
aneuploid line with 86-90 chromosomes, another had a mode of 48-49, there being a 
considerable spread in both cases. GALTON et al. followed the chromosomes of a hamster
transplanted human choriocarcinoma over 9 months and saw a rise from a modal 
nurober of 80 to 88-92 without much histologic change. These findings are ofparticular 
interest since indications exist that hydatidiform moles also possess an abnormal 
chromosome complement in some cases (see hydatid moles). NoTAKE found a nearly 
triploid range on the second day of tissue culture, employing quantitative microspectro
photometry. lt is desirable of course to have similar studies on larger material, of 
direct preparations, rather than after prolonged tissue culture or cheek-pouch growth 
and also, to have material from the rarer events of chorionepitheliosis or intraplacental 
choriocarcinoma. Undoubtedly, reports of this nature will soon be forthcoming and 
we can Iook forward to much clarification of this issue. 

With respect to the first question, the evolution ofthe two types oftrophoblast 
is certainly most remarkable and constant. (For an early review see Figs. 3-6 of 
BRIQUEL). The findings of an imitation of syncytium-lined "intervillous spaces" 
in recent E. M. studies cited reminds of MEYER's statement that wherever tropho
blast is in contact with matemal blood syncytium develops. Perhaps this is by 
way of induction; in any event, this normal pattern is followed by malignant 
trophoblast and mitotic activity is never seen even then in the syncytial cells. 
GALTON studied the evolution of the syncytium by comparing the DNA content 
of its nuclei with that of Langhans cells and villous stromal cells. This study 
ruled out amitotic (or other) nuclear division in the syncytium and suggested that 
the syncytium must derive from cytotrophoblast because only diploid, unimodal 
values were found in microspectrophotometric studies of Feulgen-stained syncytial 
nuclei. This was soon supported by RICHART, using H 3-thymidine incorporation. 
Subsequent workers (QUINLIVAN; MIDGLEY et al.; PECKHAM & KIEKHOFER) have 
confirmed these findings by similar techniques and it is probable that from similar 
studies in choriocarcinoma much will be learned concerning its biology. 

The evolution of syncytium is certainly unique among mammalian tissues, more
over, itsfunctional capacity is unrivaled. Not only does it appear to control most of 
the transport across the placental barrier but it is also instrumental in the production 
of a variety of hormones. It apparently possesses ameboid motion and certainly its 
local invasion (BOYD & HAMILTON; PARK) and deportation into the lung (SOHMORL; 
BRIQUEL; others, reviewed by BARDAWIL & ToY) are unique. BARDAWIL & ToY also 
show deportation of complete villi into the lung (see Figs. 275, 301, 304). Whether the 
deported syncytial cells are removed by enzymes (syncytiolysins, VEIT; ScHOFPER & 
PLIESS; CARR and others) or through necrosis after fibrin envelopment (see TEDESOHI & 
TEDESOHI for experimental studies) is not clear. These syncytial cells are believed to 
have anticoagulant ability and when the syncytium becomes defective, localized fibrin 
deposits occur, at least this is how lesions as in Fig. 303 are interpreted (HuGUENIN; 
KLINE). The deportation of trophoblast into the fetus as reported by SALVAGGIO et al. 
has not been confirmed (IKLE) and only the rare cases of choriocarcinoma with meta
stases to the fetus indicate the occasional access of trophoblast to the fetal circulation. 
BoYD & HAMILTON (1964) have recently discussed this aspect in greater detail following 
their unequivocal demonstration of "stromal epithelial buds". They show tropho
blastic ingrowth into the stroma of occasional villi in normal pregnancies. These 
peculiarities of syncytium may signal that trophoblast also differs in other qualities, 
e.g. the homotransplantation antigens. Thesemarkersare considered tobe properties 
of the cell surface and MIDGLEY, PIEROE & :aEALS have recently shown electron
microscopic evidence which indicates that the cell walls of the cytotrophoblast, with 
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desmosomes, are broken up as the cell becomes incorporated into the syncytium (see 
also PIERCE & MIDGLEY; WYNN & DAVIES). Further excellent electronmicroscopic 
studies by TERZAKIS; CARTER and by ENDERB support this concept fully. 

Fig. 303. Placenta in erythroblastossis fe
talis with tlbrin deposits (arrows) in areas 
of apparent defect in syncytial continuity. 

(H &Ex 160). 

We hypothesize then that the most likely 
reason for the tolerance of the mother to the 
foreign placenta is the deficiency of surface 
transplantation antigens on the syncytium. The 
mother does not "recognize" the placenta as 
having invaded, immunologically speaking. 
MEYER and others have indicated that, wher
ever maternal blood contacts the trophoblast, 
this becomes syncytium, a finding borneout be the 
electronmicroscopic studies of WYNN & DAVIES 
and PIERCE & MIDGLEY for choriocarcinoma. In 
this may be found the homeostatic mechanism 
which allows pregnancyto continue. At this time 
this is pure speculation, but occasional pathologic 
findings in placentas may contribute in the 
future to elucidate these relationships. If it is 
assumed, for the moment, that all fetal tissue 
other than syncytium can be "recognized" by 
the maternal organism, then larger areas of 
villi with defective syncytium may be "rejec
ted". Such may be the case in the occasional 
lesions shown in Figure 305. Mononuclear cells 
accumulate about "naked" villi. Possibly more 
dramatic is an ill-understood lesion which we 

have termed, poorly, "maternal floor infarction" (BENIRSCHKE). In this condition, an 
excessive amount of fibrin is found in the placental floor and throughout the organ. 
In several patients it has led to repetitive abortions or premature stillbirths and 
no specific causal mechanism can be identified in detailed study. In one patient 
(Figs. 165, 194-196, 306) seven consecutive and similar pathologic events occurred. 
The principal finding being masses of fibrin, cysts and, as shown in the illustra
tions, dense accumulations of lymphocytes and plasma cells in the placental 
floor around denuded villi, in the absence ofinicroorganisms. Of course we have 
been concerned of virus agents in these cases but to date there has been no indi
cation for their presence. This is a difficult area of future investigation but one 
also of practical interest. The finding of pulmonary intravascular trophoblastic 
dormancy with occasional progression to right heart failure from vascular obstruc
tion (WYCKOFF & BuNIM) is another relevant event. Long after the pregnancy 
which apparently was the cause of the metastatic intravascular seeding, the 
metastases, apparently growing slowly, become apparent by obstruction. If they 
transgress the arterial wall, then arteritis has been described (BARDAWIL & ToY; 
ÜBER) and Figures 307-3ll of such a case indicate the focal accumulations of 
plasma cells and lymphocytes at the occasional sites where tumor appears to have 
attempted to break through the vascular wall. It is tempting to suggest that this 
response occurs because of the immunologic recognition of cytotrophoblast at 
these sites but no positive evidence has yet been marshalled to support this 
conjecture. The literature on this rare and interesting condition (10 cases) has been 
reviewed recently by SPIEGEL who also describes a classical case with possible 
dormancy for 6 years and intervening normal pregnancy. Recurrence of tropho-

Handbuch der pathologischen Anatomie VII/5 33 
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blast 11 years and 7 months after twin gestation (one normal, one a mole) from 
which a chorioadenoma destruens developed has been reported by KIRK. The 
patient had a hysterectomy when lung metastases were present which regressed 
spontaneously. Apparently persistent gonadotropin secretion led to ovarian cysts 
and during their operative removal the retroperitoneal tumor mass was discovered. 
Chest X-rays were negative after this long period and the patient has recovered 
and is currently apparently free from tumor. This seems to represent the Iongest 
period of apparent symbiosis between choriocarcinoma and host. 

Fig. 304. Immature placenta, ßoor and decidual septum with "X-cells" and early mucus cyst . In the !arge decidual 
vein (bottom) several d etached ( ?) villi are present which potentially become deported to the Jung. (H & E x 40). 

Similar considerations of immunologic interactions have been entertained in in
stances of fetal or matemal nonchorionic tumors (see Chapter VI). Despite extensive 
interviilaus proliferation of metastases from carcinoma of the breast (ROSEMOND) and, 
more frequently, maternal leukemia (DIAMANDOPOULOS & HERTIG; MOLONEY) no 
acceptable case o f dissemination of these tumors into the fetus has been described. 
In some instances, a long follow-up of babies assures their freedom from transplanted 
tumors. The rare e xception to this is provided by the occasional transplacental mela
noma seeding. Studies ofthese cases provide insufficient evidence, however, to conclude 
that such grafts result because of dissemination of tumor cells into the fetus prior to 
his inception of immunologic competence. The magnitude of cell transfer surely enters 
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Fig. 305. Mature placenta of dizygous twins. The mononuclear cell accumulation about the denuded villi in the 
center ls interpreted as possibly representing a matemal response against fetal tissue. No pathology of newbom 

or during pregnancy. (H & E x 200). 

Fig. 306. Seventh pregnancy terminating with premature delivery of conceptus with "matemal floor infarction" 
(see Figs. 165, 194-196). Thickened matemal floor with accumulation of plasma cells and other mononuclear 

cells around dying villi which are denuded of trophoblast. (H & E x 160). 

33* 
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into this equation and it would be premature to accept the case of CAVELL as proof for 
immunologic melanoma rejection by the newborn. Conversely, we have seen at least 
two cases of fetal leukemia and three with disseminated fetal and placental neuro
blastoma without matemal involvement. 

Fig. 307. Sections of lung of patient dying from pulmonary hypertension and infarction, 4 years after removal of 
hydatidiform mole. Same as Figures 308-311. Throughout the lung, the pulmonary arteries were occluded by 
trophoblast, active and in various stages of degeneration (white dots). Courtesy Dr. A. T. Hertig. This patient is 

discussed also by BARDA WIL & TOY with reference to their Figure 9. 

From a theoretical point of view, one must consider in this context whether indi
vidual differences exist in the competence of the placental barrier and whether specific 
environmental insults intluence this barrier. NAJARIAN & DIXON concluded from their 
studies in rabbits that hyaluronidase may enhance transplacental traffic. These studies 
need confirmation and extension to ascertain the mechanism by which this increased 
transfer is achieved. If confirmed, these findings may alter profoundly our inter
pretation of immunologic relationship between mother and fetus in the future. For 
these reasons, it is highly desirable that an experimental model be found in which to 
explore these relationships. To date, however, the success of producing choriocarcinomas 
in experimental animals has been disappointing. Perhaps the dissimilarities of tropho
blast, placentation and length of gestation are too different in experimental animals 
for such tumor to develop. The one described in the rat by STEIN-WERBLOWSKY and 
later again by WYNN et al. is more likely an endometrial sarcoma than a true chorionic 
malignancy. The tumor in the nine-banded armadillo described from our laboratory 
(MARIN-PADILLA & BENIRSCHKE) is more typical but it differs in that it possessed 
numerous embryoid bodies. It was produced in a pregnant armadillo during thalido
mide administration but in subsequent and similar experiments no such tumor de
veloped. Only cytotrophoblast-column necrosis could be induced in addition to some 
embryonie damage. At the moment the chinchilla appeals to us as a useful model 
because of its long gestation and regular pulmonary traphoblast seeding (Fig. 302). 
It remains to be seen whether this animal's placenta produces a gonadotropin, a faculty 
which we could not demonstrate for the armadillo pregnancy despite prolonged study. 
Parenthetically, the ability of the human choriocarcinoma to produce !arge quantities 
of chorionic gonadotropin does not necessarily argue in favor of its cytologic normality. 
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One might liken this process to the keratin production of a squamous cell carcinoma 
and it will be of interest to learn whether the findings by ScHWARTZ & MANTEL, 
and RoBIN showing by immunologic means that some patients with choriocarcinoma 
may produce a structural variant of the usual chorionic gonadotropin, are reproduce
able. 

Fig. 308. (See Fig. 307): Pulmonary artery tllled with typical choriocarcinoma (darker syncytium of snr!ltce) 
with structure of cell columns of primitive placenta aud inflammatory cclls in arterial wall (H & E x 40). 

Finally, a word may be said concerning the occurrence of sex chromatin (Barr 
body) in traphoblast and its possible uses in the study of chorionic tumors. In 
particular, this marker may be of help in the difficult decision of whether a chorio
carcinoma arose from the preceding, possibly normal pregnancy or whether it 
lay dormant as in other proven cases. PARK (1959) reviews the theories of chorio
carcinogenesis with respect to the nature of antecedent pregnancies. With the 
unequivocal demonstration by DRISCOLL that a neoplasm may arise within an 
otherwise normal appearing placenta, it is no Ionger necessary now to speculate 
that a hydatidiform mole or unrecognized abortion must have preceded the deve
lopment of a choriocarcinoma in cases where the last pregnancy was an apparently 
normal one. Nevertheless, it is of interest that PARK (1957) had identified three 
cases in which the tumor differed from the sex of the last pregnancy when judged 
by the "Barr body" . Tobe sure, PARK admits to the difficulty of "sexing" tropho
blast (see also WAGNER et al.) and it is possible that the "Barr body" could have 
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Fig. 309. (See Fig. 307): Pulmonary artery occluded by chorlocarcinoma, necrotic and lmbibed by flbrin at Iower 
Ieft, not penetrating through arterial wall at any section. Note conslstent absence of production of mesenchymal 

vlllous core (H & E x 160). 

Flg. 310. (See Flg. 307): Almost completely occluded vessel with active trophoblast growth in right corner 
(H & E x 40). 
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been inapparent in two of the three cases with female babies, nor can one rule 
out its appearance by endoreduplication of the chromosome set in the case with 
a male infant. In future cases, the chromosome status of tumor and child will 
have to be established, particularly with reference to the Y chromosome, if a 
strong case for persistence of dormant choriocarcinoma through a normal pregnancy 
is to be made. And even then, the possibility of its derivation from an aborted 

Fig. 311. (See Fig. 307): Pulmonary artery with typical but vascularly contained choriocarcinoma. Note its 
similarity to early villous tissue. Plasma cell Infiltration at points ofpossibly attempted penetration ofarterial wall 

(H & E X 100). 

coincident twin cannot be ruled out. However, the sex chromatin, radioauto
graphic and chromosome studies cited leave no doubt that the trophoblast is 
truly fetal tissue and that it cannot represent corona radiata (granulosa) cells as 
GoRDON suggested. 

Transfer of antihodies 
The scope of this chapter prohibits a review of the extensive Iiterature on the 

transplacental passage of antibodies. From a comparative point of view, and with 
respect to fetal disease (Rh-hemolytic disease etc.) and neonatal well-being by 
virtue of passive immunity, the acquisition of antibodies by the fetus before birth 
or shortly thereafter is of vital interest. Detailed reviews have recently been 
presented by FREDA and by BERGER & NoviCK. In addition, it will have to be 
considered possible now that the fetus and placenta are capable of producing 
some specific antibodies if appropriately challenged (SILVERSTEIN & LuKES ; 
SILVERSTEIN et al.; BENIRSCHKE & BouRNE) despite former suggestions to the 
contrary and coming from an observation of a pregnancy in an hypogamma
globulinemic woman (GooD & ZAK). Of considerable future interest will be the 
elucidation of the erratic nature of the transplacental transfer of antibodies, at 
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least as demonstrated by the detection of globulins in the fetal blood. Thus, 
while many 19-S-antibodies are not exchanged, the recent studies by EsKIN & 
FRuMIN with cold agglutinins indicate that some in fact do reach the fetus. 
Moreover, there is as yet no good explanation for the variable transfer of isoanti
hodies (anti-A, B), seemingly dependent on the matemal and fetal genotypes 
(FREDA & CARTER). Perhaps, as SzuLMAN suggests, who studies antigen distribu
tion in the fetus by ßuorescein-tagged antibodies, the vascular endothelially 
distributed antigens are capable of absorbing some of the antiboilies as they 
transfer from the mother. If such absorption could be demonstrated it may help 
explain the usually mild nature of ABO-hemolytic disease, as compared tothat 
ensuing from rhesus-factor incompatibility and it may be reßected in as yet 
unrecognized placental histologic changes. TmEDE et al. find no AB antigens by 
Coons ßuorescence technique in either trophoblast or placental endothelial cells 
and conjecture that its presumed absence may be responsible for some ABO 
incompatible abortions. In such instances matemal antibodies, they feel, may 
traverse the placenta to injure fetal tissues bearing these surface antigens. Finally, 
the recent demonstrations of the transfer of L.E.-factors with occasional fetal 
disease but apparently normal placentas are of interest in this connection (JACK
SON). 
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XIV. The Hormones of the Placenta 

Introduction 

Since the prophetic forecast by HALBAN in 1905: "Aktive Schwangerschaft
substanzen sind ein Effekt der Placenta bzw. des Trophoblastes und Chorion
epithels" much analytical and experimental work has given ample support to his 
hypothesis. Indeed, currently more hormones are known to be produced by the 
placenta and, more specifically the syncytial trophoblast, than are seemingly 
needed for a successful gestation. To say it in another way, large quantities of 
hormones are produced, the need for whose production escapes our current 
appreciation. It would be presumptive to ascribe to the placenta unnecessary 
functions and consequently, currently much interest revolves around the "raison 
d' etre" of such substances as chorionic gonadotropin, lactogen and estriol, produc
ed in large quantities during the course of normal gestation. 

