
20. Inflammatory Interstitial Renal Lesions 
[687a, 1333a, 1791] 

Nosology 

Nondestructive, usually abacterial interstitial nephritis 
(IN), i.e., interstitial nephritis in the narrower sense, is 
to be differentiated from destructive, bacterial IN, which 
is better designated as pyelonephritis. In the larger frame
work, specific granulomatous lesions may be classified 
under pyelonephritis. 

Acute, Nondestructive Interstitial 
Nephritis (IN) 
[1793, 1780 b] 

Definition 

This entity (IN) is characterized by lympho-plasmo
histiocytic interstitial inflammation without direct paren
chymal injury from inflammatory processes. The primary 
form is a distinct disease. The secondary form (" ac
companying nephritis") is associated with other distinct 
renal lesions where it usually occurs focally with perivas
cular predominance. 

Incidence 

Apart from corresponding transplant changes which will 
not be discussed here (see p. 569), we have found severe 
acute IN in 431 out of 25,000 autopsies (biopsies: 1.2%) 
and chronic IN in 63 out of 25,000 autopsies (biopsies: 
0.48%). The above figures are based on consideration 
of only essential and diffuse findings. It follows from 
these data that acute IN rarely becomes chronic. We 
found no difference in disease distribution with relation 
to sex or age. 

Clinical Findings 

The symptomatology of acute IN is often completely 
determined by the symptoms of the underlying disease 
(see p. 408). A listing of clinical symptoms encountered 

in our material- in which the symptomatology of mainly 
shock-free cases is apparent [1780b]-is detailed in Ta
ble 20.1. The clinical picture is often completely domi
nated by oligo- and anuria which may occur from one 
instant to the other and which we have observed asso
ciated with 73 out of 431 autopsy cases and with 18 
out of 22 biopsies (see also [185]). Oliguria or anuria 
are also frequently the initial symptoms of the disease 
(13 out of 21: Z; Table 20.1). They can however be 
missing in so-called nonoliguric renal failure as especially 
encountered in cases due to nephrotoxic antibiotics 
which only become apparent by progressive increase in 
serum creatinin or in polyuric renal failure which we 
observed in 4 out of 21 cases. Tubular acidosis is now
adays very rare; it was formerly found after use of tetra
cycline whose date of use had expired. 
Skin rash, especially in cases of allergic etiology, may 
initially be present [687a, 1215]. We have observed tran
sitory hypertension in 7 out of 22 biopsies. 
Urinary findings are ambiguous. Microhematuria, leuko
cyturia and usually mild proteinuria are relatively fre
quent. Leukocytic casts, erythrocytic casts, bacteruria, 
as well as massive proteinuria are rare, but this wide 
spectrum of urinary findings may be misleading in regard 
to the underlying disease. Thus, in more than half the 
cases, pyelonephritis, glomerulonephritis or other renal 
lesions were clinically diagnosed (see Table 20.1). 

LM Findings 

The interstitium at the corticomedullary region--and less 
so in the cortex-is diffusely edematous (connective 
tissue stain !), widened, and often infiltrated with coalesc
ing foci of lymphocytes, plasma cells, and histiocytes 
(Figs. 20.1,20.2) and a few eosinophilic leukocytes which 
may be very frequent in cases of drug allergy. These 
infiltrates are especially evident perivascularly 
(Fig. 20.3). Tubulolymphatic and tubulovenous shunts 
are filled with small PAS-positive casts (see p. 134). 
The epithelium of the proximal convoluted tubule is 
frankly flattened, even in the absence of clinical shock 
[171]. The cortex shows a considerable decrease in the 
filling of interstitial capillaries with blood but the glomeru
lar capillary loops are, surprisingly, rarely collapsed. In 
autopsy material, the papillary capillaries are dilated and 
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Table 20.1. Clinical findings in acute interstitial nephritis from IF Findings 
22 of our own biopsy cases 

1. Symptoms at disease onseta 

Oliguria/anuria 
Polyuria 
Fever 
Hematuria 
Renal pain 

2. Oliguria/anuria during the disease course 

3. Clinical findings at the time of biopsy~ 

Shock 
Microhematuria 
Leukocyturia 
Proteinuria (0.5-12 g/day) 
Bacteriuria 
Erythrocytic casts 
Leukocytic casts 
Blood pressure ~ l60jl 00 mm Hg 

4. Etiology 

Uncharacteristic" influenza-like" prior 
disease 
No definite prior disease determined 
Infections 

Q-fever 
Streptococcal tonsillitis 
Rubella 
Acute pulmonary tuberculosis 

Poisoning 
CCI4 

Wood alcohol 
Formic acid 

Hemorrhage 
Possible causes 

Novalgin® allergy 
Tetracycline allergy 
Postmyocardial infarction syndrome 

a Several possibilities. 
b No. of cases in which finding was present/stated. 

Frequencl 

13/21 
4/21 
7/21 
5/21 
3/21 

18/22 

Frequency 

4/22 
14/22 
14/22 
9/19 
5/19 
3fl9 
2/19 
7/22 

Frequency 

7/22 

2/22 
5/22 

1/22 
2/22 
1/22 
1/22 

3/22 
1/22 
1/22 
1/22 

2/22 
3/22 

1/22 
1/22 
1/22 

they frequently contain myelogenous cells, e.g., myelo
cytes, megacaryocytes, etc. (Fig. 20.4; [1319]; see also 
p.490). 
We speak of serous IN when there is quantitative pre
dominance of edema (Fig. 20.4) and of cellular IN when 
cellular infiltrates predominate. 

Acute eosinophilic nondestructive IN is very rare (3 out of 
25,000 autopsies: [1791]). It is extremely rich in eosino
philic leukocytes. We encountered it once each in ascari
diasis, drug allergy and Duhring's herpetiform derma
titis. 

Of our own cases, 6 of 10 yielded positive findings. In 
one of these cases there were diffuse ultralinear deposits 
of slight intensity for IgG which were accompanied by 
granular deposits peripherally and mesangially of IgM, 
IgA and C3 with focal-segmental distribution. In the 
other 5 cases, we found C3 only or IgM and C3 with 
mesangial and peripheral, focal-segmental distribution. 
In 3 of the 10 cases, the interstitium stained diffusely 
for immunoglobulins and fibrin(-ogen). Linear deposits 
in the tubular BM of IgG or other Ig were not present 
in our material. They were described in drug-induced 
cases with antitubular BM antibodies [176a, 1086a]. 

EM Findings 

No characteristic glomerular lesions are present (see 
Figs. 6.9, 6.21, 6.34, 6.57, 6.64, 6.80, 6.88). In a few 
cases, the peripheral glomerular BM is focally somewhat 
thickened-especially the lamina rara interna. 
Podocytes are edematous and their nuclei swollen. Oc
cassionally, lipid and protein droplets are found in the 
podocytes. A slight, patchy fusion of foot processes IS 

infrequently observed. 

Fig. 20.1. Acute interstitial nephritis following exanthema from [> 

arsenic ingestion. Edema and Iympho-plasmocytic infiltrates are 
present in the interstitium. There are tubular dilatation and 
atrophy of the epithelium (as seen in so-called shock kidney). 
Glomeruli are unchanged. Female, 53 years. Autopsy specimen. 
HE (x 220) 

Fig.20.2. Acute interstitial nephritis. Angina was present 3 weeks 
prior to biopsy and anuria for 2 weeks. Interstitial infiltrate 
present consists predominantly of plasma cells and lymphocytes. 
Male, 18 years. Giemsa ( x 720) 

Fig. 20.3. Same case as in Figure 20.2. Perivenous accumulation 
of interstitial infiltrates. Male, 18 years. HE (x 120) 

Fig. 20.4. Predominantly acute serous interstitial nephritis 10 
days after burn injury. Intertubular vessels are filled with imma
ture white blood cells ( --». Male, 38 years. HE ( x 680) 
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~nd?thelium and mesangium do not demonstrate any 
slgmficant changes. A low power view of the interstitium 
permits easy identification of the infiltrates (Fig. 20.5). 
Exact differentiation of the various cell types requires 
higher magnification however (Fig. 20.6). The predomi
nant cells of the early phase are activated lymphocytes 
and immunoblasts. Plasma cells are not found till the 
seventh day of the disease, and in increasing numbers 
thereafter. Histiocytes and small lymphocytes are also 
present (Fig. 9.2); eosinophilic leukocytes are generally 
absent or very scanty but may be present in large 
numbers in cases of allergy (see above). With EM, pas
sage of lymphocytes and, occasionally, of plasmoblasts 
through the vessel walls (Fig. 20.7) is often observed. 
Also frequently recognizable are activated lymphocytes 
lying between the endothelium and BM of the intertubu
lar vessels (Fig. 20.8). The interstitium itself is variably 
edematous (Fig. 20.5) and often contains cellular detritus 
(Fig. 20.9), a finding which is indicative of severe destruc
tion of interstitial cells. Occasionally, fibrin can be de
monstrated in the interstitium (Fig. 20.10). 
We have found chromoprotein casts (hemoglobin/myo
globin: [1786]) in the collecting ducts in about one-third 
of our autopsy cases (Fig. 20.11). This finding is more 
rarely demonstrable in proximal tubules and Henle's 
loops (structures more readily accessible to needle 
biopsy). Its demonstration is significant since it indicates 
possible hemolysis from transfusion, etc. or myolysis 
lysis from electrical injury, toxicosis or acute polymyo
sitis. Isolated intratubular oxalate crystals of 4-20 ~m 
are present in almost every case (for secondary oxalosis 
see p. 462). The blood vessels are unchanged. 
For differential diagnosis, see p. 415. 

