
IV. Coagulopathies 

Definition 

The pathogenetic principle of plasmatic clotting disorders is the 
reduced or missing activity of one or more plasmatic factors during the 
coagulation process in vivo. Reduced activity may be caused 
1. by a quantitative reduction in the factor or factors concerned, 

either through reduced synthesis or as a result of increased turn
over, 

2. by a qualitative defect in the protein structure of the clotting factor, 
which prevents normal activity or function, 

3. by the presence of an inhibitor in the plasma which blocks the 
development of the activity. 

The defect may be localized in one or more different phases of the 
coagulation process by a disturbance 
1. in the formation of the prothrombin activator of the extrinsic or 

intrinsic system, 
2. in the formation of thrombin, 
3. in the formation of fibrin. 

Tables 1 and 2 give a summary of plasmatic coagulation disorders. 
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Table 1. Clotting factors and their relationship with hemorrhagic diatheses 
(Deutsch, 1973, VII) 

Clotting Name Clotting disorder 
factor 

Congential Acquired 

Fibrinogen Afibrinogenemia Consumption 
hypofibrinogenemia coagulopathy 
dysfibrinogenemia fibrinogenolysis 

II Prothrombin hypoprothrombinemia Vitamin K deficiency 
of the newborn 

Dysprothrombinemia Coumarin derivatives 
Parenchymatous liver 
damage 
Consumption 
coagulopathy 

III Tissue 
Thrombokinase 

IV Calcium 
V Proaccelerin hypoproaccelerinemia Consumption 

(parahemophilia) coagulopathy 
fibrinolysis 
Parenchymatous liver 
damage 

VII Proconvertin Hypoproconvertinemia Vitamin K deficiency 
of the newborn 

Dysproconvertinemia Coumarin derivatives 
Parenchymatous liver 
damage 

VIII Antihemo- Hemophilia A Consumption 
philic von Wille brand- coagulopathy 
Globulin A Jurgens syndrome Fibrinolysis 

Macroglobulinemia 
Inhibitor 

IX Antihemo- Hemophilia B Vitamin K deficiency 
philic von Wille brand- of the newborn 
Globulin B Jurgens syndrome Coumarin derivatives 

Parenchymatous liver 
damage 
Inhibitor 

X Stuart- Stuart -Prower Vitamin K deficiency 
Prower factor deficiency of the newborn 
factor Coumarin derivatives 

Parenchymatous liver 
damage 
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Table 1. (Continued) 

Clotting Name Clotting disorder 
factor 

Congential Acquired 

XI 

XII 

Plasma 
thrombo
plastin 
antecedent 
Hageman 
factor 

PTA deficiency 

Hageman factor 
deficiency 

Parenchymatous liver 
damage 

XIII Fibrin 
stabilizing 
factor (FSF) 

FSF deficiency 

Parenchymatous liver 
damage 
Consumption 
coagulopathy 
Parenchymatous liver 
damage 

von Willebrand von Wille brand-
factor (factor J iirgens 
VIIIvwF) syndrome 

Table 2. Classification of coagulopathies 

A. Disorders of formation 
I Congenital coagulopathies 

a) Hereditary X-chromosomal recessive 
Hemophilia A 
Hemophilia B 

b) Hereditary autosomal recessive 
Deficiency of factors II, V, VII, X, XI, XII, XIII, I 

c) Without definite hereditary factor 
Combined factor deficiency 

d) Hereditary autosomal dominant 
Dysfibrinogenemia 
von Willebrand-Jiirgens syndrome 

II Acquired coagulopathies 
Hypothrombinemia 

Prothrombin complex deficiency of the newborn 
Disturbances in vitamin K absorption and utilization in adults 
Reduction in prothrombin complex through antibiotics 
Anticoagulation therapy with coumarin derivatives 

B. Disorders of metabolism 
I Consumption coagulopathy and secondary fibrinolysis 
II Primary hyperfibrinogenolysis 
III Hemorrhagic diathesis in monoclonal gammopathy 
IV Immune coagulopathies 
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Abnormalities of Synthesis 