Perhaps even more challenging at this time is the quest for an understanding 
of the regulatory phenomena which must be responsible for the predictability of 
levels of various hormones in the secretions of a normal pregnant woman since 
it is difficult to conceive that no feedback mechanisms exist for these various 
rises and declines of hormone titers. So predictable are they that some are now 
commonly employed in the assessment of the normality and stage of a given 
pregnancy and we are only at the beginning of these methodologies which improve 
at a rapid rate. 

It is premature then to attempt a comprehensive review of the endocrine 
aspects of the placenta. In the past few years with biochemical and immunological 
techniques enormaus strides have been made in this field and at the time of this 
writing the literature brings daily new findings and modifications of older concepts. 
What is attempted here is to give an access to the pertinent literature, to summari
ze what can be accepted as factual and to provide some concepts which may be 
useful in future deliberations about the subject. 

Several important summaries, more or less complete, are worthy of special mention 
since they have been compiled by authorities in the field. RYAN (1962), to whom we 
owe the important conceptual advance of biologic aromatization of androgen-like 
precursors to estrogens, reviews all factual knowledge with understandable emphasis 
on steroids. Yet, even since his summary, work from his laboratory has provided 
strong evidence for the fetal production of a principal precursor for aromatization 
(16cx -OH-DHEA, v.i.) which is not included in this review. BERGER & v. HoRNSTEIN 
(1961) provide a comprehensive and critical review of all substances found in the 
human placenta, including hormones. It contains a wealth of literature citations which 
should be consulted if a comprehensive bibliography is desired. Finally, various 
authorities have summarized the narrower fields of gonadotropins, estrogen, pro
gesterone, enzymes etc. as they pertain to human reproduction in a readable volume 
edited by CAREY (1963). Most recently, APOSTOLAKIB & VoiGT have reviewed the 
gonadotropins in book form and DrczFALUSY & LAURITZEN treat the estrogens most 
comprehensively. 

The following pages are not meant to be repetitive of all former information 
but they bring up to date and correlate the biochemical investigations for use by 
the pathologist. 

Broadly speaking, only two principal classes oj hormones need be considered, 
the protein hormones and steroid hormones. Of the former, chorionic gonadotropin 
is the best known example, to which placentallactogen now has to be added. The 
evidence for other principles, such as melanocyte stimulating hormone and thyro
tropic activity etc., is less convincing at this time. Of the steroid hormones, 
progesterone and the three principal estrogens occupy most of our attention, while 
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the elaboration by the placenta of others, e.g. cortisol, is still problematic. Because 
of the intricate interaction with the fetal metabolism and because special con
siderations in patients with hydatidiform moles and placental tumors are in order, 
some of the fetal steroid physiology need be touched upon. It is of course possible 
that various other endocrine substances are elaborated by the placenta of which 
we have at the moment no knowledge or for which there is only speculative 
evidence. The very recent discovery of placental lactogen should serve as a 
reminder here to keep our minds open to the fact that we are just now entering 
a field of enormous complexity in which much further work will be challenging 
and probably fruitful. 

Protein hormones 
Chorionic Gonadotropin 

Human chorionic gonadotropin (HCG) production is a characteristic feature 
of human gestation and its occurrence in man and the virtual absence of similar 
principles in most other species examined, provide a challenge in future studies 
of comparative aspects of reproduction. This glycoprotein is elaborated by the 
trophoblast in significant quantities, it occurs in the placenta, throughout the 
matemal body, is carried in the blood and excreted in the urine and apparently 
small quantities appear in the fetus. Soon after delivery it disappears from the 
matemal and fetal tissues. For these reasons its detection hasservedas the most 
unequivocal means of determining the presence of trophoblast, whether placental 
or that arising from a tumor, e.g. a testicular or ovarian teratoma. The very 
exceptional occurrence of a similar substance in association with other cancers 
(adrenal, breast, melanoma) has been reviewed by McARTHUR. The rigorous tests 
to assure placental production of this hormone have been cited by RYA~ (1962) 
and by DICZFALUSY (1960), among others. 

Until recent years it was assumed, on the basis of several inferences and histo
chemical studies, that HCG is the product of the cytotrophoblast, or the Langhans 
layer. This view must now be corrected as all current evidence favors the production 
of proteohormones and steroid substances by the syncytiotrophoblast. In tissue culture 
preparations GEY et al. and JoNES et al. found little preservation of syncytium in the 
simultaneous presence of HCG, and WISLOCKI & BENNETT concluded that the urinary 
excretion curve of HCG during pregnancy paralleled approximately the histologic 
prevalence of the Langhans layer of trophoblast. Likewise, HCG production has been 
placed in the cytotrophoblastic cells by investigators using histochemical techniques. 
Thus, HUGHES infers this from his glycogen localization studies and, using PAS and 
gallocyanin-chromealum techniques, WEBER among others, concludes that HCG is 
produced by the Langhans layer early in gestation while later this function was 
assumed to be taken over by the cells of the placental septa and the basal plate. 
Elsewhere we have discussed the question of whether these latter elements, parti
cularly the septal cells should be regarded as of trophoblastic origin and conclude 
their derivation from decidual elements (Chapter VII-Cysts). All histochemical studies 
have been reviewed competently by DALLENBACH-HELLWEG & NETTE who conclude 
from their studies that the basophilic, glycoprotein-containing vacuoles of the basal 
plate cells represent gonadotropin. 

Two reasons compel us now to regard the syncytium as the principal, if not 
sole source of HCG: a) the fine-structural morphology and b) the immuno
fluorescent antibody localization studies. It is now agreed that the Langhans 
cells do not disappear as pregnancy advances and all recent and technically 
improved electronmicroscopic studies have indicated that the syncytial tropho
blastic cytoplasm contains the elaborate organelies (Golgi apparatus and endo-



XIV. The Hormones of the Placenta 529 

plasmatic reticulum) necessary for the production of proteins. While such orga
nelies are present in the cytotrophoblast (e.g. LISTER}, their preponderance in 
syncytium is impressive and PIERCE & MIDGLEY have been the mostoutspoken 
proponents to assign to the latter cells this secretory function (see also YosHIDA). 
This is correlated also with previously cited evidence that the syncytium develops 
("differentiates") via an intermediate cell type from cytotrophoblast which 
represents the mitotic cell precursor without other known functions. The rhesus 
monkey placenta behaves similarly (PIERCE, MmGLEY & BEALS) and the same 
holds true for the proliferating traphoblast of hydatidiform moles and chorio
carcinoma (WYNN & DAVIES). The entire question has been illustrated and ele
gantly discussed in a recent symposium by WYNN. Also, the more recent work 
on trophoblastic tissue culture (SoMA et al.) gives a better correlation with the 
presence of syncytial giant cells and HCG production than the older studies cited. 

The mostimpressive evidence for the syncytial derivation of HCG comes from 
the immunofluorescent studies initiated by MIDGLEY & PIERCE who could not 
detect fluorescence in cytotrophoblastic cells in their preparations. They worked 
with formalin fixed material and fresh frozen tissues and had ample controls 
and further supported their contention later by using cheek-pouch transplanted 
choriocarcinomatous tissue (PIERCE & MIDGLEY}. These findings were confirmed 
independently, after describing the specificity of the antibody (THIEDE et al.}, 
by THIEDE & CHOATE using CooNs' indirect technique but failing in their attempts 
with formalin fixed material. Careful inspection of their photographs indicates 
strongest fluorescence to occur in the syncytium at all stages of gestation, consider
ably less in the cytotrophoblast and, surprisingly, a fairly strong localization was 
found in amnion epithelium. While HCG was detected in samples of amnionic 
fluid, the cord surface and fetal skin failed to react, thus precluding the simple 
explanation of surface penetration or contamination with this substance. On 
tb.ese grounds then one is led to believe that HCG is produced in large measure by 
the syncytium throughout pregnancy. The intimately related cytotrophoblast 
may participate to some extent, particularly as it differentiates and turns into the 
intermediary cell types. The reason for immunologic localization of this substance 
in amnion epithelium awaits further investigation. Furthermore, it must be point
ed out that these immunofluorescent studies have been undertaken with antisera 
produced in rabbits and employing "purified" commercial HCG. HAMASHIGE & 
ARQUILLA have done extensive immunologic work on these antigens and criticize 
the results because of the lack of purity of the original antigen used for the 
production of antibodies. ROBYN comes to similar conclusions in his extensive 
and careful immunological study of HCG. This author also observes a difference 
in electrophoretic mobility of the HCG from a choriocarcinoma and in immuno
fluorescent s~udies he finds localization of the label only in the syncytium, not 
the cytotrophoblast and also not in the amnion. 

Human chorionic gonadotropin has been purified by GoT & BouRRILLON as 
a glycoprotein with a molecular weight of 30,000, an isoelectric point of 2.9 and 
an activity of 12,000 international units per milligram dry weight. Further purifi
cation of this principle, however, appears possible (REISFELD & HERTZ) and 
immunologic impurities of most preparations have been shown to exist by critical 
techniques (HAMASHIGE & ARQUILLA). The principal action of HCG appears tobe 
luteotropic and, teleologically it can be argued that its release from the implanting 
traphoblast is needed in early pregnancy in order to prevent involution of the 
pregnancy corpus luteum with its decidua maintaining activity. The evidence 
for this has been reviewed by RYAN. Whether the early peak in HCG production 
and its second peak ( v. i.) are of biologic importance is unknown at present. 
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TROEN has suggested from placental perfusion results that the addition of HCG 
to the perfusate in the presence of estradiol increased the estriol output of the 
placenta while in younger placentas BüLTE et al. found no such influence. V ARAN
GOT et al. in elaborate perfusion studies of term placentas confirm the slight 
enhancement by HCG on Cwhydroxylation but find no increase in Cwsteroid 
aromatization (see also ÜEDARD et al.). After due consideration, these authors 
consider the possibility of an influence of HCG on the TPNH system necessary 
for above reactions, a suggestion which undoubtedly will soon be tested in various 
incubation systems. In any event, the effect of HCG on steroid secretory processes 
of other sites (ovary, testis) has been shown (review by FRIESEN & AsTwoon) 
and such future investigations may weil uncover important new reasons for the 
existence of this hormone. 

The reason for the intense interest in the excretion pattern of HCG of course has 
been the fact that it has served as the best means of the early detection of pregnancy 
by the various well known biologic pregnancy tests (e.g. rat ovarian hyperemia, frog 
sperm release, etc., review by HoN). Moreover, these tests have served in some instances 
to follow individual pregnancies and allowed conclusions concerning their normality. 
More importantly though from a clinical point of view, it has been possible to make a 
judgement of the presence of a hydatidiform mole and to follow the disappearance of 
trophoblast in patients harboring a choriocarcinoma and to assess the efficacy of treat
ment of such tumors. The difficulty has been, to standardize the various biologic 
assay systems and their relatively wide margins of error. The introduction of im
munologic techniques, pioneered in Sweden since 1960, has established numerous new 
possibilities for assays whose ease of performance, quantitative sensitivity and com
parability and low cost opened an entirely new field of investigation. Already now it 
is difficult to survey these assays with any measure of completeness which also is 
probably not warranted in view of the fact that the last word has not been spoken. 
Sufflee it to say that commercial and rapid tests are now in use which allow more 
unequivocal early pregnancy diagnosis and an appraisAJ of curves of excretion in 
individual pregnancies. LAu and coworkers have summarized most of these techniques 
and present a detailed complement fixation method, compare it with good results 
with DELFS' older excellent serum HCG biologic assays and their method allows a 
direct quantitation of the number of International Units (l.U.) of HCG. These authors 
also refer to the two WHO conferences on the subject and point out the problern in
herent in all immunologic tests, that of impurities (see also BRODY & CARLSTRÖM, 
1963). 

Rapid slide tests for HCG activity in urine include the latex particle agglutination 
(LITTLE et al.), agglutination inhibition (SOLBACH & ZIMMERMANN) which, according 
to YAHIA & TAYMOR is extremely rapid and reliable, and inhibition of tanned red 
cells (e.g. WAYNFORTH et al.). The need for the use of fresh specimens is emphasized 
by several of these workers and it is particularly necessary when complement fixation 
tests are used because of anticomplementary activity of bacteria in urine samples 
(LYNCH & ScHWABACHER). Because these methods are sensitive and subject to new 
types of interferences as yet to be fully explored, the concurrence with other methods 
has not always been complete. HoBBON and others have discussed the possibility of 
unrecognized early abortions in such instances but other possibilities will have to be 
ruled out as well (SALZBERGER & NELKEN). In any event, these techniques have 
allowed a new assessment of the constancy or variability of HCG production in normal 
and abnormal pregnancies. 

BRODY & ÜARLSTRÖM (1965) follow the serum levels throughout 20 normal 
gestations at intervals of 3-4 weeks by complement fixation reaction. They confirm 
the sharp and acute peak in the first trimester, the falling off in midgestation and 
a smaller but definite second rise in the last trimester. Particularly in the latter 
months, considerable scatter of levels was observed and women having male 
fetuses bad lower levels than those with female fetuses. The hemagglutination
inhibition method was employed in CoNNON's study of 10 normal pregnancy 
urines which also showed a biphasic excretion pattern, the secondary rise appearing 
at the 32nd week. At the height of its production, up to perhaps 150,000 LU. are 
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excreted daily (60th day), the Ievel falling to 10,000 I. U. in midpregnancy and 
rising to perhaps 15,000 I. U. daily in the last trimester (LORAINE & ScHMIDT
ELMENDORFF); however, CoNNON finds by her technique that Ievels never fall 
normally below 15,000 I. U.jliter urine. Obviously, until the new methods are 
compared with one another and impurities removed from the starting antigen 
it is impossible to draw accurately new and as attractive curves as we have been 
used to memorize in the past. 

In addition to ascertaining the precise quantities of HCG produced during 
normal pregnancies it would be useful to learn whether deviant Ievels appertain 
to specific gestational disturbances. Using a very sensitive disk electrophoretic 
method, LYTLE & HASKELL detected the first HCG 10 days following the missed 
period of normal pregnancy and find reduced amounts in threatened and prospec
tive abortions. They suggest future densitometric adaptations of this attractive 
method. Multiple pregnancy can occasionally be anticipated, as the report of 
triplets and the review by JACOBOWITZ (rat ovarian hyperemia test) indicates. 
On the other band, GoPLERUD & BRADBURY, using similar techniques, were not 
invariably so successful. These authors also refute from their study the notion 
that there is a dernonstrahle relationship between the development of toxemia, 
premature Iabor and fetal mortality and HCG Ievels in diabetics. On the other 
band, elevated Ievels were found in a majority of pregnancies with hydramnios 
and hydropic fetuses with erythroblastosis. RYAN and LoRAINE & ScHMIDT
ELMENDORFF review the older controversial findings which attempt to correlate 
HCG Ievels with the state of abnormal pregnancy. At this time, one Iooks forward 
to a renewal of interest in this field and employing modern, uniform techniques 
and accurate diagnostic criteria. Very few quantitative studies have been perform
ed on the HCG content of fetal blood or the whole fetus. BRUNER concluded with 
older bioassay methods that only comparatively small quantities of HCG reach 
the fetus. A modern study, using immunological techniques comes from LAU
RITZEN & LEHMANN. These authors refer to all previous work, describe their 
findings in 50 newborns, 8 pregnant women and compare the Ievels obtained with 
titers after a single quantitative injection of HCG. Considerable scatter was 
observed in their urinary studies; nevertheless it was learned that the fetal/ 
maternal ratio of HCG is of the order 1/10-20. Newborns excreted during the first 
24 hours of life often no HCG, at times up to 750 I. U.fliter and there was usually 
a significant increase in those babies delivered of toxemic mother (up to 2250 
I. U.fliter). Within four days all HCG was oleared from the fetal organism. They 
could detect an A/V difference in the cord blood (165-250 I. U.jliter) and speculate 
on the possible fetal endocrine effect this substance might have. Also, the authors 
promise data on earlier gestational ages in the future. In the light of a higher HCG 
excretion in decompensated erythroblastosis ( ? because of proliferation of tropho
blast araund edematous villi) and the presumed direct relationship to maternal 
ovarian theca Iutein cysts simulating those of molar pregnancies (BURGER; 
ÜHRISTIE; RABINOWITZ et al.) one would like to know whether these Ievels are also 
reflected in the fetuses because of the occasionally striking fetal follicular luteiniza
tion found at autopsy. CoNNON has recently employed the hemagglutination
inhibition test to follow rhesus-incompatible pregnancies and points out that 
daily determinations are necessary if these tests are to be used for an assessment 
of the normality of an endaugered pregnancy. In some patients with unfavorable 
outcome no change in HCG excretion was found, however, two patients who had 
hydropic offspring showed lowered HCG values in midpregnancy which were to 
be followed by a sharp rise in the third trimester, presumably coincident with 
the development of fetal and placental hydrops. McCARTHY & PENNINGTON report 
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similar findings, however, despite high matemal HCG levels, those in the amnionic 
fluid of hydropic babies were decreased. ÜARUSO et al. employ pregnancy gonado
tropin tests to follow the involution ofthe placenta in a peritoneal pregnancy. 