<l Fig. 20.5. Typical cell composition in acute interstitial nephritis 
with anuria of unknown cause. Plasma cells, histiocytes and 
mostly activated lymphocytes are present in approximately the 
same numbers in the frankly edematous stroma. Female, 59 
years. ( x 1780) 

Fig. 20.6. Infiltrate in acute interstitial nephritis in rubella with 
concomitant anuria. Activated (large) lymphocytes (AL), non
activated (small) lymphocytes (SL). Rubella antigen could be 
identified with IF in glomerular BM and mesangium, tubular 
epithelial cells and a few interstitial cells. Male, 18 years. EM 
(x 8300) 
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Chronic Interstitial Nephritis 

For the incidence of chronic IN, see p. 407. 

Clinical Findings 

The clinical course is markedly insidious and is charac
terized by headache, anemia, tiredness, bone pain and 
spontaneous fractures (ribs, pubis, etc.). There occurs 
a grey-brown skin discoloration in cases of phenacetin 
addiction (38 out of65: [1791]) which is, however, by no 
means either obligatory or pathognomonic. Urinary 
findings are insignificant except for frequent polyuria- a 
consequence of insufficiency of urine concentration - as 
well as for metabolic acidosis. Proteinuria ofless than 1 g/ 
day, and slight leukocytosis without accompanying leu
kocyturia are observed. Loss of urine concentration and 
metabolic acidosis are often of high degree in comparison 
to renal excretory insufficiency. 
Hematuria is indicative of papillary necrosis or ac
companying tumors of the urinary tract. Papillary ne
crosIs is pronouncedly frequent-especially in analgesic 
addiction - but not obligatory. Sequester elimination un
der renal colic may be the first symptom. Finally, hyper
tension may develop (48 out of 63: Z). The course is 
slow but progressively uremic. 
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Fig. 20.7. Plasmoblast (PS) seen penetrating through a vascular 
wall in acute interstitial nephritis following tetracycline therapy 
for sinusitis. Endothelial cell (E), basement membrane (EM) 
of a blood vessel, capillary lumen (CL). Male, 29 years. EM 
(x 12,100) 

Fig. 20.8. Same case as Figure 20.7 showing an intertubular vessel 
in acute interstitial nephritis. Two activated lymphocytes (AL) 
between the endothelium and vascular BM. Capillary lumen 
(CL), endothelium (E), basement membrane (EM). Male, 29 
years. EM ( x 6300) 
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Fig. 20.9. Extensive cellular detritus in the edematous interstitium 
in acute interstitial nephritis in conjunction with anuria at the 
time of biopsy. Male, 60 years. EM (x 14,900) 

Fig. 20.10. Same case as in Figure 20.9. Acute interstitial neph
ritis showing extensive fibrin deposition ( --.) in the interstitium. 
Male, 60 years. EM ( x 6100) 
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LM Findings 

LM study (Fig. 5.14) reveals sclerosis of connective 
tissue - which is widened and increased - instead of 
edema (Fig. 20.12) in acute interstitial nondestructive 
nephritis. This condition is especially pronounced in the 
medulla (Fig. 20.13). The interstitium demonstrates 
scattered lympho-plasmo-histiocytic infiltrates (Fig. 
20.14). No scar tissue replacement of destroyed pa
renchyma is present as is clearly illustrated by PASM 
stain (Fig. 20.15). Late in the course of the disease, glo
meruli show collapse (Fig. 6.111). The glomerular cap
sule is considerably thickened by connective tissue. The 
capsular epithelium remains intact for a considerable 
period. 
The tubules are frankly atrophic and often demonstrate 
dedifferentiated clear cells with a thickened BM rich 
in lipids - as demonstrated by the sudan stain - a finding 
especially pronounced in the papilla in cases of phenace
tin addiction. A few calcium oxalate crystals in the tubu
lar lumen are often found. In cases of phenacetin addic
tion, the epithelium of the proximal convoluted tubules 
is said to contain a finely granular brown pigment (lipo
fuscin) more frequently than in other cases, a finding 
which we have not been able to confirm (see p. 440). 
The vessels exhibit slight and exclusively secondary 
changes (adaptive intimal fibrosis, hypertensive vasculo
pathy). In careful examination of autopsy material, pa
pillary necroses of various age can be found in 90% 
of the cases regardless of etiology. 

<l Fig. 20.11. Clumps of chromoprotein (hemoglobin) are present 
in the lumen of Henle's loops in acute interstitial nephritis. Anu
ria at the time of biopsy. Male, 41 years. EM (x 3900) 

Fig. 20.12. Chronic interstitial, nondestructive nephritis in severe 
phenacetin addiction. Tubules are not destroyed but highly atro
phic. Epithelium of the proximal tubules is flattened. Interstitium 
is diffusely broadened and sclerosed and evidences very scanty 
infiltrates (---». Glomeruli are unchanged. Male, 60 years. HE 
(x 110) 

Fig. 20.13. Same case as in Figure 20.12 showing typical sclerosis 
in the renal medulla in chronic interstitial nephritis. There is 
striking homogeneous broadening of the interstitium without 
cell increase. Infiltrates have almost completely disappeared. 
Tubules are atrophic and exhibit thickened BM. Male, 60 years. 
PAS (x 200) 
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EM Findings 

Among the interstitial infiltrates, small and sometimes 
activated lymphocytes predominate and are ac
companied by moderately numerous phagocytes and, 
rarely, by fibroblasts. It is also clearly recognizable that 
the individual collagen fibers (fibril bundles) are pro
nouncedly coarse (Fig. 20.16) and that tubular atrophy 
and BM thickening are also very marked (Fig. 20.17). 
Tubular atrophy can lead to extensive cellular dediffer
entiation (Fig. 20.18). 

Differential Diagnosis 

Of initial importance is exclusion of IN accompanying 
a primarily noninterstitial renal disease. Acute IN may 
he present in diffuse and segmental-focal accentuated 
GN as well as in the periphery of acute infarcts. In 
chronic IN, among other entities, GN, primary oxalosis 
and periarteritis nodosa, must be taken into consider
ation. 
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Fig. 20.14. Chronic interstitial nephritis showing the corticome
dullary zone in a case of severe phenacetin addiction. Scanty, 
almost purely lymphocytic interstitial infiltrates (---» in the dif
fusely broadened and sclerosed stroma. Female, 68 years. HE 
( x 160) 

Fig. 20.15. Same case of chronic, nondestructive interstitial neph
ritis presented in Figure 20.12. Interstitium is broadened. Tubu
lar BM is thickened but nowhere eroded. Male, 60 years. PASM 
(x 230) 

Fig. 20.16. Composition of the infiltrate encountered in chronic, 
nondestructive interstitial nephritis of unknown cause. Infiltrate 
in the coarsely sclerosed stroma consists predominantly of small 
and middle-sized lymphocytes between which are isolated phago
cytes (PH). Female, 42 years. EM (x 3260) 
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Fig. 20. t 7. Same case of chronic nondestructive interstitial neph
ritis as in Figure 20.16. There is severe tubular atrophy in the 
corticomedullary zone. Tubular BM is thickened (---». Coarse 
fibers and a few scattered infiltrates are present in the intersti
tium. Female, 42 years. EM (x 1500) 

Fig. 20.18. Same case of chronic,nondestructive interstitial neph
ritis as in Figure 20.16. A proximal tubule (l) and possibly a 
distal tubule (2) with signs of considerable dedifferentiation are 
seen. Female, 42 years. EM ( x 8500) 
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Small, circumscribed lymphocytic infiltrates in the imme
diate vicinity of obsolescent glomeruli and atrophic tub
uli are found quite frequently in otherwise normal biopsy 
and autopsy tissue. The cause for such foci cannot 
usually be determined (possibly microemboli, possibly 
focal nephritis, possibly pyelonephritis or resorptive in
flammatory reaction). If accompanying IN is excluded, 
differentiation from destructive interstitial nephritis (pye
lonephritis) is important: pyelonephritis is radially 
arranged and not as diffusely, a finding which may not 
be apparent in needle biopsy. The presence of numerous 
neutrophilic leukocytes and the erosion of tubules, glo
meruli and vessels is categorically indicative of pye
lonephritis in the acute phase. In the chronic phase, 
foci of erosion have been replaced by scar tissue. In 
biopsies with a combination of pyelonephritis and non
destructive IN, it is usually impossible to determine 
which of the two lesions arose first. 

Prognosis 

The prognosis for acute IN is good if the time for appro
priate dialysis is not missed. Usually, renal function nor
malizes completely within months or up to a year or 
even longer [23,500] (for children: [1841]). In our mate
rial, 13 out of 14 cases had completely normal renal 
function after an average follow-up time of 3.3 years 
(0.5-12 years). In one case presenting with a contralateral 
contracted kidney, there was no worsening of renal func
tion following recovery from acute IN. We observed 
remnant hypertension in one case only. On the other 
hand, frequent secondary urinary tract infections follow
ing IN in 59 out of 70 cases-in which 15 out of 59 
lead to chronic pyelonephritis-have been reported 
[516]. 
If the causative noxious factors persist [1084, 1791] or 
recurrences occur [162, 1780b] or if serve injury to the 
tubular BM is present [458], chronic, progressive IN can 
develop. 
In chronic interstitial nephritis, prognosis is bad. How
ever, sufficient numbers of bioptically controlled cases 
are still lacking for confirmation of this assessment. 

Etiology and Pathogenesis 

Current concepts relating to the genesis of acute IN take 
into consideration three factors occurring independently 
or in combination: shock, immunologic reactions and 
infection. The common end result of the three factors 
is destruction of body proteins e.g. hemolysis, myolysis, 
which may be enhanced by administered exogenous sub
stances [1793]. 
In our own autopsy material, we observed pyemia with
out pyemic renal foci and shock each in one-third of 

our cases. In 198 out of 431 autopsy cases, chromo
protein casts were present in the tubules, a finding indica
tive of hemolysis or myolysis [1786, 1791]. These were 
attributable to transfusion reactions, traumatic causes 
of hemolysis or myolysis such as poly trauma, electric 
accidents, burns [1786], to inherent disease processes 
such as polymyositis [880] and hemolytic anemia [787] 
and to heroin and alcohol poisoning [868a]. 
In shock kidney, in which acute IN is usually present 
from the third day on [1791, 1792], myelogenous cells 
in the vasa recta (see p. 490) are one of the typical 
findings. It is not known whether shock leads to IN 
via tubular ischemia alone or whether other factors are 
involved (see p. 419). Toxic processes can arouse the 
same response, e.g., anaesthesia with methoxyflurane 
[274] or halothane [320a], in which calcium oxalate crys
tal formation may be partially responsible for the epithe
lial injury (see also [57]). 
Today, immunoreactions to drugs [687 a], e.g., to penicil
lin, methicillin, gentamicin ([73, 176a, 1765a, 1843, 
1844], even with granuloma formation [1032a]), phenin
dion [1068, 1215], ampicillin [1398, 1418], dilanthin, hy
dantoin [1158], furosemid [983] as well as hemolysis from 
rifampicin therapy [1114] are receiving more and more 
attention [185]. In some of the cases, the drug behaves 
as a hapten, and has, together with gamma globulin, 
been demonstrated as being attached to tubular BM [73]. 
The slight secondary damage to tubules is thought to 
be due rather to chemical mediators than to the direct 
destructive action of the inflammatory cells [353 a]. In 
a case of acute IN subsequent to streptococcal angina, 
properdin and C3 were demonstrated in the glomeruli
possibly representing alternative pathway activation of 
complement due to penicillin and/or streptococcal anti
gen [1686]. 
The fact that acute IN was found rather more frequently 
in the pre-antibiotic era [1780b] than today suggests to 
us that a certain overestimation of the role of drugs 
is present in the current literature. 
In most cases, however, the question regarding etiology 
and pathogenesis of acute IN remains by and large un
answered. The significance of infections such as mononu
cleosis [1757 a], brucellosis and leptospirosis is difficult 
to assess retrospectively (one case of subacute IN follow
ing smallpox vaccination (Fig. 20.19) was made available 
to us by Prof. Uehlinger, University of Zurich). 
In general, the cause of chronic IN remains obscure. 
Experimentally, it has been produced in the rat by N-3,5-
dichlorophenylsuccinimide [1586] and we have observed 
it in a case of nocturnal hemoglobinuria (Marchiafava
Micheli disease) of many years duration (see also [1084]). 
It has also been reported after heat stroke [826] and 
after many years of drug poisoning [687a]. Usually, a 
prior acute stage is not observed. It appears possible, 
however, that acute IN -in rare cases-does not heal 
but procedes on to chronic IN [1780b, 1791]. Some of 



our cases developed after years of analgesic (phenacetin) 
addiction, a finding by no means specific for phenacetin 
abuse (see p. 440). Today, it is generally accepted that 
the chronic IN associated with phenacetin addiction 
arises in connection with primary papillary necrosis [233, 
570, 837, 1846]. Nevertheless, it must be borne in mind 
that unequivocal cases of chronic IN due to phenacetin 
addiction without papillary necrosis do occur (5 out of 
63 autopsies: Z). The relationship between papillary sca
rification or necrosis and chronic IN is illustrated by 
the occasional observation of circumscript, chronic IN 
occurring proximally over a noninfected renal cyst with 
concomitant medullary compression. 
The cause of endemic chronic IN in Finland is unknown 
[900]. Balkan nephritis appears to be rather a b1and
coursing pyelonephritis than a nondestructive IN (see 
p. 440). The reported case of a 6-year-old boy with famil
ial chronic IN and anti tubular BM antibody must be 
regarded as unique [129]. 
Polyuria, acidosis, and loss of concentration ability are 
explained as being due to anoxia of the distal tubules 
arising from compression of interstitial capillaries by 
edema, sclerosis, and tubular BM thickening and to the 
increased diffusion distance between capillaries and tub
ular epithelium. Transient, early hypertension in acute 
IN can be a consequence of hyperhydration or of de
creased renal blood flow [1781]. Late hypertension ap
pears to occur only if there is severe reduction of glome
rular blood flow arising from intertubular sclerosis. 

Pathogenesis of Acute Reversible Renal Failure 

As formulated previously, many primary diseases may 
give rise to acute renal insufficiency to which the reader 
is referred (shock kidney, p. 490; toxic tubulonephrosis, 
p. 487; acute IN, p. 408). For literature see [187, 274, 
502, 1156, 1786, 1791]. 
With reference to the clinical course, two phases may 
be recognized in acute reversible renal failure; an initial 
phase usually characterized by oligo-anuria and a second 
phase characterized by persisting oligo-anuria (up to sev
eral weeks) or more often by polyuria. 
A common terminal pathogenetic pathway of the multi
plicity of etiologic factors is recognizable in relation to 
the first oligo-anuric phase: the tubules are injured by 
ischemia and/or by toxic products. This injury is reflected 
functionally by insufficient resorption - chiefly of so
dium - in the proximal tubules and in the ascending limb 
of Henle's loop. This means that an increased amount 
of sodium is reaching the macula densa which, as shown 
in animal experimentation, leads to occlusion of the 
proximal tubules by cellular swelling due to contraction 
of the vas afferens subsequent to activation of the renin
angiotensin system [171, 1616a]. Although this mecha-
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nism explains the initiation of acute renal failure, it is 
not known with certainty whether it suffices to explain 
its maintenance [1616a]. In addition, it has been shown 
that animals can be protected against acute renal failure 
by diuresis in spite of elevated intrarenal renin concentra
tions [1604a]. 
In addition to decreased blood supply, increased tubular 
permeability and tubular obstruction from casts are re
peatedly proposed as causes for oligo-anuria. The pa
thophysiologic significance of increased tubular per
meability has not, as yet, been clarified. Some experimen
tal models indicate that increased tubular permeability 
is not a relevant pathogenetic factor for oligo-anuria 
[1209, 1605]. 
On the contrary, in some experimental models of acute 
renal failure, obstruction does appear to be of pathogen
etic significance since intra tubular pressure in the proxi
mal tubules increases and the lumens of the proximal 
convoluted tubules widen. The pressure increase may 
be caused by epithelial swelling, especially in the straight 
segments of the proximal tubules which are most sensi
tive to ischemia. Further factors may include a change 
in the viscosity of the tubular content and precipitation 
of casts in the distal tubules or collecting ducts [726, 
1598, 1625, 1627]. 
Morphometric examinations on human biopsies have, 
however, revealed no evidence in favor of an increase 
in intratubular pressure since the inner tubular diameter 
of the proximal convoluted tubules remains unchanged 
[761, 167]. Accordingly, the regularly observed casts in 
acute renal failure in humans are not the cause but a 
consequence of oligo-anuria. Acute IN is first observed 
3 days after clinical onset of acute renal failure. Accord
ingly, in the acute phase, IN does not playa decisive 
role in triggering oligo-anuria [1453, 1780 b, 1786]. In 
summarizing, it may be said that the pathogenesis of 
the initial phase of acute renal failure-in experimental 
animals and probably also in man-is determined by 
different factors (vasomotor changes, back-flow of urine, 
tubular obstruction and probably others [1202a]). A 
combination of these factors results in variation between 
the clinical response of individual patients as well as 
that between different animal models. 
In the second phase of acute renal failure (persisting 
oligo-anuria or polyuria), acute nondestructive IN -ei
ther in the form of the intertubular serous type or the 
perivascular cellular type - regularly occurs [1780 b, 
1786]. The maximal inflammatory response is located 
at the corticomedullary region and, accordingly, may 
be absent in biopsy tissue. Kidney enlargement is espe
cially pronounced at the time of the maximal inflamma
tory reaction (days 4-9). The enlargement is independent 
of the phase of acute renal failure present at the time 
of death, i.e;, oliguric or polyuric [167,1786]. The func
tional significance of IN is evidenced by the presence 
of transient hypertension [1786] and of elevated serum 
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renin and angiotensin values attendant on kidney en
largement [874, 1198, 1250]. These findings support the 
fact that glomerular filtration rate is consistently 
depressed. As noted previously, it is thought that widen
ing of the interstitium in acute IN leads to compression 
of the intertubular capillaries and to an increase in the 
diffusion distance between capillaries and tubules. These 
changes would explain the persistent ischemic injury of 
tubular epithelium and, accordingly, the polyuria ap
pearing upon resumption of filtration [171, 1604]. 

Weil's Jaundice. The Kidney in Leptospirosis 
Ictero-Hemorrhagica Infection 
[199, 1800] 

Definition 

Renal changes associated with leptospira ictero-hemor
rhagica infection. 

Incidence 

Weil's jaundice is a rare disease occurring in significant 
numbers in endemic regions only [199]. Most patients 
are males who have been bitten by rats or who have 
had contact with rat excrement. Analogous changes in 
seven individuals working with pigs (Leptospira pomona) 
are reported in the literature [68]. 

Clinical Findings 

Onset with high fever, headache, vomiting, diarrhea, as 
well as muscle pain in the calf, back, and abdomen are 
characteristic for Weil's disease. Later, jaundice and re
nal symptoms with proteinuria, hematuria, and casts be
come manifest. Rarely, oligo-anuria, purpura or exan
thema develop. Since the agglutination titer may remain 
negative until the ninth day after clinical disease onset, 
the diagnosis may be suspected from the combination 
of the following symptoms: jaundice, hypofibrinogen
emia, thrombocytopenia, normal Quick test, and only 
slightly raised transaminases. Liver biopsy assures the 
definitive diagnosis. Death may occur in anuria, but the 
renal changes usually appear to be less significant than 
the severe cardiovascular collapse [1438, 1514]. 

LM and EM Findings 

Acute IN of the serous type is clearly dominating. The 
findings reach their maximum on days 7-8 and are still 
clearly discernable on day 17 (Fig. 20.20). 