The quantitative determination of H CG in urine and serum has been of the 
greatest value in pregnancies resulting in hydatidiform moles or leading to the 
development of choriocarcinoma. Not only have the HCG Ievels been often 
diagnostic of such complications but also, after the establishment of the diagnosis, 
regular determinations may gauge the progression of the disease, its involution 
or the therapeutic efficacy of drugs. Among others, MATHIEU provides an early 
appreciation of the value of pregnancy tests in this respect. He also indicates 
that the frequently cystically altered (nonneoplastic) ovaries which result from 
the excess HCG secretion are capable of storing HCG, slowly releasing it and 
accounting for prolonged excretion of this principle even after the removal of its 
chorionic source. SMALBRAAK brings this Iiterature up to 1957 and adds his 
considerable personal experience. In these pregnancies, if degeneration has not 
already taken place at the time of analysis, the HCG Ievels are usually consider
ably elevated (HAMBURGER; LIMAGE & DE BLIECK; others) and because of the 
incredible values occasionally reached, they may in themselves be diagnostic 
or highly suggestive of the underlying condition. More recently, however, it has 
been possible to substantiate these findings further by the simultaneaus deter
mination of estrogens. Already in 1959, HERTZ had found that the response of 
hamsters bearing choriocarcinoma transplants was such as to suggest production 
of HCG in the simultaneaus absence of estrogen secretion. Since then, quantitative 
studies (e.g. FRANDSEN & STAKEMANN, others v.i.) have supported this and one 
is now able to employ these methods not only for considerations of origin and 
turnover of various placental hormones but also for the clinical differential diagno
sis. DELFS has summarized her extensive and painstaking studies which help in 
establishing prognosis and rendering care to women suffering from trophoblastic 
malignancies. TASHIMA et al. followed the HCG levels (rat ovarian hyperemia) 
in the cerebro-spinal fluid of two men with cerebral choriocarcinoma metastases, 
reaching levels of 200,000 and 600,000 I. U.jliter. Of eight other patients with 
choriocarcinoma and not involving the brain, HCG was found only in three whose 
urinary excretion was over 1.4 mill. I. U.jliter and they suggest quantitative 
determinations to be exceedingly helpful in differential diagnosis. These authors 
consider that in the latter three patients the cerebrovascular "barrier" was over
whelmed by circulating gonadotropin. Here again, it is likely that the future 
employment of immunologic and more sensitive techniques, particularly because 
they are easier to apply, will aid in our appreciation of such phenomena as spon
taneaus disappearance and long-term persistence of traphoblast to which we have 
made reference in Chapter XIII. Lacking any evidence to the contrary, one must 
assume that the elevated levels of HCG in moles and choriocarcinoma reflect the 
amount of syncytium present rather than a functional difference from that of 
normal trophoblast. However, it is apparent that the sharp decline of HCG Ievels 
after the third month of normal pregnancy is not correlated with a simultaneaus 
disappearance of most of the syncytium and one is forced to invoke unknown 
regulatory phenomena which may equally apply to abnormal gestations. Much 
further work will be necessary before we can grasp these phenomena completely. 
In this connection it may be of interest tobe aware of an interesting recent finding 
in the veterinary field. The pregnant mare carries in her serum a specific gonado
tropin (pregnant mare serum gonadotropin-PMSG) which does not appear in the 
urine. In studies on mares pregnant with foals and those with mules, ÜLEGG et al. 
provide convincing evidence that the PMSG Ievels in the latter circumstances were 
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remarkably lower (1/10th the expected for a pregnant mare) and they suggest 
that the fetal genotype may be an important modifier of placental physiology. 
Inasmuch as women carrying boys have a lower HCG excretion (BRODY & CARL
STRÖM, 1965) perhaps other regulatory mechanisms ofthisnature are worthy of 
study. 

Placental Lactogen 

There is now considerable evidence available for the production of a principle 
with lactogenic properties by the human placenta. EHRHARDT was the fiTI>t to 
suggest its presence (? pituitary origin) and several Japanese publications give 
further details ofmethods of extraction and purification (ITo & HIGASHI; HIGASHI; 
KUROSAKI} using pigeon crop gland and mucous membrane maturation as the 
test method. In 1962, JosiMOVICH & MoLAREN purified a protein from sera of 
pregnant women and retroplacental blood which possessed pigeon crop gland 
activity, stimulated Iactation in pseudopregnant rabbits, had immunologic pro
perties similar to pituitary growth hormone but it did not show such biologic 
activity in rat tibial plates. It could be obtained in large quantities from the 
term human placenta but despite its presence in the matemal serum at term it 
was not found in cord blood. Since this publication, numerous studies have 
further clarified many aspects of this new principle. Thus, JoSIMOVICH et al. de
scribe the luteotropic activity of human placentallactogen (HPL) and show its 
being distinct from that of HCG. Because of their finding some degree of growth 
stimulation in rats, KAPLAN & GRUMBACH (1964) suggest the term human chori
onic "growth hormone-prolactin" for this active substance. They confirm the 
immunologic relationship to pituitary growth hormone and speculate that this 
substance may have anabolic activity for the fetus. CoHEN et al. present a column 
chromatographic method for purification and from the same group comes a report 
localizing the hormone to syncytiotrophoblast (SCIARRA et al.). Because of the 
immunologic cross reaction with pituitary growth hormone (HGH), these authors 
used anti-HGH, fluorescein labelled, and find it to localize specifically in the syncy
tial cytoplasm. Cytotrophoblast was unstained, anti-HCG did not inhibit the 
reaction and it was found in placentas from 12 weeks on to term. JosiMOVICH & 
ATwoon find the substance in serum and placenta of a hypophysectomized patient, 
in abortion specimens and in higher concentration in a hydatidiform mole and 
suggest a urinary excretion curve with a high early peak similar tothat of HCG. 
They review the luteotropic and other activities of HPL and suggest that perhaps 
these two hormones have a synergistic activity in many aspects (luteotropic, 
anabolic). It was found to be absent from decidua (JoSIMOVICH & BRANDE) but 
production by in vitro placental cultures has been achieved by GRUMBACH & 
KAPLAN who were the first to report a sensitive radioimmunoassay method. 
These authors could not confirm a similar excretion pattern as that of HCG with 
a first trimester peak, and FRANTZ et al. as well as BECK et al. support this result. 
Moreover, these authors detect the hormonein two male patients with testicular 
neoplasms and, from the different ratios of HCGJHPL in these patients, they 
infer that their secretion is not governed by similar regulatory mechanisms. Two 
women with moles did not show striking levels of HPL. The authors make an 
interesting observation concerning the possible mammotropic activity of HPL in 
their two males. One patient with high levels had gynecomastia, but not the 
other and the authors suggest that HPL, in addition perhaps to estrogen, is physio
logically mammotropic at certain levels, a suggestion which warrants future 
quantitative work. FRIESEN, as well as GRUMBACH & KAPLAN; TALLBERG et al.; 
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FRANCIDMONT, have provided detailed protocols for the purification of this sub
stance and it is of considerable interest now to note that, while HPL increases 
steadily in the matemal serum as pregnancy advances, it is present in only minute 
quantities in fetal blood. In contrast, human pituitary growth hormone reaches 
"acromegalic" Ievels in fetal blood (GRUMBACH & KAPLAN; KAPLAN & GRUMBACH 
1965). In their earlier paper, these latter authors speculate on the possible physio
logic röle (steroidogenesis, Iactation promotion, Iuteotropin, interaction in glucose
fat metabolism) of this placental product. Currently it is most likely that both 
HCG and HPL interact synergistically with pituitary substances (luteinizing hor
mone and growth hormone) and that effects formerly ascribed to any one of these 
principles will have to be reassessed critically. The growth hormone-like activity 
ofthis principle, in addition to its lactogenic property, has often been emphasized 
by GRUMBACH & KAPLAN and, more recently by FRANCIDMONT. It is possible, 
as the studies of the latter author suggest, that more than one physiologically 
active moiety compose this protein extract from the placenta. TALLBERG and his 
colleagues describe its absence from fetal cord blood, its occurrence in pregnancy 
sera from the beginning of the second trimester onward, detection in maternal 
urine and in the amnionic fluid. BECK et al. measure HPL by radioimmunologic 
means, find it first in the 8th week of pregnancy, determine that at term the 
serum contains 1000 times the amount of growth hormone and follow its post
parturn disappearance. Within four hours of delivery theserum Ievels are so low 
as tobe unmeasurable. From these data they consider a half-life of 21-23 minutes 
for the hormone and estimate that toward term between 3 and 12 grams must be 
synthesized daily! A comparison with Ievels in diabetic pregnancies showed no 
differences. 

Other protein hormones 

Much less evidence exists for the presence or elaboration of other protein hormones 
by the placenta. Nevertheless, in view of the burgeoning investigations just cited and 
begun only a few years ago, one will have to keep on open mind. The presence of such 
other principles as thyrotropic hormone (TSH), melanocyte stimulating hormone (MSH), 
adrenocorticotropic hormone ( A OT H) and relaxin has been suggested and is summarized 
by BERGER & v. HaRNSTEIN. In addition to these papers, a few recent investigations 
may be cited. Thus, MSH-like material with very weak potency has been extracted 
from human placentas by V ARON and the suggestion has been made that it may be 
responsible for such phenomena as chloasma during pregnancy. We concur with RYAN 
(1962) that little evidence for the placental production of ACTH exists although the 
material has been extracted from this organ. Critical evidence against a significant 
production of ACTH by the placenta comes from t.he two patients who had hypo
physectomy during pregnancy and in whom corticoid replacement therapy was neces
sary (LITTLE et al.; KAPLAN). The possibility of TSH secretion by the placenta has 
been investigated by UEDA et al. These authors find only very small quantities upon 
extraction and conclude from various direct and inferential evidence that the elevated 
TSH levels during pregnancy are due to pituitary secretion. Contrary suggestions were 
made by ÜDELL et al. who consider the traphoblast to be capable of secretion of a 
weakly thyrotropic substance, at least the tissue of choriocarcinomas. A final decision 
is awaiting further purification of the activities. So far as relaxin is concerned, the 
evidence again is not complete although in other species (rabbit) its placental origin 
(usually it is ovarian) seems secure. The work with relaxin has been hampered by the 
necessity to work with difficult biologic assay techniques. There exists an abundant 
histochemical Iiterature which has been summarized by DALLENBACH-HELLWEG & 
NETTE and from which it has been concluded that the so-called basophilic tropho
blastic cells of the placenta and basal plate are concerned with secretory phenomena, 
perhaps relaxin production. In a more recent study, DALLENBACH & DALLENBACH
HELLWEG use the direct and indirect Coons technique with rabbit-anti-relaxin anti
hodies to localize this antibody. They find apparently sparse but specific fluorescence 
only in the cells with protein-inclusions previously referred to, namely "trophoblast" 
of the basal plate and endometrial granular cells and speculate on the significance this 
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localization or the production ofrelaxin may have during labor and delivery. Inasmuch 
as the nature of these basal cells is still in dispute (see Chapter VII, Cysts) and since 
the villous traphoblast remained unstained, it seems doubtful that one should 
assign relaxin production to the human placenta at this time. 

While from time to time suggestions have been made that other protein hormones 
than those cited may also be produced in placental tissue, evidence is inconclusive 
and no further reference will be made to these reports. Of great future interest will be 
studies concerning inactivation of some principles by enzymes of the placenta (e.g. 
oxytocinase) and transport of protein hormones across the placenta with possible 
action on the fetus. Too little quantitative information is currently available for a 
meaningful review of these topics. 

Steroid Hormones 

There is now ample evidence that the placenta has the capacity to produce 
de novo and secrete several steroids, principally progestins and estrogens; more 
importantly perhaps, it is now being shown that this organ is but one compart
ment of a highly complex system in which both matemal and fetal steroid pro
ducts interact. The reviews of RYAN (1962) and of DICZFALUSY (1964) treat this 
subject in great detail, both of these investigators having made many important 
contributions in the recent past. While many of the metabolic potentials and 
pathways have now been clarified by the use of incubation studies and double
labei precursor in situ perfusions of human placentas, it is still difficult to visualize 
all interactions in quantitative terms. Moreover, as will be seen, since these 
reviews, new findings have necessitated some adjustment of the predictions and 
clearly, the end is not yet in sight. What has emerged though is the realization 
that the jetus plays a very important röle in the consumption of steroids shipped 
from the placenta and, in turn, he serves as a major source of precursors for 
estriol production by the placenta. A similar but different röle is played by ma
ternal precursors and the conjugation of steroids with sulfuric acid in the fetal 
system, so often emphasized by DICZFALUSY, is a new variable which is gradually 
being unraveled as an embryonie device, perhaps to "inactivate" the compounds 
or to render them more capable for further pathways. These rapidly advancing 
techniques have now progressed to the stage where they constitute a powerful 
tool in clinical medicine. 

Where in the placenta is this steroid manufacture taking place? Amazing as it 
seems, all evidence implicates the syncytial trophoblastic cells for this activity as well. 
WrsLOCKI and colleagues have gathered the earlier histochemical evidence for this 
contention which has since been supported by the specific localization of several en
zymes whose primary concern would seem to be steroidogenesis (W ATTENBERG; LOBEL 
et al.; GoLDBERG et al.; BAILLIE et al. ), usually in the syncytium, but weakly also in 
cytotrophoblast (LOBEL et al.; UHER & JIRASEK). HAGERMAN states in his complete 
review of placental enzymes that "of particular note is the large number of steroid
metabolizing enzymes, as predicted from the known functions of the placenta. Only 
the adrenal is moreversatile than the placenta in steroid transformations". The homo
logy oflipiü droplets with steroid substances identified light-microscopically (WISLOCKI 
et al.) has recently been debated amongst electronmicroscopists and the final word is 
not at hand. RHODIN & TERZAKIS and TERZAKIS who produced superior electron
micrographs of term and early placentas point out that a discrepancy exists in that 
lipid droplets (light microscopic) diminish toward term while steroid content and pro
duction increases in the placenta. Because of vastly improved techniques they can 
differentiate strongly osmiophilic lipids and less dense granules. The former are intra
and intercellular, undoubtedly Iipides and these authors consider them nutritive Iipides 
in transit. The second granular products are associated with Golgi areas, they increase 
toward term and TERZAKIS proposes to equate this sccond type of droplet with steroid 
products. YosHIDA takes issue with this concept on the basis ofhis own ultrastructural 
studies which he correlates with PAS stains. In his view, the granules under considera
tion do not represent steroids but glycoproteins such as HCG. With the immense 
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steroid tasks performed by the placenta it is surprising that, as WYNN states (p. 249, 
l.c.), "I believe the syncytium produces both, although its mitochondria do not contain 
the tubular cristae said tobe characteristic of other steroid-producing cells". Is it then 
possible that the primary steroidal function ofthe placental traphoblast is modification 
of precursors rather than synthesis and that this function calls for a cytoplasmic 
apparatus of different structure than that seen in other steroid-producing cells? Future 
studies undoubtedly will clarify these difficult issues. 

Progesterone 

Steroid molecules are constructed in many steps, requiring numerous specific en
zymes, ultimately from acetate via cholesterol. 

Acetate --+ Cholesterol 

From cholesterol, the principal precursor Ll5 -pregnenolone (a313-hydroxy-Ll5-steroid) 
leads directly to the formation of biologically active steroid hormones, particularly 
progesterone. 

Ll5- Pregnenolone ---+ Progesterone 

This 0 21-steroid serves as the origin for many other principles which are produced 
through the specific activity of enzymes by hydroxylation, splitting of side chain, 
aromatization, etc. Only recently has it been shown in incubation experiments that 
the placenta is capable of de novo synthesis of steroids from acetate. Thus, v. LEUSDEN 
& VILLEE were able to show cholesterol synthesis in minced placental tissue and HCG 
infiuenced steroidogenesis. MoRRISON et al. found a significant conversion by mito
chondrial acetone-dried powder from a term placenta, in the presence of TPNH, of 
cholesterol to pregnenolone and progesterone. This latter step, rather than de novo 
synthesis is currently the one held most likely to be responsible for the appreciable 
secretion (263 mg per day, BENGTSSON & EJARQUE} of progesterone in the term 
pregnancy. It is suggested by DICZFALUSY and others that maternal blood fumishes 
cholesterol andjor pregnenolone in quantities sufficient for placental steroidogenesis 
to be initiated. Evidence suggests that the fetal circulation is unnecessary for this 
reaction to take place at a near normal pace (CASSMER). On the other hand, the 
demonstration by BENGTSSON et al. that radioactive progesterone localizes in many 
fetal tissues, particularly the fetal adrenal cortex, indicates perhaps that this placental 
product is utilized for further fetal steroidogenesis. 

Progesteroneis conjugated rapidly in the matemal circulation (turnover time 
3.3 minutes) and changed by various enzymes to manyfurther products (seeRYAN). 
This may, in part, explain why progesterone therapy of threatened abortions has 
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not been very successful (FucHs et al.; NILSSON). In part (10-20%) the break
down products of progesterone appear in the urine as pregnanediol and its estima
tion has long been used to assess progesterone production during pregnancy. In 
view of recent findings the predictive value of many of these studies must now 
be questioned; moreover, the scatter of pregnanediollevels has been enormous. 
Recent quantitative and chemical serum progesterone determinations have not 
always shown good correlation with urinary pregnanediol levels and an inter
pretation with respect to survival of the fetus or degeneration of the placenta 
must be done with great care (see RYAN). In contrast, the estriol determinations 
have much better prognostic value (see for instance TEN BERGE; GREENE et al., 
and others cited below). RAWLINGS & KRIEGERsuggest that high levels of pregnan
ediol excretion are more characteristic of pregnancies with male fetuses. Patients 
with choriocarcinoma and hydatidiform moles produce pregnenolone as meta
bolite, however, the quantities arenot as excessive, as those of HCG, andin some 
cases they are within the range of nonpregnant patients (FINE et al. ; FRANDSEN & 
STAKEMANN; MAcNAUGHTON). The explanation for these apparently morefrequent 
low values is not at hand as yet and in a recent review of endocrine factors in all 
types of pathologic pregnancies, BENGTSSON & FucHs come to the same con
clusion. 

The questionable value of low pregnanediol excretion figures and the subsequent 
therapy with progesterone etc. has been reviewed by some authors cited above and 
by GoLDZIEHER. In view of the recent vogue of treating patients with habitual and 
threatened abortion with synthetic steroids, for which a progesterone-like effect obtains 
so far as the uterus is concerned, it must be cautioned that fetal complications, e.g. 
virilization of external female genitalia (see recent report by HAGLER et al.) have been 
reported. GoLDZIEHER insists, however, that a causal relationship is not proven and 
that of all these analogues only medroxyprogesterone may be of genuine value. CHRIST 
et al. provide analytical evidence that some of these compounds cross the placenta 
rapidly, while WHARTON & ScoTT show that norethindrone has a catastrophic effect 
upon the developing monkey fetus. The chemistry of the various progestins has been 
summarized by CAREY. 

These various publications and those of WARREN & TIMHERLAKE; CsAPO & 
PINTO-DANTAS; KuMAR et al.; FucHs also concern themselves with the physiologic 
action of progesterone in the pregnant woman. This subject is under very active 
study and extremely controversial. The decidua-producing activity of this steroid 
is well established and some inßuence upon human myometrium, at least in vitro, 
seems secure enough. What is controversial still is whether locally high pro
gesterone concentrations at the placental site myometrium are responsible for 
the inhibition ofuterine contraction (labor) and whether a speculative decrease in 
production toward term initiates birth. In addition to the local uterine response, 
progesterone elicits respiratory, central nervous and other changes which have 
been competently reviewed by KAPPAS & PALMER. As indicated previously, pro
gesterone and other steroids are capable of crossing the placenta and appear 
rapidly in fetal blood. The intricate and variable mechanisms of this transfer 
have been summarized by LEVITZ & DANCIS (v.i.), and CASTREN et al. among 
others show this transfer directly by the use of labeled progesterone injected 
intravenously prior to sterilization at midpregnancy. Earlier, ZANDER et al. 
showed its presence and various products in cord blood and DICZFALUSY has 
summarized the substantial evidence which indicates that progesterone serves as 
one of the most important precursors for fetal steroidogenesis. 

What emerges then is the following picture: From precursors such as chole
sterol or pregnenolone (see PION et al.), the placenta produces relatively large 
quantities of progesterone, increasing with gestational advance. The progesterone 
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is, in part, elaborated into the matemal blood andfor uterus, where it is rapidly 
altered and has a very short life span. Part of it appears as pregnanediol in the 
urine. In part, progesterone appears in fetal blood and is used by fetal endocrine 
tissues for further steroidogenesis by adrenal and testis, perhaps the liver. In the 
case of fetal death, progesterone secretion of the placenta is not immediately 
markedly decreased and pregnanediol excretion therefore does not serve as a 
sensitive indicator for the disturbance of pregnancies. The trophoblastic produc
tion of progesterone in moles and choriocarcinomas is variable and its regulation 
warrants further sophisticated study. The decidua-maintaining capacity is un
doubted and whether progesterone has other important matemal homeostatic 
implications needs further exploration. 

Estrogens 

In a highly readable story, G. W. CoRNER has told the early history of estro
gens, steroids which have occupied so much of our recent attention with respect 
to placental physiology. Large amounts of estrogenic hormones are excreted 
during normal pregnancy, the source of which resides in ovary and placenta. 
Inasmuch as little decline in estrogen Ievels can be demonstrated in oophorecto
mized patients during pregnancy (ALLAN & Donns) and because estrogens can 
be extracted in substantial quantities from the placenta (e.g. DICZFALUSY & LIND
QVIST; ScHMIDT-ELMENDORFF) the major source of these steroids must be the 
pregnant uterus. Moreover, estrogen Ievels fall rapidly during the post parturn 
period. 

Principally three estrogens can be demonstrated, of which the first two are readily 
interconvertable: 17·13-estradiol, estrone and estriol. The 16-cx-hydroxy group of the 
latter substance is placed upon this steroid ring by a specific enzyme, 16-cx-hydroxylase, 
which has not been found in the placenta and, until recently, the mechanism of pro
duction of the large amounts of estriol during normal gestation has been difficult to 
account for. It is now appreciated that the 16-cx-hydroxylated precursors stem, in 
larger measure, from fetal production sites (adrenal and liver}, in smaller part from the 
matemal blood. Thus, the production of estriol has become recognized to be intimately 
related to fetal endocrine organs and the fetal circulation. The assessment of ratios 
estradiol + estronejestriol thus serves as a means to appreciate fetal wellbeing, often 
estriol values alone are useful as an accurate guide. 

Formerly, estrogen assays were elaborate procedures but since the pioneering work 
of BROWN and others, quantitative and sensitive means are now available for the 
determination of these substances in blood and urine (SMITH & ARAI; DALE et al.). 
By these techniques a host of new estrogenic compounds has become uncovered which 
have presumably less physiological and practical implications. These are adequately 
covered in the reviews by RYAN; BROWN, 1963 and GOLDZIEHER. 

In contrast to some other steroid hormones, estrogens (C18-steroids) are not con
structed directly by the cellular enzymatic activities from such innocuous precursors 
as cholesterol but take their issue from potent intermediates, principally androgens 
or androgen-like compounds (C19-steroids). This is true whether the site of production 
is ovary, adrenal or placenta, and we owe the concept of this conversion to MEYER 
and the main experimental work to RYAN (1958; see there evidence of all former 
work). This conversion concerns principally an aromatization of ring A of the steroid 
nucleus as indicated in oversimplified fashion by this step: 
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Most androgens (testosterone, androstenedione, dehydro-epiandrosterone (DHEA 
etc.) are capable of serving as direct precursor substances for estrone and estradiol. 
Since the placenta is unable to place a hydroxy group at position 16, the occurrence 
of large quantities of estriol has long been a puzzle. Very recently, however, it has 
been shown that 16-a-OH-DHEA occurs in suitable quantities in fetal blood and that 
this compound is readily converted to estriol, thus explaining previous hypothetical 
assumptions. 

OH 

~m 
HO~ 

OH - _m ... OH 

HO~ 
Estradiol Estriol 

The very active aromatizing enzyme activity accomplishing this reaction 
resides in the microsomal fraction of the term placenta. Progesterone is not an 
active direct precursor (JAFFE et al.). Thein vivo conversion to estrogens oflabelled 
DHEA-sulfate (DHEA-804) was elegantly demonstrated in pregnant women by 
BAULIEU & DRAY and by SnTERI & MAcDONALD, also in the presence of a hyda
tidiform mole and an anencephalic fetus. Previously it had not only been shown 
that the placenta possesses active sulfatases but also that much of the fetal 
steroids are produced in this conjugated form. Whether the sulfate enters the 
placental cells more readily, as the former authors conjecture, or not, it appears 
that in this form DHEA is a more efficient estrogen precursor. Subsequent work 
(BüLTE et al.) has extended these observations by showing that the placenta 
accomplishes this conversion most efficiently when perfused via the umbilical 
vessels and remaining in situ. Also, this work indicates the placental deficiency 
of 16o:-hydroxylation. However, in their next publication, these authors find 
that DHEA, rather than its sulfate is more capable ofbeing converted to estrogens, 
unlike BAULEAU & DRAY's results, which are discussed. Most recently, MoRATO 
et al. could show preferential use of the sulfate in in vitro conversion experiments 
and they review the complex subject. Finally, BoLTE et al., in their publication 
which employs simultaneaus fetal and maternal precursor injections, elaborate 
on a detailed scheme which considers the "feto-placental" unit as a whole and 
the proposed placental androgen "barrier". This has been further amplified by 
critical studies of WARREN & TIMBEBLAKE using DHEA & DHEA-804• At this 
time it is perhaps accurate to say that the real meaning of active conjugation in 
the fetal organism is not fully understood although this real difference when 
compared with adult steroidogenesis is apparent and presumably important to 
fetal homeostasis. Not all in vitro and in vivo work is as yet readily reconciled, 
suffice it to say DHEA and l6::x-OH-DHEA and their sulfates play major röles 
as precursors for placental estrogen synthesis. The fetus produces little if any 
estrogen himself. 

It has previously been outlined that progesterone and pregnenolone are readily 
available to the fetus and his capacity for steroidogenesis has long been known. 
Can he make the appropriate precursors in his huge adrenals 1 Early indication 
came from extraction of 019-steroids of fetuses (BLOCH et al.) and these have been 
followed by numerous in vitro experiments employing various precursors (e.g. 
BLOCH & BENIRSCHKE; SoLOMON et al.; VrLLEE & LoRING, among others). This 
is further supported in vivo by, for instance, SIMMER's et al. demonstration of an 
arteriovenous cord blood difference of DHEA-sulfate. Further literature may be 
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found in these publications and the review articles previously cited. This has been, 
for the morphologist, the most interesting area because of the puzzling existence 
in man and a few other species of the huge fetal zones of the adrenals and their 
deficiency in older anencephalic fetuses (summary by BENIRSCHKE et al.; BE
NIRSCHKE). Similar usage of progesterone by the fetal testis has been documented 
by AcEVEDO et al. and BLoCH. Histochemically, JIRASEK & LoJDA have supported 
the enzymatic capacity of fetal adrenals and summarized the literature. More 
important perhaps for clinical practice and future exploration of the whole 
estrogen metabolism of the pregnant woman is the recent demonstration by 
MAGENDANTZ & RYAN and CoLAS et al. of the isolation of 16ot-hydroxydehydro
epiandrosterone conjugate from umbilical cord blood and its rapid aromatization 
to estriol. REYNOLDS showed the excretion of this compound (i.a.) in neonatal 
life and these authors have summarized the evidence that 16ot-OH-DHEA is likely 
to arise from the fetal adrenal gland. This gland has a high activity of the enzyme 
system for such synthesis (16ot-hydroxylase) as shown for instance by VILLEE et al. 
and NEHER & STARK had early drawn attention to the fact that 16ot-hydroxy
testosterone occurred in larger quantities in placentas than corticoids (21-steroids, 
e.g. cortisol, cortisone) and that it might well be an efficient estrogen precursor. 

Currently then it is held most probable that most estriol is formed from a 
16ot-OH precursor such as elaboratedas a sulfated compound (16ot-OH-DHEA-S04) 

by the fetus, rather than stemming from a conversion of estrone or estradiol. 
(It must be bome in mind, however, for future studies that TROEN has detected 
some radioactive estriol in a few placental perfusates when HCG and radioactive 
estradiol were supplied in the medium. ÜEDARD et al., on the other hand, showed 
an enhancement of aromatization when HCG was added. The former observation 
needs critical reevaluation). 

That the matemal adrenal produces little of these precursors was shown directly 
by HAUSKNECHT who studied two patients before and after adrenal suppression and 
found no change in estrogen excretion. It is of parenthetic interest here that the study 
of JmKu & LAYNE in a pregnant chimpanzee has indicated that a similar mechanism 
may be operative in that species. In another primate whose fetus has "fetal adrenal 
cortices", the marmoset monkey, the placenta was also active in aromatization 
(RYAN et al.) and future studies of such comparative nature are awaited with great 
interest. Current work on the armadillo by BRINCK-JOHNSEN et al. points in the 
direction that this species with its large fetal adrenal may have similar capacities. 

In pregnancies complicated by anencephalic fetuses the urinary excretion of 
estrogens and more strikingly estriol is uniformly low (FRANDSEN & STAKEMANN; 
SIITERI & MAcDoNALD; CoYLE), and MAcDoNALD & SIITERI provide quantitative 
evidence that matemal DHEA is the principal but minimal precursor for estriol 
in such cases. When an early anencephalic pregnancy is examined, at a stage when 
fetal adrenals are stilllarge, then estrogen excretion may be normal (FRANDSEN & 
STAKEMANN, 1964). It is of interest also that the fetal precursor production for 
estrogens appears to be much impaired when his liver is deficient (CoYLE). It 
would be of great interest now to know what the matemal estrogen excretion 
might be when she delivers infants which the adrenogenital syndrome, since 
JEFFCOATE et al. could show much increased Ievels of 17-ketosteroids and preg
nanetriol in amnionic fluid of such a case, while these steroids were abnormally 
low in an anencephalic (see confirmation of low 0 21-steroids by PENNINGTON). 