Fig. 20.19. Subacute, nondestructive interstitial nephritis in a I> 
9-month-old girl who was immunized against smallpox 7 weeks 
prior to biopsy. Newly formed interstitial connective tissue is 
loosely organized and evidences mild Iympho-plasmocytic infil
trates which are especially pronounced at the corticomedullary 
junction. There is no destruction of tubules whatsoever. (By 
courtesy of Prof. Uehlinger, Zurich). PAS (x 150) 

Fig. 20.20. Acute interstitial (predominately serous) nephritis 
in Weii's jaundice (Leptospira ictero-hemorrhagica) as seen on 
the seventeenth day of the disease. Only slight damage to the 
tubular epithelium - which is flattened - is seen. Slight interstitial 
infiltrates in the edematously widened interstitium are present. 
Clinically polyuria, slight proteinuria and increased serum creati
nine values were noticed. Male, 51 years. HE (x 320) 

Fig. 20.21. Same case as in Figure 20.20. 17 days after disease 
onset. Edema and an interstitial infiltrate, consisting chiefly of 
phagocytes, activated lymphocytes and a few fibroblasts, are 
clearly evident. Slight vacuolar degeneration of proximal tubule 
( --». Male, 51 years. EM (x 2700) 
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Fig. 20.22. Same case as in Figure 20.20. 3 weeks after disease 
onset. There is now severe tubular injury with necrobiosis (N) 
and cell debris in the lumen (--». Remaining tubular cells are 
dedifferentiated. Male, 51 years. EM (x 2800) 

Fig. 20.23. Same case in Figure 20.22. 3 weeks after disease 
onset. A distal tubule is filled with cell debris and vital, dediffer
entiated cells. Male, 51 years. EM (x 2000) 
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Fig. 20.24. Same case as in Figure 20.22 after 3 weeks of Weil's 
jaundice showing loosening and thickening oflamina rara interna 
which includes cytoplasmic elements. Podocyte foot processes 
(FP); endothelial processes (E). Male, 51 years. EM (x 43,700) 

Fig. 20.25. Same case as in Figure 20.22. 4.5 months after Weil's 
jaundice showing glomerular residual damage with slight irregu
larity and thickening of the lamina rara interna as well as slight 
swelling and protein droplet storage of the endothelium. Clini
cally normal urinary findings and creatinine clearance. Male, 
51 years. EM (x 7700) 

Fig. 20.26. Same case as in Figure 20.22. 4.5 months after disease 
onset. Minimal interstitial fibrosis is present. Male, 51 years. 
EM (x 3700) 

Fig. 20.27. Severe, acute nonobstructive pyelonephritis. Masses 
of polymorphonuclear leukocytes in the edematous interstitium 
are assembled around the tubules. Five-month-old transplant. 
Male, 47 years. PAS (x 1207) 
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The infiltrate consists of small and activated lympho
cytes, immunoblasts, histiocytes as well as a few plasma 
cells which can be observed up to day 10 (Fig. 20.21). 
Tubular lllJuries are disproportionately severe 
(Figs. 20.22, 20.23). In one of our own cases-and with 
EM only - we observed, from day 17 onwards pro
nounced, very fine-granular thickening of the lamina rara 
interna of the capillary loops (Fig. 20.24) as well as de
generative and reparative changes of loop and intertubu
lar capillary endothelium (see also [68]). As is well 
known, endothelial cells are the most important target 
for leptospirae. 
The BM change can probably be explained as a conse
quence of disturbed permeability arising from endothe
lial injury; it can be demonstrated as long as 4.5 months 
after complete endothelial regeneration (Fig. 20.25; 
[1800]). In our case, the interstitium was only slightly 
fibrosed (Fig. 20.26) and the tubular changes were 
completely restituted. In one report [68], frank interstitial 
fibrosis was still present 6 months after infection with 
L. pomona. 

Pyelonephritis 
(Destructive Interstitial Nephritis) 
[138, 569, 1781] 

Definition 

Pyelonephritis (PN) is a disease characterized in the acute 
phase by polymorphonuclear leukocytic inflammation 
and in the chronic phase by the replacement of destroyed 
parenchymal elements by scar tissue. Both phases are 
primarily interstitial and the causative agents are almost 
always bacteria. 

Nosology 

Nosologically, acute and chronic as well as relapsing 
forms can be recognized and pathogenetically, obstruc
tive and non obstructive forms distinguished. 

Incidence 

In our autopsy material, 8.6% of all cases showed moder
ate to severe pyelonephritic changes of which 2.1 % were 
acute. In our biopsy material 19.3% of all cases demon
strated PN (Table 20.2). 
We confirmed 75% of clinically diagnosed PN in needle 
and open biopsies (between: 4 out of 13-73 out of 78 
cases [195]). Other investigators have reported 60% PN 
in the presence of normal creatinine clearance and 100% 

Table 20.2. Pyelonephritis in our biopsy material (n= 
400= 19.3% of all biopsies reviewed) 

Form ofPN Incidence;: 
in% 

Acute pyelonephritis 15 
Small pyelonephritic scars 20.5 
Chronic pyelonephritis without acute attack 44.5 
Chronic pyelonephritis with acute attack 9.5 
Chronic PN with overload glomerulitis 4.5 
Special forms 6.0 

PN in cases with decreased clearance values in needle 
biopsies [208]. 
In our autopsy material, the occurrence of PN is about 
the same for males and females but distribution accord
ing to age and cause is different. Nonobstructive PN 
is more frequent in females (female: male = 105: 62) 
where it occurs at a younger age than in males [1791]. 
In autopsy material, obstructive cases are, of course, 
predominant in association with prostate hyperplasia 
and cancer of the bladder, uterus, prostate, colon, and 
ureter. In our biopsy material of 245 PN cases, 115 
were obstructive and 130 were nonobstructive. In the 
latter group, phenacetin addiction was present in 44 out 
of 130. The sex ratio of all biopsy cases was female: 
male = 1.3: 1; the mean age was 41.4 years (in contrast: 
GN 29.4 years). 
In early childhood, acute PN is a frequent disease and 
is predominantly found in girls [555, 1791]. The majority 
of these show anatomical or functional abnormalities 
of the urinary tract-especially reflux. 
We have found PN contracted kidneys in 1.4% of all 
autopsies, bilateral in 34% and unilateral in 66% (ac
counting for one third of all unilateral contracted kidneys 
in our material). 

Clinical Findings 

The classic picture of acute PN is characterized by fever, 
flank pain, pyuria, dysuria, and pollakisuria. But acute 
PN may also be asymptomatic if only small segments 
of the kidney are involved. In our cases (Table 20.3), 
only one-fifth of the patients evidenced classic acute PN 
whereas the others showed minor clinical symptoms so 
that about 20% were discovered accidentally. 
Acute oligo-anuria is, in non obstructive cases, rarely 
observed. Chronic PN -without acute episodes-often 
remains asymptomatic for years (18% of all cases had 
no urinary findings at the time of biopsy) or lumbar 
pain, dysuria, and subfebrile temperatures may be pres
ent. Proteinuria is very frequently absent or slight ( ~ I gj 
day), nephrotic syndrome occurs only exceptionally 
[691 a]. 



During infection-free intervals, urinary findings often ex
hibit slight leukocyturia, granular casts, and microhema
turia, whereas acute relapses are manifested by bacteriu
ria, massive leukocyturia and leukocytic casts (Ta
ble 20.2). Insidiously developing uremia with anemia, 
acidosis, polyuria and, frequently, hypertension, occur 
later [138, 702, 1781, 1791]. After an average of 3-5 
years' duration of illness, 65% of the patients are hyper
tensive (50% of all cases: Z; Table 20.3) as compared 
to 15% in a control group of the same age [115]. 
Bacteriuria of over 100,000 bacteria/ml is only found 
in acute infection and indicates the need for antibiotic 
therapy. Repeating episodes of urinary tract infections 
in the past history are suspicious of chronic PN but 
neither necessary for nor proof of its presence. 
Signs of papillary necrosis (14.5% of our PN autopsy 
cases) are colic with elimination of sequesters, hematuria 
and the typical pyelogram findings. Contracted kidneys 
as well as large scars are demonstrable by pyelography 
[701, 702] as are scars with secondary widening and dis
tortion of calyces (hydrokalikosis: [1404]). 

Table 20.3. Nonobstructive pyelonephritis in our biopsies. (No 
data on possible vesicouretral reflux)a 

Parameter Without With 
phenacetin phenacetin 
addiction addiction 
(n=53) (n=36) 

Age distribution <20 3.8 [9.4%] 
years 
-at biopsy <30 15.0 [28.3%] 2.8% [8.3%] 
-[at disease <40 18.9 [26.3%] 13.8% [36.0%] 
onset 

<50 20.7 [16.9%] 50.0% [24.9%] 
<60 28.2 [13.2%] 22.2 (22.2%] 
>60 13.2 [5.6%] 11.1 [8.3%] 

Latency between 
disease onset and 340 (1-1959) 280 (4-1850) 
biopsy: average 
in weeks (range) 

Sex distribution d': <f 1.2: I 1.1 : 25 

Symptoms at disease n=50 n=30 
onset (in%) 

- Dysuria/Pollakisuria 6 13.3 
-Pyuria 16 26.6 
- Macrohematuria 8 13.3 
- Microhematuria 8 13.3 
- Proteinuria 26 13.3 
-Edema 12 6.6 
-Oliguria/anuria 4 6.6 
- Hypertension 30 20.0 
-Fever 22 20.0 
-Flank pain 38 56.6 
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Disease course until n=47 n=28 
biopsy 
(in% of cases) 

Less than 3 months 19.1 10.7 
duration 

Stationary 19.1 7.1 
Progressive without 23.3 32.1 

attacks 
Progressive with 12.7 28.6 

attacks 
In attacks 4.2 7.1 
Average No. of attacks 4 (3-5) 3.7 (2-9) 

(range) 
Chance discovery 21.3 14.3 

Clinical findings at n=53 n=36 
time of biopsy 
(in% of cases) 

No urinary findings 18.8 16.6 
Hematuria 37.6 30.5 
Leukocyturia 35.7 55.4 
Bacteriuria 9.4 16.6 
Proteinuria 30.1 22.2 
Leukocytic casts 3.8 0 
Granular casts 43.3 21.9 
H yperten si on 41.4 60.9 
S-urea/S-creatinine ? 50.8 60.9 
S-urea/S-creatinine ? ? 33.8 30.1 

Accompanying predis- 16.9 16.6 
posing disease (%) 
- Diabetes mellitus (n) 4 3 
-Gout (n) 2 
- Laxative addiction (n) 0 2 
- Chronic liver disease (n) 5 3 

Follow-up (;:;; I year) n=44 n=30 
in % of cases 

Patients died 50 70 
-Death in uremia 47.7 70 
Complete remission 15.9 3.3 
Clinical improvement 6.8 6.6 
Clinically unchanged 15.9 13.3 
Survival rate (%) [335a] 
from biopsy onwards 
- 5years 52.5 43 
-10 years 40.7 31 

a See for Definitions etc. Table 14.3, p. 193. 

In children, especially girls, remISSIOns are frequent 
(41 %), 27% of the cases, however, are asymptomatic 
and in 51 % of relapses, the bacterial flora was different 
from that observed during the first attack [555]. It was 
possible to demonstrate bacteria in two-thirds of the 
cases in a series of needle biopsies [569]. 
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LM Findings 

Typical for acute P N are leukocytic, often coalescing, 
destructive foci in the cortex and medulla (Figs. 20.27, 
5.8) which later contain variable numbers of histiocytes 
and, after a few days, also a few lymphocytes and plasma 
cells. Tubules and vessels are eroded and destroyed by 
the inflammation as is best seen in PAS or PASM stains 
(Figs. 20.28, 20.29). Glomeruli are also destroyed cen
tripetally (Fig. 20.30). 
In other cases, embolic purulent glomerular foci with 
capillary loop and total glomerular destruction occur 
(Figs. 5.7, 20.31). In children, glomeruli may almost 
completely disappear (see p. 437). Bacteria can be de
monstrated histologically only in the very acute phase. 
In chronic P N, there occurs a mosaic of histologic 
changes which, especially in small needle biopsies, may 
prove difficult to interpret. Usually, the focal radiate 
character of the lesion can be recognized if needle biopsy 
does not accidentally contain scar tissue only 
(Figs. 20.32, 20.33). Preserved and severely changed 
nephrons are clearly demarcated from each other 
(Fig. 20.32). 
The typical, chronic P N scar is characterized by the 
patchy destruction of renal structures (tubules, glomeruli 
and vessels) which are replaced by coarse-fibered scar 
tissue demonstrating a few lymphocytic infiltrates 
(Figs. 5.9, 20.33). Now and again-especially in chil
dren's chronic PN -lymph follicles can be observed in 
the interstitium (Figs. 9.10, 9.11, 9.13, 20.34). Fibrosis 
of interstitial tissue and tubular atrophy with BM thick
ening are present in the region surrounding the PN foci. 
Completely intact nephrons may be hypertrophic 
(Fig. 20.35) indicating the functional overload imposed 
by advanced renal destruction (i.e., contracted kidney). 
Thyroid-like foci (Fig. 20.35), i.e., groups of tubules with 
highly flattened epithelial cells and strongly PAS-positive 
colloid-like masses in the lumen (thickened urinary mu
coid) are a typical consequence of extensive medullary 
scars with secondary tubular stasis. They are especially 
pronounced in early childhood PN (see below). 
Glomeruli demonstrate at least four different changes: 

I. In pure destruction following early childhood PN, 
only small stellate collections of PAS-positive BM 
and mesangial remnants-which are difficult to recog
nize-are present (Figs. 20.36, 20.37; see p. 437). In 
adults, total glomerular destruction is extremely rare; 
partial destruction with capillary loop obsolescence 
is somewhat more frequent. 

2. The vast majority· of the changed glomeruli demon
strate the well-known picture of collapse (Figs. 6.114, 
20.38) with a wrinkled BM and a capsular space filled 
with exudate in which collagenous fibers subsequently 
develop. The cause of collapse formation is thought 
to be due to impairment of blood flow by destruction 

Fig. 20.28. Acute pyelonephritis with destruction of tubular BM !> 

and epithelium by polymorphonuclear leukocytes. PAS (x 500) 

Fig. 20.29. Loosening and partial destruction of an arteriolar 
wall (A) following acute pyelonephritis. Small lymphocytes are 
predominant. Male, 36 years. PAS ( x 500) 

Fig. 20.30. Same case as in Figure 20.27. Extension of acute 
pyelonephritis from interstitium to glomerulus. Male, 47 years. 
PAS (x 375) 

Fig. 20.31. Leukocytic destruction of a glomerulus in pyeloneph
ritis arising from bacterial emboli (~). Numerous polymorpho
nuclear leukocytes fill the capsular space. Note periglomerular 
inflammation. HE ( x 500) 
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Fig. 20.32. Chronic pyelonephritis. Subcapsular pyelonephritic 
focus (capsule:~) is sharply delimited from the intact renal par
enchyma. Tubules in region of focus are completely destroyed 
and two glomeruli are obsolescent. A third evidences loop col
lapse. Female, 9 years. PAS (x 150) 

Fig. 20.33. Pyelonephritic cortical scar. Renal capsule (~). Scar 
is wedge-shaped and evidences scanty infiltrates and a rather 
coarse-fibered network. Tubules are completely destroyed in the 
region of the scar. BM is thickened in zone bordering the scar. 
Male, 79 years. P ASM ( x 100) 

Fig. 20.34. Lymph follicle formation with a germinal center (GC) 
in chronic pyelonephritis. There is a well preserved glomerulus 
side-by-side with a completely obsolescent one. Male, 3 years. 
PAS (x 100) 

Fig. 20.35. Pyelonephritic contracted kidney in phenacetin addic
tion. Note hypertrophic cystic widened tubules with severely 
flattened epithelium and hyaline casts representing a transition 
to a thyroid-like tubular change. Synechia in highly injured glo
merulus is present. Male, 43 years. HE (x 140) 
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Fig. 20.36. Star-shaped glomerular spider-scar in early childhood 
pyelonephritis. Glomerulus is still relatively easily recognizable. 
PAS (x 440) 

Fig. 20.37. Extensive glomerular destruction in chronic pye
lonephritis due to ureteral stone obstruction. Glomerular capil
lary loops are completely collapsed (~), and surrounded by 
an unclearly delimited exudate. Female, 2.75 years. PAS (x 440) 

Fig. 20.38. Chronic pyelonephritis. All glomeruli demonstrate 
collapse type and not pyelonephritic type of obsolescence. Tu
bules are almost completely destroyed. Female, 66 years. PAS 
(x 160) 

Fig. 20.39. Vascular changes in chronic pyelonephritis. Arteriolar 
and arterial adaptive intimal fibrosis (--». Female, 58 years. 
PAS (x 180) 
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and compression of the postglomerular interstitial ca
pillary network by scars, and also possibly by destruc
tion and scar transformation of the vasa afferentia 
and efferentia. Additionally, hypertensive vasculo
pathy may also be involved. 

3. In severe hypertensive vasculopathy, corresponding 
glomerular changes may appear. 

4. So-called overload glomerulitis (see p. 308) is a classic 
complication of severe PN contracted kidney. 

The variety of vascular changes (Fig. 20.39) has already 
been illustrated by the discussion on glomeruli 
(Fig. 20.38). In contracted kidney -especially after long
term dialysis-extensive adaptive intimal fibrosis also 
occurs. 
In relapse, changes of acute PN overlap those just de
scribed. 
In addition to PN scar, an active chronic PN can also 
be recognized, indicating a progressive lesion. It is still 
controversial whether or not vital bacteria are present 
in the progressive form; we believe not. Needle biopsy 
from active chronic PN shows, in addition to the de
scribed changes, foci with very den sly packed infiltrates 
strikingly rich in plasma cells and lymphocytes mixed 
with scattered neutrophilic leukocytes. The acute relapse 
must be differentiated from this form insofar as it con
sists of scar tissue besides foci of neutrophilic leukocytes. 

Special Forms of Pyelonephritis 

Xanthomatous PN is characterized by extensive foci of 
destruction bordered by lipid and, at times, PAS-positive 
material containing foam cells (Figs. 5.10, 20.40, 20.41) 
and giant cells. This form is mainly observed in infections 
with E. coli or staphylococci [32, 1791, 1781]. This lesion 
may sometimes be misinterpreted as tuberculosis. 
Synonym: xanthogranulomatous PN 

Emphysematous PN is an acute PN with great numbers 
oflarge, oval lacunae (gas bubbles) in the tissue. Diabetes 
mellitus and gas-producing bacteria are usually present 
in this condition [1432]. 

Hydrocalicosis is a special form of a PN scar in which 
cortical tissue is greatly narrowed and the associated 
calyx widened similarly as in hydronephrosis (Fig. 5.11 ; 
see p. 51 [1404]). 

Tuberculoid PN is a form we have observed following 
administration of cortisone in high doses as well as after 
thiazole medication [1780 b]. 

Large Cell PN (Malakoplakia), previously considered to 
be a special form of nondestructive IN [1780b], is now 
believed to be a form of PN. In this entity, very severe 

tubular destruction and strands and whorls of cells
strongly eosinophilic histiocytes (van Hansemann histio
cytes) -are found (Figs. 20.42, 20.44). These cells evi
dence practically no sudanophilic substances. Lympho
cytes, plasma cells, and a few, small leukocytic clusters 
are present. Many investigators suggest that large cell 
PN is the renal form of malakoplakia. However, Mi
chaelis-Guttmann bodies, which are thought to be 
calcified giant phagolysosomes [971], are rarely pre
sent. 
Another special feature of this form of PN is the extraor
dinarily severe tubular destruction which is assumed to 
be due to coliform bacteria [971, 1311]. The peculiar 
accumulation of phagocytes is attributed to digestive dis
turbances within their phagolysosomes resulting from 
deficient acidification. Drugs may also be involved in 
this process [1615]. 