These and the subsequent findings had been more or less predicted by CASSMER's 
elegant studies. When, at hysterotomy, the fetuswas removed, the placenta left 
in situ and umbilical vessels were mechanically perfused, there was a continued 
matemal excretion of HCG, a slight initial fall in urinary pregnanediol and an 
immediate and marked decrease of estrogen excretion. When matemal blood was 
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then introduced into the fetal circulation, the estrogen excretion increased, 
presumably because the perfusate contained now again appropriate precursors 
such as DHEA. In a way, this experimentalso forecast the results now available 
from studies in patients with hydatidiform mole and choriocarcinoma. HERTZ 
had previously concluded that transplanted choriocarcinomas do not produce 
estrogens and careful interpretation of various reports supports the notion that a 
detailed analysis of the hormone status may give significant clues for the dif
ferential diagnosis (SnTERI & MAcDoNALD; MAcDoNALD & SnTERI; KocK et al.; 
BoNNANO et al., MAcNAUGHTON; FRANDSEN & STAKEMANN}. These studies all 
show that with well preserved molar tissues the excretion of HCG is increased 
over normal pregnancies, that of pregnanediol is in general approximately normal, 
while variable results were obtained with estrogen excretion. Almost always was 
the total amount greater than that of nonpregnant women but the levels were 
lower than for normal pregnancy and striking differences were noted when the 
estrioljestradiol + estrone ratio was studied. This ratio was much lower than in 
normal gestation because of a) less estriol excretion (because oflack ofprecursors
no fetal adrenals) and b) higher estrone + estradiol values (because of increased 
ovarian production-presumably because of HCG stimulation). These various 
interrelationships have been detailed in a highly readable conference monograph 
by MAcDoNALD and the evidence seems secure enough now that the fetus plays a 
major röle for normal placental steroidogenesis even when large amounts of 
traphoblast are present. 

What is difficult to understand at this time is just how placental hormone 
production is eventually regulated. Sofaras HCG is concerned, we have indicated 
that the numerical expanse of syncytium does· not coincide with that of HCG 
titers as it would, say for lactogen and progesterone. What regulates fetalestrogen 
precursor production then, other than progesterone availability? Certainly his 
hypothalamus-pituitary plays some röle, as the anencephalic's story indicates, 
but is this refl.ected in an alteration of the placenta as well? In other words, does 
the availability to the placenta of large quantities of precursors infl.uence its 
structure and function, say by the induction of aromatizing enzymes and feed
back change because of estriol production? We have no knowledge on this im
portant aspect other than the notion that the anencephalic's placenta shows some 
structural changes, like epithelial and villous stromal darnage {TEN BERGE}. 
GALTON et al. gave choriocarcinoma-bearing hamsters DHEA and saw a slight 
increase in syncytial transformations which hints in the same direction. In a 
quantitative study which compares microscopic preponderance of syncytium with 
estrogen excretion, on the other hand, there was no good correlation in cases of 
normal pregnancy, diabetes, toxemia, anencephaly etc. (BREBOROWICZ et al.). 
No quantitative enzyme studies have been made in this respect as yet and ob
viously, much needs to be learned. 

From a practical standpoint the intensive studies in the field of pregnancy 
endocrinology just cited have yielded not only considerable insight into the 
homeostatic endocrine mechanisms but also they have led to the development of 
practical means by which a pregnancy can be assessedas to its normalcy. In some 
instances this has led to an appreciation of prognostic anticipation, particularly 
in diabetic pregnancies. All authors agree, however, that single determinations, 
because of considerable scatter oflevels, are less helpful than serial determinations, 
preferably of several parameters. The Iiterature on this subject is abundant and 
has been summarized under the title "Placental Functions Tests" by GREENE et al. 
These authors compile not only endocrine data but also the enzyme studies, 
vaginal cytology, protein changes, physical tests, radiologic parameters, amnionic 
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fluid determinations and thus serve a very useful service for reference. In their 
hands, the urinary estrogen determination (DALE et al.) has served the best; 
within a few hours of obtaining urines, most laboratories can determine estriol 
excretion rates and these can be correlated with fetal well-being if curves are 
constructed over several days. The earlier studies with elaborate techniques by 
Smith, Zondek and many others referred to in these papers had shown a fall in 
estrogen excretion in cases offetal death (see e.g. BREITNER). In the newer studies, 
such catastrophe could be more accurately documented or forecasted. Thus, 
GREENE & ToucHSTONE found that no fetus survived when in the last trimester 
matemal estrogen values were consistently as low as 4 mgjday during more than 
two days. This correlation held with ail types of disturbed gestations except 
erythroblastosis fetalis, where higher or normallevels (12 mg/24 hrs.) were fre
quently associated with sick babies. In diabetes, the elective interruption of an 
advanced pregnancy when estriol levels fall, in serial determinations, is parti
cularly advocated but must be undertaken weil before the levels have declined 
to 4 mgfday (GREENE et al. 1965; WRAY & RussELL); simultaneous pregnanediol 
determinations are helpful (STRAND). These studies are now so weil accepted that 
in many clinics routine determinations are carried out in any endaugered preg
nancy and no more need be said, let alone ailliterature compiled at this early 
time (see BENGTSSON & FucHs; FucHs). 

lnasmuch as such large quantitaties of estrogen and particularly estriol are made 
in pregnancy the teleological question-Why ?-is pertinent. Most investigators (e.g. 
MAcDoNALD), however shy away from answering this (see the extensive review by 
DICZFALUSY & LAURITZEN). Far less estrogen is necessary for gestational uterine 
homeostasis, as the anencephalic pregnancy indicates, and beyond that one can say 
but little. We know of the various myometrial, breast, etc. influences that estrogens 
have (review RYAN; FucHs; etc.) and more work will be needed to answer the question 
of the "raison d'etre" as DICZFALUSY discusses it. The important effect of estrogen 
on plasma protein concentrations has been investigated recently again by MusA et al. 
(rise in corticosteroid binding globulin, beta-glucuronidase, ceruloplasmin) and the 
complicated transfer across placenta and membranes of conjugated and unconjugated 
compounds was investigated by LEVITZ & DANCIS and KATZ et al. No estriol was 
produced when placental membranes were maintained in tissue culture (JENSEN). 

Corticoids 

Very little conclusive evidence exists for the placental production of other 
steroid hormones, particularly 0 21-steroids or those hormones which have an 
adrenocorticoid glucose and water regulating activity. The relevant Iiterature 
has been compiled by FucHs. While corticoids are extractable from the placenta, 
only the placental perfusion studies by TROEN indicate that this organ may be 
the source of some 0 21-steroids. That these are insufficient to maintain anormal 
pregnancy when the matemal pituitary is excised during pregnancy is indicated 
by the two patients mentioned previously and the same is true ofpatients suffering 
from Addison's disease (review by WARREN & TIMBERLAKE, 1963). While placental 
tissue has the ability to convert hydrocortisone to cortisonein vitro, the addition 
of AOTH, HOG or lactogen to incubation media does not result in a measurable 
increase of corticosteroid production (SYBULSKI & VENNING). On the other 
hand, a variety of evidence exists that some 0 21-steroids, such as cortisone or 
perhaps cortisol, are formed by the fetus at least in vitro (e.g. VILLEE & DruscoLL, 
lit.) and substantial amounts circulate in the fetal blood. MIGEON et al. proved 
that corticoids pass the placental "barrier" relatively readily but cord blood 
values are always lower than those in the matemal circulation and from the 
finding of similar fetal and matemal levels of these hormones in anencephalics, 
NICHOLS et al. conclude that under normal conditions the fetus produces no large 
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quantities of 17 -hydroxycorticosteroids. EBERLEIN has recently done quantitative 
studies on cord bloods and discusses the problern in great detail. Contrary to 
the estrogen metabolism outlined above, corticoid metabolism of the fetus is 
much less well understood and there is good reason to believe that it is at least 
as dynamic and perhaps even more germane to fetal homeostasis. What is a puzzle 
at the moment is that considerably more cortisone rather than cortisol is found 
in fetal blood. The placenta can convert these two. EBERLEIN points out that 
the fetal adrenal cortex is deficient in 3-13-ol-dehydrogenase which is necessary to 
construct cortisol from pregnenolone. Whether the relative preponderance of 
cortisone (rather than cortisol) allows the fetal pituitary to go ahead with ACTH 
secretion remains speculative for the time being. It must be appreciated, however, 
that this pituitary function is intimately interrelated with estrogen metabolism 
(no fetal ACTH-no adrenal stimulation-nol6oc-OH- precursors for estriol). 
Moreover, presumably some adrenal preparedness of the newborn would be ad
vantageous to meet the stress of neonatallife. That intricate regulatory mechanisms 
are at work is evidenced by the findings of KREINES et al. in two babies of mothers 
with Cushing's syndrome. The fetal zones of their much atrophied adrenals had 
largely involuted as a result perhaps, the authors conjecture, of maternal-derived 
cortisol suppression of fetal ACTH. On the other end of the spectrum, excessive 
stimulation by fetal ACTH in diabetes, as for instance HoET & OsiNSKI suggest 
may lead to excessive fetal corticoid production, reflected in its occurrence in 
amnionic fluid and a "Cushingoid appearance". BAIRD & BusH were unable to 
confirm these results in a similar study and LAMBERT & PENNINGTON also find 
lower polar steroids in the amnionic fluid of diabetics, in erythroblastosis, hy
dramnios and with anencephaly. It is apparent that much further work will need 
to be done here before the interrelations are uncovered. It is also clear that in vitro 
and in vivo experiments cannot be equated in all cases, yet both need tobe pursued. 
A continuous attempt at correlating the chemical findings with disease states or 
congenital anomalies has proved most successful in the past (e.g. anencephaly, 
hydatidiform mole etc.) we feel that further work along these lines of thought 
need be done. Thus, what is the fetal plasma ACTH level in the normal, an
encephalic and adrenogenital syndrome fetus ? Is fetus or mother-derived cortisol 
the ACTH feedback control ? Does fetal HGH stimulate the fetal adrenal? Is fetal 
gonadal steroidogenesis in man under pituitary control as in the rat, does it need 
control at all or is it placental (HCG) controlled? Is the quantity of placental 
aromatizing enzymein anencephalics comparable tothat of normal pregnancies 
and is it elevated ( ? induced) in the pregnancy which yields the typical adreno
genital infant? Finally, does the placental enzyme complement suffer from 
identical deficiencies in this syndrome as the fetal adrenal ? These pertinent 
questions are answerable by present methodologies when a coordinated effort is 
made in which the pathologist can play a vital röle. They will certainly provide 
deep insight into fetal homeostasis and we can expect that thus a fascinating and 
instructive storywill be unfolded in the near future. 

Legend to schematic representation of hormones of the placenta 

In this schematic representation of the three campartmental system of gesta
tional endocrinology the central syncytium is endowed with the most important 
röle of being a barrier, a modifier and producer of most of the known active 
principles. On the right, the secretion and excretion values in the maternal organism 
are charted, avoiding logarithmic expression and representing the entire course of 
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pregnancy. Shaded are the ranges ofnormal values, dark Iines represent means. On 
the fetal side only few accepted interactions (in vivo) are indicated, the values for 
corticoids are omitted lacking conclusive evidence of their fetal origin, rather 
than maternal to fetal transfer. The curves are constructed from values given 
by BRODY & CARLSTRÖM (HCG); KAPLAN & GRUMBACH (HPL); CAREY (Pregnan
ediol); DICZFALUSY & LAURITZEN, after HEUSGHEM (estrone + estradiol); YousEM 
& STRUMMER (estriol); ZANDER et al. (fetal progesterone) and KELLER & KuBLI 
(fetal estrogens). 
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The final schematic representation of these pages simplifies the up-to-date 
findings of the most important placental endocrine products. Although incomplete 
and pulled together from many sources, it attempts to show what is currently 
defensible from the evidence here reviewed. It does not include the transfer 
functions of the "placental barrier" but in contrast to most other representations 
it gives the excretion and secretion values in a nearly comparable manner, avoid
ing logarithmic scales and drawing whenever possible on publications which 
employ modern techniques. 
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XV. Miscellaneous Conditions 

There must be a large nurober of matemal and fetal diseases which have 
effects on placental structure and, perhaps, placental function. A few such condi
tions have been specifically investigated and structural changes described; in 
others no pathologic features were recognized in placentas studied by the usual 
techniques. A majority of significant matemal diseases coincident with pregnancy, 
however, has not been studied adequately and little information is available. 

In these final pages an attempt has been made to bring together whatever 
seemed significant to us, where Iiterature exists, personal experience, and areas 
in which we think further observations need be made and recorded in order to 
correlate matemal diseases with fetal well-being. 

Diabetes mellitus 
A variety ofplacental abnormalities has been described in association with maternal 

diabetes mellitus. Extensive infarction, premature senescence, various villous angio
pathies, hydrops resembling that of erythroblastosis fetalis, increased glycogen content, 
and even morphologically normal placentas have been reported (DRISCOLL, HEIJKEN
S3:JOLD and GEMZELL, HIROTA and STRAUSS, HöRMANN, MAQUEO, et al., McKAY, 
PAINE, PLOTZ and DAVIS, REISet al., SAURAMO, TEN BERGE, THOMSEN and LIESCHKE, 
WARREN and LE CaMPTE, ZACKS and BLAZAR, HORKY). Some of these contradictions 
are explicable in terms of care and complications of the diabetes andjor supervention 
of fetal death, with secondary placental atrophy (see Chapter VIII). The presenc9 
and extent of matemal diabetic angiopathy also infiuence placental structure ( Figs. 181, 
188). 

Most placentas from diabetic patients are heavier than those from other 
gravidas at the same gestational age (Figure 312). However, with advancing mater-
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Flg. 312. Relationship of welght ofplacenta to gestatlonal age, matemal diabetes mellltus. Solid lines indicate the 
regression of placental welght on gestatlonal age among diabetlcs, and 95 percent conftdence Iimits of mean 
welghts. Broken lines represent mean weights of unselected placentas at varlous gestatlonal ages, with IImits of 
± 2 standard errors about these means. Scattergram of the 200 Individual Observations in diabetlcs ls also lncluded. 
Each specimen is entered in the scattergram, uslng symbols A, B, C, D and F, according to the cllnical classl
ftcatlon of matemal diabetes. Thls claBSiftcatlon depends prlnclpally on the duratlon of the diabetes and the 
presence or absence ofmatemal angiopathy. ClaBB Ais the mildest; Classes D and F lmply vascular compllcatlons 
in the diabette gravlda (WHITE). 
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nal vascular disease, there is less tendency to placental enlargement, and with 
severe diabetic angiopathy (retinopathy, nephropathy), the placental weight may 
be normal or less than normal. Fetal weight tends to parallel placental weight. 
When diabetes is well controlled and delivery carried out a few weeks prior to 
term, destructive placentallesions are uncommon. With severe matemal vascular 
disease , extensive infarction may occur even as early as 32 to 34 weeks of gestation. 
Histologically, the usual picture is one of "relative immaturity" (Figure 313) . 
The large, cellular, congested, and "edematous" villi are clothed in thick, obviously 
two-layered trophoblast, and mitotic activity may be evident in the Langhaus' 

Fig. 313. Typical placenta from a dlabetlc gravida. Villi are Iarge and "immature", with promlnent,loosely cellular 
stroma, thick trophobla.st, and llttle syncytial nuclear clumping. Three mitotic ftgures are seen at arrows 

(H & E x 400). 

epithelium. Intravascular blood contains increased numbers of nucleated erythro
cyte precursors, usually normoblasts. Rarely, islands of erythropoiesis are observ
ed. This composite is obviously reminiscent of the placenta of erythroblastosis 
fetalis . The placentas of diabetics with the most severe angiopathy seem less 
"immature", may even be prematurely aged, or a mixture of the immature and 
mature may be seen. The placental findings in association with matemal prediabe
tes are similar to those of diabetes mellitus when the latter condition is of a relativ
ely mild degree. Therefore, !arge placentas with histological immaturity are seen, 
but the complications of matemal angiopathy are unusual. 

Absence of one umbilical artery occurs in three to five percent of progeny of 
diabetics. Diffuse alteration of the chorionic vasculature, such as chorangiomatosis 
("fetalization" of HöRMANN) may be seen, perhaps contributing to the congested 
aspect of the gross section, and may impose appreciable burdens on the fetal 
heart. Bland chorionic vascular thrombosis seems to be commoner in the presence 
of matemal diabetes than without it, perhaps on the same basis as renal vein 
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thrombosis (Figs. 197, 199, 200). BURSTEIN et al. described endovascular proli
feration of chorionic vessels associated with diabetes mellitus. We have not ob
served these vascular lesions, except distal to occlusive chorionic thrombi, and 
following fetal death (q. v.). BuRSTEIN and coworkers also reported insulin 
binding at basement membranes in the villi of placentas from diabetics. 