IF Findings 

In 24 of our own cases (3 acute PN, 21 chronic PN) 
15 demonstrated positive findings. IgM occurred alone 
in 5 cases, C3 alone in 2, and IgM and C3 together 
in 2 in a focal-segmental distribution pattern in the me
sangium and/or peripherally. In the remaining 6 cases, 
a combination of IgM, C3 and IgA (IgA only peripher
ally) was found in 2 and a combination of IgG, IgM, 
IgA and C3 in 4 cases in which IgG and IgA occurred 
intraglomerularly, always segmentally, and purely pe
ripherally, and in the kidney, focally or diffusely [51, 
121, 865, 1010]. 
All investigators have emphasized the focal-segmental 
character of the immunoglobulin and complement depo
sition. In chronic PN, there have been various demon
strations of immunoglobulins, complement and bacterial 
AG in the interstitium, the tubular epithelium and the 
vessels [39, 319, 912]. In our own material, cell-bound 
immunoglobulins (IgG, IgM, IgA, IgE) were found in 
5 cases, and fibrin was found free twice in the intersti
tium. 

Fig. 20.40. Xanthomatous pyelonephritis in nephrolithiasis. Liver [> 

cell-like strands of phagocytes and a few polymorphonuclear 
leukocytes are seen. Female, 69 years. HE ( x 350) 

Fig. 20.41. Same case as in Figure 20.40. Histiocytic foam cells 
are now clearly evident. HE (x 170) 

Fig. 20.42. So-called large cell pyelonephritis (possibly malako
plakia). Distended and often spherical phagocytes contain masses 
of argyrophilic granules but no sudanophilic material. Female, 
69 years. P ASM (x 532) 

Fig. 20.43. Same case as in Figure 20.44, demonstrating phagocy
tosis of a polymorphonuclear leukocyte. Male, 56 years. EM 
(x 7300) 
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EM Findings 

In acute PN, the interstitium is dominated by extensive 
infiltrates of polymorphonuclear leukocytes and a few 
phagocytes as well as by severe stasis of intertubular 
capillaries which sometimes undergo rupture with atten
dant interstitial hemorrhage (Fig. 20.44). Tubules also 
contain polymorphonuclear leukocytes in addition to 
phagocytes (Fig. 20.44). The interstitial phagocytes con
tain a few ingested leukocytes (Fig. 20.43). A large 
number of leukocytes can be seen in the dilated periglo
merular lymphatic spaces (Fig. 20.45). 
In the region of the foci, the glomeruli often evidence 
a pronounced increase of polymorphonuclear leukocytes 
in the capillary loops (Figs. 20.45, 20.46). Endothelial 
cells and podocytes are either edematous or hypertrophic 
(Figs. 20.45, 20.46). 
With chronic PN, there is a striking accumulation of 
peri glomerular infiltrates as is present in the acute form 
(Fig. 20.47). Within infiltrates, the tubules and their 
membranes have completely disappeared. The infiltrates 
consist predominantly of small lymphocytes along with 
a moderate number of phagocytes (Fig. 20.47). 
In the xanthomatous form (see p. 430) these phagocytes 
are especially numerous and contain many leukocytes 
and bacteria and are particularly rich in phagolysosomes 
[1294]. 
Segmental glomerular capillary loop collapse (for glome
rular findings see Figs. 6.9, 6.22, 6.34, 6.57, 6.64, 6.80, 
6.88) is present in about half of the cases and signs 
of segmental loop obsolescence in one-third of our cases 
(Fig. 20.48). Endothelial cells are, at times, edematous 
or hypertrophied and they form arcades frequently. 

<l Fig. 20.44. Acute pyelonephritis. There is blood stasis in the 
intertubular capillaries (CL) which are occasionally ruptured re
sulting in interstitial hemorrhage (*). In the tubules, polymorpho
nuclear leukocytes and, sometimes, phagocytes (PH) can be 
identified. In the severely edematous intersitium, phagocytes are 
the predominant cell type in addition to somewhat scantily pre
sent polymorphonuclear leukocytes. No tubular destruction is 
recognizable. Male, 56 years. EM ( x 1200) 

Fig. 20.45. Same case as in Figure 20.44. Edematously enlarged 
periglomerular space is strikingly rich in infiltrates consisting 
of polymorphonuclear leukocytes as well as phagocytes, erythro
cytes and some fibrin strands. There is slight activation of glome
rular capillary loop endothelium and of podocytes as well as 
an increased number of polymorphonuclear leukocytes in the 
glomerular capillary loop lumens. Capsular space is almost 
empty; there is no destruction of capsular BM. Male, 56 years. 
EM (x 1300) 
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Glomerular BM is rarely completely unchanged; it de
monstrates segmental thickening in about one-sixth and 
diffuse thickening in half of our cases. Thickening of 
the lamina rara interna is not infrequent. In about one
fourth of our cases, a few deposits can be identified 
within the BM. On the other hand, subendothelial depo
sits or deposits along the mesangial BM are rarely en
countered. BM doubling occurs in a few cases ac
companied by mesangial interposition in isolated loops. 
Podocytes are often edematous and microvilli are fre
quently formed on their surface. 
Fusion of foot processes - occasionally extensive - is 
observed in about three-fourths of our cases. While the 
epithelium of Bowman's capsule rarely shows prolifer
ation or synechiae (Fig. 20.49). The capsular BM is 
frequently considerably thickened and fragmented 
(Fig. 20.47) but rarely contains osmiophilic deposits. 
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Fig. 20.46. Same case as in Figure 20.44 showing leukocytosis 
of glomerular capillary loops and hypertrophy of the endothe
lium (E). Male, 56 years. EM (x 3300) 

Fig. 20.47. Chronic pyelonephritis. Small and activated (large) 
lymphocytes as well as phagocytes represent the predominant 
cells. Splitting of glomerular capsular BM and connective tissue 
proliferation (--» are seen. Complete obsolescence of glomerular 
capillary loops (G) is present. Male, 77 years. EM (x 1400) 
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Fig. 20.48. Chronic pyelonephritis evidencing peripheral glome
rular capillary loop collapse and incipient obsolescence. Male, 
59 years. EM (x 7300) 

Fig. 20.49. Crescent formation caused by proliferation of capsu
lar epithelium in chronic pyelonephritis in a 3-year-old boy with 
myeloid leukemia. Most of the proliferated cells are from the 
capsular epithelium between which isolated, dark podocytes (P) 
can be identified. Outermost layer of the split and partially 
dissolved capsular BM (CBM); compressed glomerular capillary 
loops (*). EM (x 1700) 
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Tubules are severly atrophic and frequently dedifferen
tiated (Figs. 8.12, 8.14; see p. 124). Their BM is thick
ened and often fragmented (Figs. 8.10, 20.50) which may 
be viewed as a sequel of acute erosion. 
Blood vessels show the same changes as observed with 
LM. 

Differential Diagnosis 

In acute PN, no diagnostic problems are to be ex
pected. 
In this connection it is noted that there is no fundamental 
difference in findings between acute embolic purulent 
focal nephritis and acute PN, i.e., the PN can develop 
out of embolic, purulent focal nephritis evidencing highly 
virulent bacteria (see p. 282) or by ureteral ascension. 
Differentiation from acute interstitial transplant rejec
tion has never really caused problems since in trans
plants, large numbers of polymorphonuclear leukocytes 
and erosive destruction of tubules are both absent. 
Chronic PN is differentiated from subinfarction (see 
p. 508) by the presence of the destructive tubular foci 
and inflammatory widening of the interstitium in the 
former. Tubular dedifferentiation and glomerular capil
lary loop collapse are present in both conditions. Chronic 
PN is differentiated from chronic IN and GN by its 
radial scars or focal spreading. Additionally, the changes 
in the more or less intact glomeruli characteristic for 
chronic GN are usually not subject to misinterpretation. 
Nevertheless, overload glomerulitis must be considered 
in the presence of obvious focal-segmental glomerular 
involvement (see p. 308). If the needle biopsy contains 
scar tissue, only two features will assure the diagnosis 
of chronic PN: (1) the destructive vascular, glomerular 
and tubular changes present, and (2) the occurrence of 
replacement scar tissue rich in fibroblasts instead of the 
interstitial sclerosis present in chronic IN. In advanced 
contracted kidney, however, differentiation between 
chronic PN, GN, and interstial nephritis may be impossi
ble. 

Prognosis 

Hypertensive vasculopathy is frequently encountered as 
are tubular adenomas in contracted kidneys. In very 
severely contracted kidney, overload glomerulitis is oc
cassionally found (see p. 308). The vascular changes de
scribed can lead to small subinfarcts which considerably 
complicate interpretation. 

Complications 

PN lesions can heal with scar formation and, except 
for hypertension-which is not obligatory-may not 
have any clinically significant sequelae. The greatest dan-

ger is relapse resulting, ultimately, in uremia. The course 
ofPN, however, is unpredictable. Even in advanced renal 
insufficiency, renal function may become stationary for 
many years, but be followed by a rapid decline resulting 
in terminal uremia. Relapse of acute PN or exogenous 
factors such as phenacetin addiction are not, in all cases, 
responsible for changes in progression of the disease. 
The reported follow-up results show that 13.6% of the 
patients died, 13.8% demonstrated persisting disease, 
18.1 % had remaining clinical damage, and that 54.4% 
were cured completely [138, 1099]. The prognosis in our 
material-chiefly comprising advanced stages of the dis
ease-(Table 20.3) was bad, with lO-year survival rates 
for patients without phenacetin addiction of 40%, and 
for those with of 31 %. Complete remission occurred 
only in 15.9% of patients without and in 3.3% of patients 
with phenacetin addiction. 
If the first clinical attack occurs in children before the 
end of the second year of life, the mortality is 28% 
and if it occurs thereafter 14% [1568]. In infants with 
PN associated with vesico-ureteral or pyelo-renal reflux 
chronic PN often develops from acute PN (13 out of 
17: [1355]; 22%: [555]). 
Hypertension occurring with unilateral PN contracted 
kidney can sometimes be healed by surgery (3 out of 
7: Z) or improved (4 out of7: Z; [431]; see also p. 541. 

Pathogenesis 

Acute PN may arise hematogenously or by direct (as
cending) spreading of bacteria [1791]. Prior infection of 
the lower urinary tract is very frequent. The urethra 
appears to be an important reservoir for bacteria [324]. 
The greater incidence of acute PN in female infants wear
ing diapers is ascribed to the shortness of the urethra 
in the female. 
Animal experimentation indicates that bacteria chiefly 
gain access to the bloodstream from the mucosa of the 
bladder, i.e., reach the kidney hematogenously. Urinary 
stasis is a powerful contributor to local infection and 
subsequent PN. In males, stasis is of significance in 58% 
of our patients (see Table 22.1) and in only 21 % in fema
les: 11 % lithiasis; 6 % cervix carcinoma; 3 % urethral 
stricture; 1 % bladder carcinoma. Further contributory 
factors which predispose for PN are hypercalcemia, hy
peruricemia, diabetes mellitus, chronic hypokalemia, 
analgesic addiction, and hypercalciuria. In 70-75% of 
infantile PN, the infection is thought to arise from uri
nary stasis associated with vesico-uretral or pyelo-renal 
reflux [687 a, 703]. Additionally malformations of the 
urinary tract play an important role in the development 
of PN in childhood [144]. 
We attribute the frequent development of collapse glo
meruli and subinfarcts to the obsolescence of postglome
rular intertubular vessels (see also [1068]). 
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Etiology 

In a large surve~ of the literature [138], the following 
bacteria and their incidence were found: 

Bacterium 

E.coli 
Aerobacter aerogenes 
Klebsiella 
Proteus 
Pseudomonas aeruginosa 
Enterococci 
Staphylococci 
Others 

Frequency 
(% of cases) 

13.8-63.5 
3.2-18.0 
0.2-11.0 
3.2-18.4 
3.6-18.0 
1.8-27.5 
3.2-46.0 
o -15.7 

Relapse is often caused by a bacterium different from the 
one producing the disease initially [555]. 
The possibility of PN arising from mycoplasms 
(800-5000 A-large structures without cellular walls) has 
been proposed since these agents have been demon
strated in 10-17% of abacterial diseases of the urogenital 
tract [1406]. 
Cases of chronic, active PN with negative bacterial find
ings and the absence of urinary tract infection [39] point 
to the possibility of a nonbacterial etiology (12 out of 
20 cases of active chronic, nonobstructive PN: [33, 
687a1; see also Table 20.3). Nevertheless, the previously 
mentioned IF findings indicate prior bacterial infection 
with bacterial AO still present in renal parenchyma [39]. 

Pyelonephritic Contracted Kidney 
of Early Childhood 
[1791] 

Definition 

Usually unilateral, partial or total contracted kidney with 
morphologic characteristics of chronic PN developing 
in early childhood. 

Synonyms: Segmental hypoplasia [626, 628]; Ask-Up
mark-kidney [55]. 

Incidence 

In our autopsy material, we found 1.1 0/ 00 of such cases, 
chiefly in young women of all ages [362, 1791]. 

Clinical Findings 

In young patients, nephrectomy is usually done because 
of hypertension and/or because of intolerable flank pain 
engendered by PN attacks. In autopsy cases, we have 
noted the presence of hypertension in 21 out of 31 of 
the subjects (75% in females, 100% in males: [113]; 
71.5% of all cases: [1391]; 57% of all cases: [1262, 
1392]). 
Patients subjected to the disease frequently show 
retarded growth at an early age [1392J. Arteriography 
combined with pyelography shows a total or partially 
contrast-free corticomedullary zone [1535]. Early child
hood PN is, however, rarely elicited in the case history 
[1791]. 

LM Findings 

The changes may be sector-like (Fig. 5.11) and, as such, 
not unconditionally recognizable in needle biopsy. 
Histologically, chronic, almost always inactive (scar 
form) PN with the following special characteristics is 
seen: 
1. Thyroid-like foci are markedly frequent and extensive 

(Figs. 5.11,20.51) 
2. At first glance, the number of glomeruli in scar foci 

appears to be considerably reduced. However, with 
higher magnification, rather numerous PAS-positive 
membrane stars (spider scars)-representing residues 
of destroyed glomeruli (Fig.20.52)-can be rec
ognized (Fig. 20.53). Complete glomerular destruc
tion is far more frequent in acute PN of childhood 
than in later life. 
Completely obsolescent glomeruli are also recogniz
able as is noted by investigators favouring the segmen
tal hypolasia theory [1392]. The lOA is occasionally 
considerably hypertrophied [1071]. 

3. Adaptive intimal fibrosis is usually exceedingly 
marked (" endarteritis sclero-elastica chronica" [626, 
628, 1392], p. 151). 

In remnant parenchyma, severe hypertrophy of intact 
renal elements (glomeruli, tubules) may be present in 
rare cases of severe, bilateral disease [1679]. 

Prognosis 

With the exception of complicating hypertension, the 
prognosis is good. This is illustrated by the frequent 
occurrence of early childhood contracted kidney in old 
and very old subjects coming to autopsy. The hyperten
sion is often curable by partial or total nephrectomy 
(75%: [626,628]; 2 out of 2: [1155]; 14 out of 14 cases: 
[1262]; see also [1791], and p. 541). 
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Fig. 20.53. Complete glomerular destruction in subacute pye
lonephritis of early childhood associated with ureteral stenosis. 
Residues of the glomerular capillary loop BM are no longer 
recognizable. Male, 1.75 years. PAS ( x 420) 

<l Fig. 20.50. Tubular atrophy in pyelonephritic contracted kidney. 
Tubular BM is highly thickened (*), disintegrated into clumps, 
and permeated with fibrocytes (Fe). Male, 52 years. EM ( x 3420) 

Fig. 20.51. Thyroid-like focus in the renal cortex in chronic 
pyelonephritis associated with nephrolithiasis. Female, 61 years. 
PAS ( x 50) 

Fig. 20.52. Active early childhood pyelonephritis associated with 
stenosis of the ureteral ostium and hydronephrosis with nu
merous glomerular residues still provided with vital cells (--+). 
Tubules are almost completely destroyed and extensive inflam
matory infiltrates are present in the widened interstitium. Male, 
4 years. PAS ( x 210) 

Fig. 20.54. Contracted kidney which weighed 70 g in a case 
of so-called Montaldo pyelonephritis. Only isolated nephrons 
with hypertrophied tubules are still preserved. Glomeruli are 
especially striking because of their severely widened capsular 
space ( --+). Male, 67 years. PAS ( x 29) 

Pathogenesis 

In our opinion, this type of segmental or total contracted 
kidney is the consequence of PN (see also [24]). The 
extensive destruction of glomeruli with their occasional 
dissolution is typical for acute early childhood PN (see 
above ; [1791]). Tubular changes are viewed as acquired 
malformations. It has been possible to produce them 
experimentally [8]. 
Other investigators consider the lesion to be segmental 
hypoplasia [113, 362, 626, 628, 923, 1071 , 1155, 1262, 
1392, 1535]. They support their view by pointing to the 
small number of well-recognizable glomeruli in the 
damaged zones. We reject this theory not only because 
of the special type of the glomerular destruction men
tioned above, but also because of the usual absence of 
hypogenetic foci . 
In only 2 out of 29 surgical specimens of early childhood 
PN contracted kidney were we able to demonstrate a 
few cartilagenous foci. As is known, early childhood 
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PN is especially prone to develop in partially malformed 
kidneys. A typical finding - which is relatively frequent
is ureter fissus or duplex (8 out of 41 cases: [1791]). 
In ureter duplex, that renal tissue is usually implicated 
which is associated with the heterotopic draining ureter. 
Extensive adaptive intimal fibrosis also points to scarifi
cation processes since it is absent in genuine hypoplastic 
and dysplastic kidneys; the same consideration is valid 
for thyroid-like foci. Finally, a further argument for our 
theory is that even proponents of the malformation the
ory have found vesico-ureteral reflux associated with 
early childhood PN, a well-known causative factor in 
the pathogenesis ofPN in childhood as pointed out prev
iously [923, 1392]. Infection of the urinary tract, which 
is not infrequently found in such patients, is considered 
by these investigators to be secondary [923, 1155]. 

Montaldo's Pyelonephritis 

This special form of PN, named after the first investiga
tor [1130a] is characterized by the occurrence of small 
glomerular cysts located directly under the kidney cap
sule. The cysts are partially filled with proteinaceous 
fluid. The glomerular capillary loops are severely 
collapsed (Fig. 20.54). Since an analogous picture is very 
characteristic for the renal changes associated with chro
nic renal vein thrombosis (see p. 503), it is reasonable 
to assume that impairment of renal blood flow and main
tenance of venous return by capsular veins are factors 
common to both lesions. 

Balkan Nephropathy 
[540, 561, 562, 563] 

Definition 

Balkan nephropathy may be defined as a renal lesion 
endemic in the Balkans associated with increased inci
dence of urothelial tumors (transitional epithelial tu
mors). 

Clinical Findings 

The disease attacks young women much more frequently 
than men. It begins in early childhood and manifests 
itself by lumbar pain, intermittent hematuria, in rare 
cases by proteinuria, and by constant bacteriuria. Hyper
tension is rare. Nephrolithiasis is present in about one
third of the cases and anemia almost always. 