PINKERTON's study of placental site biopsies from 54 diabetics failed to un
cover relationships between diabetes per se, and arteriolar disease, or diabetes 
complicated by essential hypertension, and arteriolar lesions. There was a sugges
tion of a relationship of arteriolar narrowing to preeclampsia in diabetics. However, 
in our experience with some 300 cases, decidual vascular lesions are common in 
diabetics; they comprise hyalinization with narrowing of arteriolar lumens and 
acute atherosis of small arteries (DRISCOLL). The former lesions are correlated 
with diabetes per se, the latter with severe systemic angiopathies andjor toxemias 
of pregnancy. Obviously, extensive arterial narrowing may produce significant 
impairment of uteroplacental perfusion, and sequelae thereof (See Chapter VIII). 

According to PRYSTOWSKY, the placenta of the sheep grazing at an altitude of 
16,000 feet is much larger than that of sheep at sea Ievel. The human placenta at 
this altitude is also considerably larger than at sea Ievel (ALZAMORA). The area available 
for diffusion is thus increased. As measured by HucKABEE, the rate of uterine blood 
flow of the pregnant sheep is also much greater at high altitude than at sea level. 
These findings are interpreted as indicating the adaptive changes which take place in 
the pregnant animal at 16,000 feet, allowing it to maintain a rate of oxygen consump
tion identical to that of a similar animal at sea level. The same changes seem to occur 
in the human, permitting successful gestation at high altitudes. Perhaps the placental 
enlargement so characteristic of gestations in diabetics is on a similar basis, an adaptive 
response to uteroplacental hypoxia, the latter resulting from uterine, especially decidual, 
arteriolo· and arteriosclerosis (q.v.). 

PoLAK found more fat in the matemal part of placentas from two diabetics than 
in normals. POPJAK found increased deposition of neutral fat in the decidua and in 
the "fetal part" of placentas of rabbits fed high cholesterol diets. Perhaps these 
observations are pertinent to the subject of placental alterations in diabetes mellitus. 

Non-immunologie hydrops placentalis 
General Remarks 

In hydrops fetalis, whether "immunologic" or not, placental hydrops is the rule. 
A detailed, comparative examination of placentas associated with non-immunolog
ic hydrops seen in such states as fetal-maternal hemorrhage, congenital nephrosis, 
certain malformations, and "idiopathically" may help to distinguish what must 
be different pathogenetic mechanisms. Figure 314 depicts the hydropic placenta 
of a hydropic fetus, the latter afflicted with a massive cystic malformation of a 
lung and cardiopulmonary hypoplasia. PoTTER, inter alia, described other instances 
of hydrops fetalis with a pot-pourri of fetal disorders, none fetal-matemal blood 
group incompatibility (See Chapter X for other relevant discussion). It would be 
interesting to determine which forms of hydrops impose matemal symptoms, in 
order to attempt to identify the pathogenesis of this syndrome and, perhaps, to 
elucidate preeclampsia-eclampsia, in general (see Chapter X). 

Alpha-thalassemia 

The hydrops fetalis which accompanies alpha-thalassemia is associated with striking 
placental abnormalities. This condition is responsible for the majority of hydropic 
births among Chinese, Rhesus incompatibility being rare in oriental populations. The 
disease occurs in individuals homozygous for alpha-thalassemia trait. Because of the 
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Fig. 314. Non-immunologie hydrops placentalls et fetalis. Premature Infant with massive cystlc adenomat.oid 
malformation of Jung, cardiopulmonary hypoplasia, and anasarca (H & E x 150). 

Flg. 315. Hydropie placenta associated with non-immunologic fetal hydrops due to alpha-thalassemia. The 
resemblance to severe eryttroblastosis fetalis is apparent. (Compare with Figs. 244, 246, 247). Numerous nucleated 

red cell precursors in fetal caplllaries, edema (H & E x 100). 
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strong affinity of the abnormal hemoglobin for oxygen, oxygen is not released to 
peripheral tissues and profound anoxia results. Hemolysis is not a major factor; the 
associated anemia is not as severe as that which occurs in hydrops of isoimmune fetal 
hemolytic anemia (LrE-lNJO ENG; PAERSON et al.). 

Three placentas ofhydrops fetalis attributable to alpha-thalassemia recapitula
ted most of the features of severe antenatal disease due to Rhesus incompatibility 
with sensitization. Large and bulky (one weighed 1900 grams), they were not as 
pale nor as friable as the massive, hydropic placenta of severe hemolytic disease . 
Histological features comprised relative immaturity (prominent Langhaus' 
epithelium, less syncytial knotting, increased villous cellularity) villous stromal 
edema, numerous nucleated erythrocyte precursors in fetal-placental vessels, and 
intravillous erythropoiesis (Figures 315, 316) . The similarities between these 
placental changes and those of the commonplace hydropic erythroblastosis 
fetalis indicate the pathogenetic significance of fetal anoxia in the two diseases. 
It is also interesting that the two women who produced the three placentas upon 
which this description is based suffered from a syndrome of, or indistinguishable 
from, severe, even fulminating preeclampsia during the affected pregnancies (See 
E"coTT, HIRSCH & MARK ; NICOLAI & GAINEY; and Chapter X for other remarks 
on this syndrome) . 

Fig. 316. Same case as previous figure, alpha-thalassemia. Erythropoiesis, recapitulating that seen in hepatic 
sinusoids, is evident within fetal capillaries (H & E x 640). 

Congenital nephrosis 

KouvALAINEN and associates have described the placentas associated with 17 
cases of congenital nephrotic syndrome. The placental weights varied from 560 
to 2950 grams; the fetal-placental weight ratio varied from 0.9 to 3.9. Only four 
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of these placentas weighed less than one kilogram. The histological features 
comprised those of villous edema, with relatively immature-appearing trophoblast. 
A similar specimen is illustrated in Figure 317. 

Fig, 317. Hydropie placenta associated with congenital nephrosis, term dellvery. Simple villous edema and relatively 
thick Langhans' epithellum are seen (H & E x 400). 

Anemia 
Siekle-eeil disease 

Sickle-cell disease occurs, with few exceptions, in negroes and is characterized 
by the presence of sickle-shaped red blood cells which result from the crystalliza
tion into "tactoids" of the abnormal hemoglobin S, particularly under conditions 
of reduced oxygen tension. The heterozygous "trait" occurs in 9% of the US 
Negro population, as often as 45% in central Africa. The homozygous "disease" 
is found in, perhaps, one of 600 US negroes and has many serious sequelae. While 
CHERNOFF states that pregnancy in such persons is not associated with excessive 
hazards if properly managed, BEACHAM & BEACHAM find in a review that one of 
five mothers died and only two-thirds had living offspring. WINSTON & MA
STROIANNI report three pertinent cases and comment in a lucid manner on the 
principal difficulties encountered if pregnancy occurs in women with the disease. 
These are primarily urinary tract infections (45%), toxemia (25%), respiratory 
infection (20%) and puerperal sepsis (20%). Heart failure is not infrequent. In 
contrast, patients with the siekle-eeil trait (the heterozygous condition), have a 
better prognosis as WHALLEY et al. were able to demonstrate in a series of 500 
women. They review the conflicting previous reports and add their own evidence 
that the only increased hazard to women with this trait and pregnancy is a higher 
incidence of pyelonephritis during pregnancy and the puerperium. They see the 
explanation for this concurrence in the probable relationship of an increased degree 
of siekling in hypertonic environment-the renal papilla, where most lesions are 
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found (MosTOFI et al.; PERILLIE & EPSTEIN). In another context we have presented 
what evidence exists that the matemal sickle-cells rarely enter the fetal cireulation 
in signifieant numbers (Chapter VI, Cell transfer) and WINSTON & MASTROIANNI, 
among others report negative findings on newborns of mothers with sieklemia. 

Hazards of fetal death are inereased in siekle-eeil anemia, and plaeentas are 
said to be infareted (ANDERSON et al.). Without personal aequaintanee with these 
lesions or adequate photographs thereof, one is uneertain as to their nature and 
pathogenesis. However, stasis in deeidual vessels is a likely meehanism for such 
infaretion. 

The diagnosis of this disease is easily made when it is thought of (CHERNOFF) 
and the histologie appearance of the siekle-eells in surgieal speeimens or at autopsy 
is so charaeteristie that it warrants no further deseription. Unfortunately, the 
plaeenta has rarely been studied adequately in this disease and we know little 
more than that siekle-eells oeeur in the interviilaus spaee (Fig. 318). In line with 
the diseussion on ealeifieation (v. i.) one may expeet that ealeium deposits may 
oeeur more frequently and, because thrombosis is eommon in other sites (e. g. 

Fig. 318. Sickle-shaped matemal erythrocytes in interviilaus blood. The fetal capillaries contain normal-shaped 
erythrocytes because cven the homo7.ygote's (8- S) fetal erythrocytes contain predominantly fetal hemoglobin 

before birth (H & E x 640). 

spieen), one may expeet an increased ineidenee of interviilaus thrombi, but 
whether this is the ease is not known. WIGGLESWORTH, in his pathologie study of 
the insufficient placenta, deseribes a 24 year old patient suffering from "mixed 
siekle-eeil and thalassemia hemoglobinopathy" who had had several abortions. 
The first pregnaney observed by the author was eomplieated by mild anemia and 
resulted in the delivery of a term baby. In the next pregnaney fulminating pre
eelampsia developed; a stillborn premature baby was assoeiated with a plaeenta 
whieh showed 15% acute infaretion. In 4 patients with other types of anemia no 
eharaeteristie plaeental ehanges were deteeted. 
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Other anemias 

PerniciouB anemia, treated and well controlled during gestation, was not 
reßected by morphologic abnormality of the placenta. Commonplace iron defi
ciency anemias and the megaloblastic anemias of pregnancy do not appear to 
inßuence placental morphology. However, recent studies in Britain, Australia, 
and the United States uncovered a surprisingly high incidence of folic acid 
deficiency among pregnant women, especially, but not exclusively, among those 
experiencing vaginal bleeding, threatened abortion, abruptio placentae, premature 
labors and, of course, megaloblastic anemias (McKENZIE & ABBOTT, HIBBARD & 
HIBBARD, HIBBARD, MARTIN & DAVIS, STREIFF & LITTLE). Folieacid deficiency, 
as reßected by megaloblastic erythropoiesis, was found by McKENZIE and ABBOTT 
in l of every 26 pregnant women. On the basis of urinary excretion of formi
minoglutamic acid (FIGLU, an intermediary in the degradation of histidine, 
which accumulates in states of folic acid deficiency), HIBBARD found 11.4% of 
167 unselected pregnant women deficient in folic acid. Increasing parity was 
correlated with increased risk of folate deficiency. Bone marrow studies revealed 
megaloblastic erythropoiesis, a relatively late manifestation of folic acid defi
ciency, in 4.2% of this series from Liverpool. Perhaps, some of the structural 
variability of placentas which have been accepted as "within normal limits" 
(e.g. wide rangein weights and measurements, marginal infarction, fibrin depo
sition, calcification, and decidual necrosis) may result from such deficiencies. 
In this connection, it is pertinent that only 5 of the 48 oral multivitamin prepara
tions listed in the Physicians' Desk Reference of 1966, under the heading "Preg
nancy, Vitaminsand Minerals" contain folic acid. 

Collagen diseases 
Systemic Iupus erythematosus 

As in most of the other conditions here mentioned, little information is avail
able on the pathologic changes which might occur in the placentas of patients 
suffering from collagen diseases. SyBtemic lupuB erythematoBuB is the most common 
of these and, as MuND et al. in their review suggest, it cannot be considered a 
rare disease any longer. They observed 43 women who had lll pregnancies. The 
rate of spontaneous abortion was considerably increased; however, no mention 
is milde of possible decidual vascular changes in these specimens. They find no 
cvidence that pregnancy mitigated the course of this disease and review the 
conßicting evidence. FRIEDMAN & RuTHERFORD also find an increased abortion 
rate and a higher incidence of prematurity. The transplacental passage of anti
nuclear antibody has been recorded in nine cases according to the recent summary 
by JACKSON. He reports the third case of discoid lupus in a newborn of a mother 
with the disseminated disease and considers the passage of all types of antiboilies 
and the effect this may have on the fetus as well as how treatment may modify 
the finding of L. E. cells in the newborn. Unfortunately, even in his well studied 
case the placenta was not examined. 

In five instances of lupus erythematosus disseminatus, placentas have been 
available for our examination, andin four of these, decidual curettings were also 
studied. The outcome varied from antepartum death, maceration and premature 
birth, to normal term delivery, with survival of a well-grown, well-nourished 
child. One placenta was small and multilobated, nearly a placenta membranacea, 
and massively infarcted (Fig. 319). Acute necrotizing decidual arteriolitis was 
recognized in curettings (Fig. 189). The same gravida had aborted previously 
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and sections of the curetted decidua disclosed fibrinoid necrosis of smaller arteries. 
Another placenta, accompanying a wizened, underweight, but vigorous, premature 
infant, delivered at 34 weeks, showed "premature aging", in the form of abundant 
syncytial knotting and nuclear clumping. Intragestational corticosteroid therapy 
and maternal hypertension complicated this case, perhaps, also complicating 
the placental damage. Interestingly, BLACKBURN et al. have recently described 
premature senescence of the placenta, when prednisolone was administered to the 

Fig. 319. Gross appearance of placenta from gravida with Iupus erythematosus disseminatus, whose decldual 
curettlngs are depicted in Figure 189. The placenta is mnltilobated and extensively infarcted. Infarcts involved 

55% of the placenta, by weight of formalin ftxed specimen. Fetal death. 

gravid animal in large doses throughout pregnancy. Doubtless the variation in 
observed structural and functional reactions of placentas are related to ran
domness of vasculitis, the duration, severity and sites of extragenital involve
ment, and therapies used. 

Scleroderma 

A patient with scleroderma described by TISCHLER et al. became pregnant 
while on prednisone treatment. A normal term infant was delivered who did weil. 
The placenta is not described. 

GuNTHER and RARER reviewed nine reported cases of pregnancy complicating 
scleroderma and described their own observations of a patient who bad three 
successful pregnancies. Placenta previa was diagnosed on each of the three 
occasions, but no other placental data were presented. SPELLACY described a 
patient whom he observed, whose premature delivery produced a placenta 
described as grossly normal (weight not given), and containing microscopic infarcts. 
Wehave studied the placenta and attached decidua from a woman afflicted with 
scleroderma, who produced a normal child. The placental weight and configura
tion were normal; unusual numbers of cysts were seenon sectioning; no vascular 
lesions or connective tissue abnormalities were recognized in either fetal-chorionic 
or decidual tissues. 

Handbuch der pathologischen Anatomie VII/5 36 
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Allergie dermatitis 

Another gravida, suffering from severe, chronic allergic dermatitis which 
necessitated cortisone therapy, also delivered anormal child, 12 days before term; 
this placenta, the attached and curetted decidua revealed no morphologic abnor
malities. 

Other abnormal maternal states 
Pheochromocytoma 

Pheochromocytoma of the adrenal gland is rarely diagnosed during pregnancy. 
PESTELEK & KAPOR describe a case in which abruptio placentae occurred in the 
third trimester (previous "abortion" at sixth month) with postoperative death 
of the patient. The tumorwas diagnosed at autopsy. These authors refer to the 
review by DEAN in which 32 cases are gathered with a 50% mortality. They 
believe that adrenalin secretion by the tumor caused the separation of the placenta 
in their case. CANNON ascribes the frequent abortions and stillbirths (5 of 6 
pregnancies) in his patient to an excessively large tumor. The patient had recurrent 
episodes of hypertension and albuminuria with these pregnancies. This erroneous 
diagnosis of "toxemia" or atypical eclampsia has apparently often been made in 
this condition; however, the placental findings have never been described (CALVY 
et al.). 

Hyperlipemia 

An unusual case of hyperlipemia in pregnancy was described by MILLEN et al. 
The patient was in severe keto-acidosis at term in the absence of glycosuria, had 
an elevated amylase level and "creamy blood". The retroplacental blood was 
described as having the appearance of "cream of tomato soup". The following 
lipid levels were recorded at birth (mg/100 ml plasma): 

Total cholesterol 
Free cholesterol 
Phospholipids (P X 25) 
Neutral fat 
Totallipid 

Maternal blood 

1,800 
1,065 
2,180 

16,490 
20,925 

Cord blood 

65 
21 

108 
181 
384 

On the fourteenth postparturn day the lipid levels had fallen considerably 
but were still abnormal; cholesterol was elevated until the eighth month post
partum. Protein anomalies are also recorded in this publication. The authors 
assume that, perhaps, pancreatitis intervened in late pregnancy of a woman whose 
family showed evidence of hypercholesterolemia. It is of interest that the term 
infant did well and did not share the lipid derangement of the mother. The 
placenta is not described. 

Radiation 

The placenta may show changes when radiation is used therapeutically for 
carcinoma of the cervix as DRISCOLL et al. describe in two detailed case reports. 
The first pregnancy was 16-17 weeks in length when radium was inserted into the 
cervical canal for 28 hours and the fetus removed the next day. The placenta and 
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membranes showed nonspecific decidual necrosis and inflammation in which 
chorion and amnion participated to a lesser extent. A few villi were infiltrated 
by leukocytes, they contained fewer Hofbauer cells and a few intervillous thrombi 
were found. The decidua basalis was partially necrotic and extensive degenerative 
andinflammatory changes were foundin the l5cm(CR) fetus. The second case had 
radium needles inserted into the cervix at 22 weeks for 100 hrs. Hysterotomy 
was undertaken six days later. Grossly, placenta and fetus (21 cm CR) were again 
normal. Microscopically, numerous degenerative changes were found in the fetus 
but, with the exception of edema of the cord, the placenta was normal. RuGH 
provides a detailed review of the available literature. He concludes that, while 
the placenta is readily passed by highly radioactive isotopes with dernonstrahle 
destructive activity in the fetus, it suffers no functional or anatomic damages, i.e., 
it is highly radioresistant. In experiments with monkeys severe darnage to the 
fetus could be produced by direct irradiation; however, the placenta remained 
anatomically and functionally normal, whether examined immediately or months 
after the insult. 

FoRAKER et al. produced placental injury by irradiating the rabbit placenta 
in situ on the ninth day of gestation. Darnage to placentas was less impressive 
than that seen in associated embryos; larger doses and Ionger periods of exposure 
were required to produce these effects than had been reported by HICKS as 
injurious to the mammalian embryonie central nervous system. The effects 
involved the syncytium and perisyncytial decidua, and comprised degeneration, 
nuclear pyknosis, karyorrhexis, and cell necrosis, associated with histochemical 
changes regarded as nonspecific. 

KuzNETSOVA produced acute radiation sickness in rats at different stages of 
gestation and observed inadequate development of cytotrophoblast, and abnorma
lities of subsequent development of cytotrophoblast, and of its conversion into 
syncytium. Edema, congestion of matemal blood vessels, and hemorrhages were 
seen. The findings varied with the age at the time of irradiation and the interval 
between irradiation and delivery. 

Hepatitis 

We have examined two placentas from gravidas who delivered during the 
icteric stage of presumed viral hepatitis, one at term and the other at about 
28 weeks' gestation. Both placentas were unusually friable, membranes were 
meconium' stained; the chorionic vessels of the mature placenta contained nuclea
ted erythrocyte precursors; no inflammatory lesions were seen and both infants 
remained well. 

Thyroid disorders 

HoET et al. recently reviewed the subject of hypothyroidism in relation to 
pregnancy and cited no placental abnormalities. Our series of three placentas 
delivered by a severely hypothyroid patient, under good therapeutic control, 
revealed no placentallesions. HERBST and SELENKOW reported their experiences 
with 24 hyperthyroid patients, treated and controlled during pregnancy. No 
placental abnormalities were observed by these investigators, except in one case 
additionally complicated by severe pre-eclampsia. Personal study of five placentas 
from this series of patients suggested that the placental weight and volume might 
be somewhat less than normal, but a larger series would be required to be certain 
of this. 

36* 
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Placental insufficiency 
Dysmaturity, placental insufficiency syndrome, placental dysfunction, 

intrauterine growth retardation, low birth weight, infantile dystrophy, chronic 
fetal deprivation-an these terms have been applied to infants whose growth 
andfor nutrition suggested prenatal handicaps, often assumed to be due to 
inadequate placental function (CLIFFORD; GERSHON and STRAUSS; GRUENW ALD; 
KuBLI and BuDLIGER; McKAY and HERTIG; SIEGEL; WIGGLESWORTH, i. a.). 
While a vigorous, well-nourished infant isthebest proof of good placental function, 
the birth of a "dysmature" child is not necessarily valid evidence of inadequate 
placental function. The associated morphologic placental abnormalities vary 
greatly, from infarction, villous avascularity, fibrinosis, asynchronous or premature 
aging, to nonspecific chronic villous inflammation, and many associated placentas 
are indistinguishable from those of healthy babies (BECKER; BREBOROWICZ; 
GERSHON and STRAuss; GRUENWALD; KuBLI and BunLIGER; SIEGEL; WIGGLES
WORTH). Biased sampling probably accounts for some of the differences among 
reports (Fox). Some of the placentallesions which appeared to us to handicap 
the growth and nutrition of the child have been described in earlier chapters (See 
Circulatory Disorders, Chapter VIII; Infections, Chapter IX). Other condi 
tions which may be so associated comprise maternal states (e. g. heart 
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Fig. 320. Relationshlp of placental weight to gestational age in "dysmaturity". Solid lines indicate the regrcsslon 
of placental weight on gestatlonal age among "dysmature" livebirths, and the 95 percent confidence Iimits of 
mean welghts. Individnal observations among dysmatures form the scattergram. Broken llnes represent mean 
weights of unselected placentas at various gestatlonal ages with Iimits of ± 2 standard errors about these means. 

(Unpublished data of BELTRAN-PAZ and DRISCOLL). 

disease, renal disease, chronic undernutrition, malformed uteri, excessive cigarette 
smoking), multiple gestation (q.v.), and fetal abnormalities (such as certain 
chromosomallesions, multiple malformations, and radiation injury). Despite the 
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morphological heterogeneity among placentas of "dysmature" infants, they tend 
to be lighter in weight than those of the general population at comparable gesta
tional ages, the decrease in weight being roughly proportionaltothat ofthe infants 
themselves (Fig. 320). 

In the future, it will be possible to measure various parameters offetaland placental 
health, as pregnancy progresses. GREENE and his colleagues recently reviewed the 
growing mass of data relevant to such an assessment. An encouraging battery of para
meters promises firmer bases for future management of precarious, or potentially pre
carious gestations in years to come. Systematic study of the placenta should be carried 
out in all these cases, seeking correlations. BREBROWICZ and his coworkers have 
attempted this in sturlies of placental structure in relation to urinary estrogen ex
cretion. They demonstrated no interrelationship of quantity of syncytium and urinary 
estrogen. However, the latter was correlated with fetal weight. 

Trauma 

The relationship of external trauma to the course of gestation has been reviewed 
by LEVI, who also provided an annotated bibliography. Among instances in which 
trauma has been thought to exert adverse effect on the intrauterine conceptus, few 
withstand critical review. Careful examination of the placentas and progeny of suspect 
pregnancies is necessary in order to evaluate feto-placental health prior to, and ab
normalities thereof contemporaneous with or immediately subsequent to, the trauma. 

Trisomy 18 

HECHT reviewed the few available data on placentas associated with the syndrome 
of trisomy 18. Five case reports were cited and two additional ones were added by the 
author. Six of the seven placentas were "small", the seventh weighing 620 gm., with 
adnexa. The tacit assumption that a small placenta produces a small fetus is obviously 
unwarranted in view of the diverse and diffuse disturbances of growth of victims of 
this disorder of chromosomes, which does not spare their placentas. 

High risk groups 

New emphasis has been placed on identifying women in whom the risks of ab
normal gestational outcome are enhanced, the so-called high risk groups. Selection of 
these patients, usually basedonsuch data as age, race, weight, gravidity and parity, 
and by review of general medical history and past obstetrical performance, can then 
Iead to additional special studies and provisions for extraordinary care in future 
pregnancies. In "high risk pregnancies" placentas are often abnormal. Clues to re
mediable, recurrent, and specific causes of habitual reproductive casualty can be ex
pected from the careful study of placentas in these circumstances. (For examples, see 
Chapter IX, Infections.) 

Stilbestrol therapy 

SoMMERS and associates reviewed the morphology of placentas from pregnancies 
which had been treated with stilbestrol. Like the fetus from such pregnancies, the 
placentas were increased in weight, whether delivered at term or prematurely, with 
or without toxemia. Circummargination was relatively common. The fetaljplacental 
weight ratio was the same as among the control specimens. However, among the 
prematures from pregnancies treated with stilbestrol, the weight ratio of fetus to pla
centa was decreased. Calcium and interviilaus thrombi appeared to be increased in 
frequency among placentas from treated cases. It should be mentioned that the com
parison was made with normal placentas and little consideration was taken of the 
fact that the gravidas who were treated had exhibited bad reproductive performance 
in the past. 
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Placental calcification 
At times rather impressive amounts of calcium salts are deposited in placentas 

toward the end of pregnancy (Fig. 191). So severe acalcification it may be that the 
fioor of the placenta is stiff, yellow and granular and, when sectioned, imparts to the 
knife a gritty sensation. Such relatively uncommonly severe degrees of calcium 
deposition have raised the question of their possible relationship to maternal disease 
and the possible impact this mineralization may have upon fetal development. 

Calcium salts are deposited in the placenta in the same physicochemical form 
as that of hone. EINBRODT & ScHMID report on physicochemical study of two 
severely calcified placentas ( ll and I 0% calcium content of dry weight) and find a 
Ca/Pratioof 1/0.6, asisthatofbone. Theyfindno carbonate and by X-ray crystallo
graphy the pattern is that of apatite. In their patient with A. T. 10-treated 
tetany, maternal calcium Ievel was found tobe 13 mg% post partum, the placenta 
showed massive calcification and the babywas stillborn. During the next pregnan
cy, however, a normal baby was delivered with a placenta which again was 
massively calcified (10% of dry weight). Calcium Ievels in the mother had reached 
8.9mg% and no A.T.lO treatment had been instituted. They do not consider the 
placental calcification as cause of the fetal death. 

Systematic studies of the calcium content of placentas, as well as other inorganic 
substances, were undertaken by MISCHEL which are summarized by BERGER & v. HoRN
STEIN. Various compartments for calcium deposition (structure, liquids, transport, 
degenerative) are differentiated by this author. In this context, only that associated 
with fibrin, the placental floor and septa is relevant as it is the only calcification, for 
all intents and purposes, that can be recognized by the morphologist. Its quantitative 
variation produces the gritty placenta referred to at the outset. McKAY et al. considered 
the incrustations of the basement membranes occurring toward term and to which 
we have referred elsewhere. MISCHEL cannot find a relationship to sex of fetus and 
weight of placenta but toward term an increase was noted which is not further elevated 
in postmature placentas. According to Sirnon (quoted by BERGER & v. HoRNSTEIN) 
there is no relationship to erythroblastosis and this author considers calcification in 
degenerate areas to be related to changes in local C02 and pH. The relationship of 
calcification to postmaturity is in dispute. MISCHEL finds no such relationship, and 
MASTERS & CLAYTON describe in only occasional cases an increased calcification in 
postmature placentas. In a recent chemical study, JEACOCK finds no increase in calcium 
content of 10 postmature placentas which she compares with 118 term pregnancies. 
In twins the content of calcium was comparable to that of singletons of similar weight 
but it is of interest that there was, at times, considerable difference in the content 
of the two placentas of a binovular twin pregnancy, a finding which TINDALL & ScoTT 
in a more recent publication support with additional data. JEACOCK describes a content 
of 4 mgfg dry weight in the first trimester, 3.6 mgfg in cases of premature Iabor 
(28-36 wks.) and 10 mgfg at term. In only severely toxemic patients was the calcium 
content increased and there was a very marked rise in those placentas associated with 
macerated fetuses before term. Rhesus factor incompatibility and hydramnios cases 
had normal values. TINDALL & ScoTT are critical of some of these findings since "one 
cannot equate total calcium Ievels with the amount of calcium precipitated' '. Infarcted 
areas in the placenta contained no more calcium than the remainder. Fox assessed 
calcification macroscopically and by histologic study. He classified 24.6% of normal 
term placentas as calcified and comments on the relative difficulty of comparing data 
obtained by this means, chemical analysis and radiographic study. He supports 
FuJIKURA's finding of a relationship to primigravidity which may relate to a higher 
blood calcium Ievel of primigravid women. These authors also find no relationship to 
degenerative lesions. Fox emphasizes his finding of an association between placental 
calcification and fetal distress. 

UEHLINGER observed an extensive calcification of the placenta of a stillborn 
girl who died in the 38thweekof gestation (Fig. 321). The mother suffered from 
primary hyperparathyroidism with a blood calcium value of 11.7 mg%. She died 
on the day of delivery due to severe acute hemorrhagic pancreatitis. 
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TINDALL & ScoTT criticize earlier studies because of techniques and inade
quate sampling. They use standard X-ray techniques and find most placentas 
to have a uniform "reticular" calcification, increasing toward term. Multigravid 
women had less placental calcification but higher matemal age was a more 
important modifier in this respect as was already suggested by FuJIKURA (a). 
Calcification was significantly more common in the summer months (as in FuJI
KURA's (b) study) and, after due consideration and discussion, these authors 
conclude that "calcification is a normal, physiological process rather than a 
pathological one when it occurs in the placenta". They found no increased calcifi
cation in stillbirths, discuss their different results (from those of JEACOCK) and 
suggest that after fetal death calcium deposits may revert to a soluble form, 
perhaps secondary to pH changes. Also, contrary to Fox, they found in their 

Fig. 321. Extensive calcification of placenta in primary hyperparathyroidism of the mother. HE, 115 x. (SN 
1843/57 Patholog. Institut Zurich. 

larger series no relationship of calcification to fetal asphyxia. Calcium deposits 
were much less in the cases of matemal anemia. In line what has been said earlier 
(Chapter V-Twins), it is of interest to leam that these authors found a fetus 
papyraceous (twin) in this X-ray study of placentas which had not been suspected 
on gross examination. They believe that the difference observed in calcification 
of some twin placentas refiects an infiuence the fetus may have on the degree of 
calcification. 

In summary, one may say that placental calcification bears a clcse rela
tionship to matemal calcium Ievels, dietary intake, vitamin D intake and 
ultraviolet exposure; little influence seems to be exerted by a heavily calcified 
placenta upon fetal well-being. The calcium deposits can be regarded as stores for 
the placental "calcium pump" and these last authors review the evidence which 
suggests that calcium deposits may represent the end stage of a fetalfmaternal 
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immunological interaction. The concept expressed by most of these authors 
differs from the opinions of HöRMANN and BECKER, who regard excessive calcifi
cation as an expression of placental insufficiency in a hypoplastic organ. 

Closing Comment 

With burgeoning interest in fetal and infant welfare, more and more attention 
is focused on pregnancy failure, whether the latter includes only fetal wastage 
or extends to the handicaps of damaged surviving progeny. Systematic reviews 
of these problems usually disregard the placenta as a potential source of valid 
data relevant to the pathophysiology of gestation and its outcome. Adequate 
placental function is paramount to fetal survival, and the placenta is the co
victim with the fetus in many antenatal disorders. Surely, the study ofthe placenta, 
as a matemal and fetal biopsy, is often rewarding in terms of specific disease, both 
diagnostically and pathogenetically. Systematic examination ofthe placenta is the 
sine qua non of the perinatal autopsy. The last table presents an illustrative 
years' experience with routine placental examination as one com ponent of the 
perinatal autopsy. A full appreciation of factors lethal to fetus and neonate requi
res that this large, diverse, yet available organ be consulted. The value ofplacental 
studies in the detection and interpretation of sublethal prenatal and natal injury, 
although inestimable, is obviously great. 

Table 

Placental examination as part of the perinatal autopsy* 

Total autopsies which included placental examinations 
Placentas abnormal 

Findings diagnostic of "Cause of Death" 
N ecessary to final diagnosis 

Findings contributory, but not diagnostic 
Abnormal, but not contributory to final diagnosis 

Placentas normal 

167 
92% (154) 

32% (13 NND + 40 FD) 
16% (4 NND + 22 FD) 
30% 
30% 
8% 

• (From DRISCOLL [1965]; data reproduced with permission ofW. B. SAUNDERS Co.; PHILADELPHIA, PA.) 
NND = neonatal death 
FD = fetal death 



Heferences 

ALZAMORA, 0.: Algunas observaciones sobre las alteraciones de la placenta human en 
la altura. Rev. Asoc. Med. Prov. Yauli 3, 75 (1958). 