LM and EM Findings 

The entity is usually described as blandly coursing chro
nic PN. After study of numerous cases, we also tend 
to this point of view. We have not been able to accept 
the notion [563] that the lesion represents a primary 
nondestructive nephritis with optional secondary PN. 
With EM, unspecific changes have been observed [790, 
791]. Only amorphic osmiophilic corpuscles (diameter: 
0.1-0.5 11m) in tubular cytoplasm constitute a unique 
feature, but they elude explanation as is the case for 
300-350 A large virus-like particles [540, 39a]. 

Pathogenesis and Etiology 

In our opinion, pathogenesis and etiology of the nephro
pathy is not clear, although it is said to be due to PN 
acquired in childhood from ingestion of water contami
nated with coli bacteria [563]. 
No evidence has been submitted indicating primary toxic 
tubular injury [1447] or causal significance of silicates 
[1008]. 
The association of the disease with urothelial tumors 
(48% of cases) arising secondarily remains completely 
unexplained [561, 905]. A similar situation is only known 
for phenacetin addiction (see p. 440) which, in Balkan 
nephropathy, can be excluded. In our opinion, factors 
other than simple coli infection must be involved, since 
otherwise, urothelial tumors should be found more fre
quently in PN caused by coli infections outside the 
Balkans. Recent findings of virus particles, possibly 
corona-virus, offer a better explanation [39a]. 

Renal Changes in Phenacetin Addiction 
[1094,1184,1259, 1606a, 1792] 

Following recognition of the relationship between addic
tion to phenacetin and renal changes [1551, 1787] the 
only relevant finding was an increase of chronic IN with 
papillary necrosis. The much more frequent occurrence 
of pyelonephritis as a consequence of phenacetin abuse 
was realized later [1792]. 
Other drugs, such as aspirin have subsequently been im
plicated [534, 1366]. New evidence, however, appears 
to contradict this contention [989]. 
We do not believe that phenacetin causes specific renal 
lesions and information from case histories is often inad
equate to allow reliable analysis of autopsy material. 
Clinico-epidemiologic surveys [395] including psychiatric 
institutions [830] show that 25% of phenacetin addicts 
in mental institutions and 70% of those undergoing out
patient or inpatient treatment in Swiss hospitals have 
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Table 20.4. Renal findings from biopsy material in phenacetin Prognosis 
addiction (n=95) 

Group I Group II Group III 
Total (amount (amount 

< 10 kg) > 10 kg) 

Duration of addiction 7.l±3.4 20.6±9.6 
(mean ± SD) in years 

Phenacetin amount in kg 3.9±2.5 l5.6±5.3 
(mean±SD)a 

No. of patients (n) 95 b 31 42 

Nephropathy 25.3% 32.2% 14.2% 
(without relation 
to phenacetin, e.g. GN) 

No. significant 10.5% 22.6% 2.3% 
pathologic changes 

Small PN scars 12.6% 22.6% 7.1% 

Chronic PN 42.1% 22.6% 59.8% 

PN contracted kidney 6.3% 11.9% 

Chronic IN 3.1% 4.7% 

a Estimated form amount of phenacetin (g/day) x (duration of 
addiction in years). 
b 22 patients included with incomplete information on duration 
and amount of phenacetin addiction. 

clinically demonstrable renal lesions (131 out of 161: 
[395]). 
Our findings based on renal biopsy are summarized in 
Table 20.4, demonstrating that the longer the duration 
of phenacetin addiction and the higher the total amount 
of phenacetin intake, the more severe the renal lesions 
(compare groups II and III). 
Of patients with PCP, 20-30% are reported to suffer 
from a chronic renal lesion as a consequence of phenace
tin abuse [130]. 
The incidence of renal pelvic carcinoma (occasional ure
teral or bladder carcinoma) has been shown to be statisti
cally significantly related to phenacetin addiction [112 a, 
938]. Therefore, patients with known phenacetin addic
tion should undergo regular urinary cytologic examina
tion for detection of tumors of the urinary tract. 

LM Findings 

There are no specific findings. Chronic IN or chronic 
PN may be present. Marked increase of papillary ne
crosis or merely increased widening of medullary and 
papillary connective tissue are striking [286, 534, 570], 
as of strong sudanophilia of the interstitial tissue and 
the thickened BM of papillary tubules and vessels 
[1624a]. 

The prognosis depends on the type of renal lesion (for 
prognosis of chronic PN, see Table 20.3). Complete drug 
withdrawal appears to at least stabilize the disease or 
prevent Its further progression [1192]. 

Pathogenesis 

The pathogenesis remains unclear and attempts at clarifi
cation by experimental study have been unrewarding 
[1626]. In part, tubular changes have been demonstrated 
[1259, 1366] which, however, were due to reduced food 
intake, i.e. tubular changes corresponded to those seen 
in starvation [1626]. 
Current views are focused on a primarily drug-induced 
papillary necrosis with secondary cortical atrophy and 
sclerosis [570, 1184, 1068, 1624a] and possible tertiary 
PN [233]. Papillary necrosis is attributed to the especially 
high concentration of the metabolite para-aminophenol 
in the papillae and the injury caused thereby to the vasa 
rectae [155]. 
Various investigators have produced papillary necrosis 
in rats by overfeeding them with phenacetin [845] but 
it must be noted that phenacetin metabolism is different 
in rodents than in man [59]. There are, however, many 
negative experimental findings [1626]. Additionally, un
equivocal cases of phenacetin addiction with severe renal 
lesions and without papillary necrosis speak against the 
role of the drug in directly causing the lesion. 
An allergic reaction to phenacetin or phenetidin [1304] 
has also been suggested. Accordingly, the increased fre
quency of PN is explained as a superimposed infection 
of a kidney previously injured by allergy. The increased 
incidence of renal pelvic tumors is explained as the direct 
action of the metabolites phenetidin and 2-hydroxyphe
nitidin sulfate. 
It can only be said with certainty that chronic analgesic 
abuse-especially of phenacetin-injures the kidney in 
such a way that it becomes increasingly susceptible to 
infections, including tuberculosis [1791]. 

Combination of Pyelonephritis 
and Glomerulonephritis 

The combination of two acquired nephropathies is not 
rare and has been reported to occur in 10% of a series 
of autopsy cases [1779]. The combination of an acquired 
nephropathy with chronic pyelonephritis was present in 
3% of a biopsy series [1271 a] and in 5.2% of our own 
biopsy material. 
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Table 20.5. Combination of PN and GN in our biopsy material 

Morphologic Leuko- Leuko- Radio- Morpho-
diagnosis cyturia, cytic logic PN logic 

bacteri- casts findings PN 
una 

Total GN n° 718 670 554 805 
DID + 8.2 3.4 10.8" 6.1 

Endothelio- n° 178 161 138 209 
mesangial G N 
(including DID + 8.9 2.6 9.4 5.7 
crescents < 50%) 

Extracapillary n° 24 20 10 33 
accentuated if if 
GN (>50% DID + 25 15 10 3 
crescents) 

Epimembra- n° 55 51 46 70 
nous GN DID + 1.8 2.0 8.7 8.6 

Membrano- n° 33 29 20 42 
proliferative DID + 3.3 10.3 10 7.1 
GN 

Segmental- nO 125 107 91 129 
focal proli- I I 
ferative GN DID T 12.8 3.7 16.5 7.7 
(including 
crescents 
<50%) 

Segmental- n° 89 84 59 101 
focal II 
sclerosing G N DID + 12.4 1.2. 22 10.0 

Glomerular n° 193 181 154 221 
minimal H 11 
change DID + 3.6 0.5 8.5 4.1 

Chi-square-Test: significantly more frequent ()') more rare (1) 
than in the sum of all other GN (see also Table 14.4). 

(0) finding stated, C) finding present in % 

" n=60. 

10% : Nephrolithiasis 
18.3%: Hydronephrosis 
79.9%: Distortion of renal pelvis/calyces 
18.3%: Obstruction of urinary tract. 

Incidence of several findings in one case possible. 
Consideration of radiological findings for both kidneys. 

The diagnosis of combined renal lesions is especially 
difficult-if not impossible-in the advanced stages of 
disease due to overlapping of morphologic characteris
tics. This is especially valid for the diagnosis of chronic 
PN since, in the advanced stage, morphologic differentia
tion of overload glomerulitis accompanying PN with 
respect to primary GN with accompanying PN may 
prove to be well-nigh impossible (see p. 308). 
The diagnosis of acute PN, on the other hand, rarely 
presents difficulties if it is recalled that a few tubular 
leukocytes and leukocytic casts also occur in GN and 
especially in the presence of capillary loop necrosis (see 
p.218). 
Data in the literature relating to the frequency of occur
rence of the combination of GN with chronic PN show 
large variation (autopsy material 17%: [411]; 3.6%: 
[1779]; biopsy material 10.8 % : [1183 a]; clinical material 
7.4%: [1606a]; bacteriuria in all GN: 21.6% [1l83a]. 
In morphologically demonstrated combination of GN 
and chronic PN, bacteriuria was reported in 31 % of the 
cases [1183a]. 
Among 805 of our GN biopsies (Table 20.5) certain or 
probable PN was present in 6.1 %; clinical indication 
of PN - based on leukocyturia and bacteriuria - in 8.2% 
and based on leukocytic casts in 3.4%. There was no 
statistically significant correlation between the 
morphological incidence ofPN and different GN forms. 
Clinically, bacteriuria and leukocyturia were especially 
frequent in extracapillary accentuated GN and prolifera
tive FGN, and radiologic indications for PN were found 
more frequently in proliferative and sclerosing FGN than 
in the total material. 
The frequency of chronic PN with GN (6.1 %) does not 
statistically differ from the frequency of chronic PN in 
large autopsy series (5.6%: [1304a]; 7.4%: [1791]). This 
is further emphasized by the fact that we were not able 
to discover a significant increase of PN in relation to 
clinical duration of GN ( < 1 year, versus> 1 year). This 
leads us to the conclusion that an increased susceptibility 
of a GN kidney for (chronic) PN does not exist. 