ANDERSON, M., L. N. WENT, J. E. MAcivER & H. G. DrxoN: Sickle cell disease in 
pregnancy. Lancet ii, 516 (1960). 

BEACHAM, W. D. & D. W. BEACHAM: Sickle cell disease and pregnancy. Obstet. Gynec. 
Survey 6, 455 (1951). 

HECKER, V.: Über maturitas praecox placentae. Verh. d. Dtsch. Ges. f. Path. 1960. 
G. Fischer, Stuttgart. p. 256. 

- Funktionelle Morphologie der Placenta. Arch. Gynäk. 198, 3 (1962). 
BERGER, M. & B. v. HoRNSTEIN: Die Inhaltstoffe der Placenta. Fortschritte der 

Geburtshilfe und Gynäkologie 14, Bibliotheca Gynaecologia. Fase. 25. S. Karger, 
Basel 1961. 

BLACKBURN, W. R., H. S. KAPLAN & D. G. McKAY: Morphologie changes in the 
developing rat placenta following prednisolone administration. Amer. J. Obstet. 
Gynec. 92, 234 (1965). 

BREBOROWICZ, H.: Fetal distress and the size of the chorionic surface. Gynaecologia 
157, 47 (1964). 

-, F. KRZYWINSKA & T. PISARSKI: The relation between placental structure and 
urinary estrogen levels. Amer. J. Obstet. Gynec. 91, 1107 (1965). 

BuRSTEIN, R., A. W. ßERNS, Y. HIRATA & H. T. BLUMENTHAL: A comparative histo
and immunopathological study of the placenta in diabetes mellitus and in erythro
blastosis fetalis. Amer. J. Obstet. Gynec. 86, 66 (1963). 

-, R., S. D. SouLE & H. T. BLUMENTHAJ,: Histogenesis of pathological processes in 
placentas of metabolic disease in pregnancy. II. The diabetic state. Amer. J. Ob
stet. Gynec. 74, 96 (1957). 

CALVY, G. L., M. E. RESNICK, D. R. KNAB & J. F. RICHARDSON: Hypertension, 
pregnancy, and pheochromocytoma .• T.A.M.A.171, 151 (1959). 

CANNON, J. F.: Pregnancy and pheochromocytoma. Obstet. Gynec. 11, 43 (1958). 
CHERNOFF, A. I.: The hemoglobinopathies and thalassemia. In Cecil-Loeb-Beeson-

McDermott, Textbook of Medicine, p. 1100-1102. Saunders, Philadelphia 1963. 
CLIFFORD, S. H.: Postmaturity-with placental dysfunction. J. Pediat. 44, 1 (1954). 
DEAN, R. E.: Pheochromocytoma and pregnancy. Obstet. Gynec. 11, 35 (1958). 
DRISCOLL, S. G.: Pathology of pregnancy complicated by diabetes mellitus. Med. Clin. 

N. Amer. 49, 1053 (1965). 
- Pathology and the developing fetus. Pediat. Clin. N. Amer. 12, 493 (1965). 
--, S. P. HrcKS, E. H. CoPENHAVER & C. L. EASTERDAY: Acute radiation injury in 

two human fetuses. Arch. Path. 76, 113 (1963). 
EINBRODT, H. J. & K. 0. ScHMID: Über abnorme Verkalkungen der menschlichen 

Placenta bei Maternitätstetanie. Arch. Gynäk. 200, 327 (1965). 
FoRAKER, A. G., W. DENHAM & D. MITCHELL: Histochemical studies of irradiation 

of the placenta. Arch. Path. 59, 82 (1955). 
Fox, H.: The pattern of villous variability in the normal placenta. J. Obstet. Gynaec. 

Brit. Cwlth. 71, 749 (1964). 
- Calcification of the placenta. J. Obstet. Gynaec. Brit. Cwlth. 71, 759 (1964). 
FRIEDMAN, E. A. & J. W. RuTHERFORD: Pregnancy and lupus erythematosus. Obstet. 

Gynec. 8, 601 (1956). 
FuJIKURA, T.: Placental calcification and matemal age. Amer. J. Obstet. Gynec. 87, 

41 (1963 a). 
- Placental calcification and seasonal difference. Amer. J. Obstet. Gynec. 87, 46 

(1963 b). 
GERSHON, R. & L. STRAUSS: Structural changes in human placentas associated with 

fetal inanition or growth arrest ("placental insufficiency syndrome"). (Abstract.) 
Amer. J. Dis. Child. 102, 257 (1961). 

GREENE, J. W., J. L. DURRING & K. SMITH: Placental function tests. Amer. J. Obstet. 
Gynec. 92, 1030 (1965). 

GRUENWALD, P.: Abnormalities of placental vascularity in relation to intrauterine 
deprivation and retardation of fetal growth. Significance of avascular chorionic 
villi. New York State J. Med. 61. 1508 (1961). 

- Chronic fetal distress and placental insufficiency. Biol. Neonat. 5, 215 (1963). 
GuNTHER, R. E. & W. B. RARER: Systemic scleroderma in pregnancy. Obstet. Gynec. 

24, 98 (1964). 
HECHT, F.: The placenta in trisomy 18 syndrome. Report of 2 cases. Obstet. Gynec. 

22, 147 (1963). 



570 XV. Miscellaneous Conditions 

HEIJKENSKJOLD, F. & C. A. GEMZELL: Glycogen content in the placenta of diabetic 
mothers. Acta paediat. 46, 74 (1957). 

HERBST, A. L. & H. A. SELENKOW: Hyperthyroidism during pregnancy. New Engl. J. 
Med. 273, 627 (1965). 

HIBBARD, B. M.: The role of folic acid in pregnancy. J. Obstet. Gynaec. Brit. Cwlth. 
71, 529 (1964). 

- & E. D. HIBBARD: Aetiological factors in abruptio placentae. Brit. Med. J. ii, 1430 
(1963) 

HICKR, S. P.: Mechanism of radiation anencephaly, anophthalmia, and pituitary 
anomalies. A.M.A. Arch. Path. 57, 363 (1954). 

HIROTA, K. & L. STRAUSS: Electron microscopic observations on the human placenta 
in matemal diabetes. Fed. Proc. 23, 575 (1964). 

HmscH, M. R. & M. S. MARK: Pseudotoxemia and erythroblastosis. Obstet. Gynec. 
24, 47 (1964). 

HoET, J .. P., R. DE MEYER & L. DE MEYER-DOYEN: Hypothyroidie et grossesse. 
Helv. Med. Acta 27, 178 (1960). 

HoRKY, Z.: Die quantitativen Veränderungen der Vaskularisation der Zotten in der 
diabetischen Plazenta. Zbl. Gynaek. 1, 8 (1964). 

HöRMANN, G.: Schwangerschaft und Geburtsleitung bei Diabetes mellitus. Deutsch. 
Med. Wschr. 75, 1741 (1950). 

- Zur Systematik einer Pathologie der menschlichen Placenta. Arch. Gynäk. 191, 
297 (1958). 

HucKABEE, W. E. Quoted by C. A. VILLEE: In: Physiological Aspects of the Placenta. 
The Placenta and Fetal Membranes. Edited by C. A. VILLEE: Baitimare 1960. 
Williams and Wilkins. pp. 157-158. 

JACKSON, R.: Discoid Iupus in a newborn infant of a mother with Iupus erythematosus. 
Pediatrics 33, 425 (1964). 

JEACOCK, M. K.: Calcium content of the human placenta. Amer. J. Obstet. Gynec. 
87, 34 (1963). 

KouvALAINEN, K., L. HJELT & N. HALLMAN: Placenta in the congenital nephrotic 
syndrome. Ann. Paediat. Fenniae 8, 181 (1962). 

KuBLI, F. & H. BuDLIGER: Beitrag zur Morphologie der insuffizienten Plazenta. 
Geburtsh. Frau~nheilk. 23, 37 (1963). 

KuzNETSOVA, M. N.: Placental histology in radiation sickness. Akusherstvo i Gine
kologiia 4, 50 (1957). 

LEVI, A. A.: The pregnant uterus--external trauma and its consequences: annotated 
bibliography. Obstet. Gynec. 21, 755 (1963). 

LIE-INJO LUAN ENG: Alpha chain thalassemia and hydrops fetalis in Malaya. Report 
of five cases. Blood 20, 581 (1962). 

-, LIE HoNG GIE, J. AGER & H. LEMMANN: Alpha-thalassemia as a cause ofhydrops 
foetalis. Brit. J. Haemat. 8, 1 (1962). 

- & Yo BWAN HIE: A fast moving haemoglobin in hydrops foetalis. Nature 185, 648 
(1960). 

--,Hydropsfoetaliswithfastmovinghaemoglobin.Brit.Med. J. ii, 1649 (1960). 
MAQUEO, M., J. CHAVEZ AzUELA, S. KARCHMER & J. Crnco ARENAS: Placental mor

phology in pathologic gestations with or without toxemia. Obstet. Gynec. 26, 184 
(1965). 

MARTIN, J. D. & R. E. DAVIS: Serum folic acid activity and vaginal bleeding in early 
pregnancy. J. Obstet. Gynaec. Brit. Cwlth. 71, 440 (1964) 

MASTERS, M. & S. G. CLAYTON: Calcification ofthe human placenta. J. Obstet. Gynaec. 
Brit. Emp. 47, 437 (1940). 

McKAY, D. G., A. T. HERTIG, E. C. ADAMS & M. V. RICHARDSON: Histochemical 
observations on the human placenta. Obstet. Gynec. 12, 1 (1958). 

- Quoted by WHITE, P.: In: E. P. Joslin, H. F. Root, P. White and A. Marble (eds.): 
Treatment of Diabetes Mellitus. 10th. ed. Philadelphia, Lea and Febiger, 1959, 
p. 697. 

- & A. T. HERTIG: Placental insufficiency. Bull. Marg. Hague Mat. Hosp. 10, 3 
(1957). 

McKENZIE, A & J. ABBOTT: Megaloblastic erythropoiesis in pregnancy. Brit. Med. J. 
ii. 1114 ( 1960). 

MILLEN, R. S., E. M. Russ, H. A. EDER & D. P. BARR: Pregnancy complicated by 
hyperlipemia. Amer. J. Obstet. Gynec. 71, 326 (1956). 

MISCHEL, W.: Die anorganischen Bestandteile der Placenta. IV. Mitteilung: Der 
Calciumgehalt der reifen und unreifen, normalen und pathologischen menschlichen 
Placenta. Arch. Gynäk. 190, 228 (1958). 



References 571 

MosTOFI, F. K., C. F. V. BRUEGGE & L. W. Dwas: Lesions in kidneys removed for 
unilateral hematuria in sickle-cell disease. Arch. Path. 63, 336 (1957). 

MUND, A., J. SrMSON & N. RoTHFIELD: Effect of pregnancy on course of systemic 
Iupus erythematosus. J.A.M.A. 183, 917 (1963). 

NrcOLAI, K. S. & H. L. GAINEY: Pseudotoxemic state associated with severe Rh 
sensitization. Amer. J. Obstet. Gynec. 89, 41 (1964). 

PAINE, C. G.: Observations on placental histology in normalandabnormal pregnancy. 
J. Obstet. Gynaec. Brit. Emp. 64, 668 (1957). 

PEARSON, H. A., D. R. SHANKLIN & C. R. BRODINE: Alpha-thalassemia as cause of 
nonimmunological hydrops. Amer. J. Dis. Child. 109, 168 (1965). 

PERILLIE, P. E. & F. H.EPSTEIN: Siekling phenomenon produced by hypertonic solutions: 
A possible explanation for hyposthenuria of sicklemia. J. Clin. Invest. 42, 570 ( 1963). 

PESTELEK, B. & M. KAPOR: Pheochromocytoma and abruptio placentae. Case report. 
Amer. J. Obstet. Gynec. 85, 538 (1963). 

PHYSICANS'DESK REFERENCE TO PHARMACEUTJCAL SPECIALTIES AND BIOLOGICALS. 
Medical Economics, Inc. Oradell, New Jersey, 1966 

PrNKERTON, J. H. M.: The placental bed arterioles in diabetes. Proc. Roy. Soc. Med. 
56, 1021 (1963). 

PLoTz, E. J. & E. DAVIS: Endocrirre patterns in pregnant diabetic women. Clin. 
Obstet. Gynec. 5, 346 (1963). 

PoLAK, R.: Fats in the pathologic placenta. Nederl. Tijdschr. Verl. Gynec. 52, 81 (1952). 
PoPJAK, G.: Maternaland foetal tissue- and plasma-lipids in normal and cholesterol

fed rabbits. J. Physiol. 105, 236 (1946). 
POTTER, E. L.: Universal edema of fetus unassociated with erythroblastosis. Amer. J. 

Obstet. Gynec. 46, 130 (1943). 
PRYSTOWSKY, H. Quoted by C. A. VILLEE. In: Physiological Aspects of the Placenta. 

THE PLACENTA AND FETAL MEMBRANES. Edited by C. A. VrLLEE, Baltimore, 1960. 
Williams and Wilkins. pp. 157-159. 

RErs, R. A., E. J. DE CosTA & M. D. ALLWEISS: Diabetesand Pregnancy. Springfield, 
Charles C. Thomas, 1952, Chapt. VIII, p. 38. 

RuGH, R.: Effect of ionizing radiations, including isotopes, on the placenta and 
embryo. In Symposium on the Placenta. National Foundation, N. Y. April 1965, 
l. p. 64. 

SAURAMO, H.: Histological and histochemical studies of the placenta and foetal 
membranes in pathological obstetrics. Ann. Chir. Gynaec. Fenn. 50, 179 (1961). 

- Cytotrophoblast of the placenta and foetal membranes in normal and pathological 
obstetrics. Ann. Med. Exper. Fenn. 39, 7 (1961). 

SCOTT, J. S.: Pregnancy toxaemia associated with hydrops foetalis, hydatidiform mole 
and hydramnios. J. Obstet. Gynaec. Brit. Emp. 65, 689 (1958). 

SIEGEL, P.: Die Placenta beim übertragenen dystrophischen Neugeborenen. Arch. 
Gynaek. 198, 67 (1962). 

SoMMERS, S. C., T. B. LAWLEY & A. T. HERTIG: A study ofthe placenta in pregnancy 
treated by stilbestrol. Amer. J. Obstet. Gynec. 58, 1 (1949). 

SPEJ,LACY, W. N.: Scleroderma and pregnancy. Obstet. Gynec. 23, 297 (1964). 
STREIFF, R. R. & A. B. LrTTLE: Folie acid deficiency as a cause of uterine hemorr

hage in pregnancy. J. Clin. Invest. 44,1102 (1965). 
TEN BERGE, B. S.: The influence of the placenta on cerebral injuries. Cerebra! Palsy 

Bull. 3, 323 (1961). 
THOMSEN, K. & G. LIESCHKE: Untersuchungen zur Placentamorphologie bei Diabetes 

mellitus. Acta Endocrinol. 29, 602 (1958). 
TrNDALL, V. R. & J. S. ScoTT: Placental calcification. A study of 3,025 singletons and 

multiple pregnancies. J. Obstet. Gynaec. Brit. Cwlth. 72, 356 (1965). 
TISCHLER, S., H. ZAROWITZ & I. DAICHMAN: Scleroderma and pregnancy. Report of a 

case. Obstet. Gynec. 10, 457 (1957). 
\V ARREN, S. & P. M. LE CoMPTE: Pathology of Diabetes Mellitus. 3rd. ed. Philadelphia. 

Lea and Febiger, 1952, Chapt. 23. 
WHALLEY, P. J., J. A. PRITCHARD & J. R. RrcHARDS: Sickle cell trait and pregnancy. 

J.A.M.A. 186, 1132 (1963). 
WHITE, P.: Infants of diabetic mothers. Amer. J. Med. 7, 609 (1949). 
WIGGLESWORTH, J. S.: Morphological variations in the insufficient placenta. J. Obstet. 

Gynaec. Brit. Cwlth. 71, 871 (1964). 
WrNSTON, H. G. & L. MASTROIANNI: Sickle cell disease in pregnancy. Obstet. Gynec. 2, 

73 (1953). 
ZACKS, S. I. & A. S. BLAZAR: Chorionic villi in normal pregnancy, pre-eclamptic 

toxemia, erythroblastosis, and diabetes mellitus. Obstet. Gynec. 22, 149 (1963). 