Congenital AbnormaHties of Synthesis 

X-chromosomal Recessive Group - Hemopbllia A and B 

Definition and Pathogenesis 
Hemophilia A and B are congenital hemorrhagic diatheses with sex
linked recessive inheritance. It follows that 
1. the hemophilic tendency to bleed appears only in the male sex 
2. the marriage of a hemophiliac with a healthy woman produces 

healthy male offspring; all female offspring are carriers (heterozy
gotic, as a rule without clinical manifestation of a tendency to bleed 
despite a 50% activity of factors VIII or IX) 

3. from the marriage of a carrier with a healthy man, the male off
spring have an equal chance of being healthy or hemophiliac, and 
similarly the female offspring have an equal chance of being healthy 
or carriers 

In rare cases a hemophilic tendency to bleed can also occur in women: 
1. in a carrier with factor VIII activity below 25%, 
2. in the daughter of a hemophiliac and a carrier, 
3. in true hemophilia, which may occur sporadically, 
4. in hemophilia of a phenotypically female individual with male sex 

chromosomes. 

In 30% of cases it is hemophilia A, and in about 9% it is hemophilia B 
which occurs sporadically. 
The following conditions must hold for a woman to be identified as a 
carrier: 
1. she is the daughter of a hemophiliac, 
2. she is the mother of more than one hemophiliac son or more than 

one daughter diagnosed as a carrier, 
3. she is the mother of a hemophiliac son, and in addition has a familiy 

relationship with another hemophiliac, which comes within the 
hereditary pattern of hemophilia. 

Carriers have a factor VIII or IX activity of about 50%. As the activity 
of the factors can fluctuate physiologically, and the determination of 
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the clotting factor by analysis has a certain range of error, additional 
immunological procedures with determination of the relationship of 
factor VIII activity to the concentration must be carried out. Identifi
cation of a carrier is possible in about 89% of cases. 
The factor VIII molecule consists of two components. A smaller 
part with a molecular weight between 100000 and 200000 carries the 
coagulant activity. It can be neutralized by homologous antibodies. 
The larger part of the molecule, with a molecular weight of about 
1000000, possesses no coagulant activity, but is necessary for the 
function of the platelets in the interaction of the thrombocytes with the 
vessel wall. In the von Willebrand-Jiirgens syndrome it is reduced. 
This so-called factor VIII antigen is identical with the functional 
characteristics of the von Willebrand factor and the ristocetin 
aggregating factor. Heterologous antisera not only inactivate factor 
VIII activity, but at the same time precipitate factor VIII antigen. In 85 
to 95% of patients with hemophilia A, the functional factor VIII 
activity and the protein part which reacts with homologous antisera are 
reduced. In the remaining 5 to 15% of patients with hemophilia A 
there is a so-called cross-reacting material (CRM) which neutralizes 
homologous antibodies but has no coagulating activity. It is assumed 
that in this case the smaller component of the factor VIII molecule is 
deformed, and has antigenic properties, but no functional effect. The 
larger, first-mentioned group of patients is referred to as hemophilia 
A - or CRM -, and the last-mentioned as hemophilia A + or CRM +. 
Unlike the von Willebrand-Jiirgens syndrome, in hemophilia A the 
factor VIII antigen, i. e. the higher molecular-weight part, is present in 
normal concentration. 

Clinical Findings and Diagnosis 

In the Federal Republic of Germany there is one hemophiliac to every 
10000 people, that is to say there are 6000 patients known to have this 
hemorrhagic diathesis. In 85% it is hemophilia A and in 15% 
hemophilia B. The figures are approximate, as mild forms of 
hemophilia are not identified in every case. Rather schematically, 
corresponding with the reduction in activity, three degrees of severity 
are distinguished: 
1. the severe form with a factor activity of below 1 % 
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2. the moderately severe form with a factor activity between 1 % and 
5% 

3. the mild form with a factor activity between 5% and 25%. 

50% of the cases of hemophilia diagnosed are of the severe form. 
About 50% of the severe forms of hemophilia are diagnosed at the end 
of the first year of life. Moderate and mild forms are recognized later, 
often as a result of injuries and operations. Subhemophilia with factor 
activity between 25 and 50% plays scarcely any part clinically. Pro
longed bleeding from the stump of the umbilical cord and after cir
cumcision give the first indication in small babies. Hemophilic bleed
ing shows itself clearly in childhood. After slight bruises, and also 
without any noticeable signs of injury, there is prolonged bleeding 
from the skin and soft parts. Whereas in deep wounds the internal 
blood loss may lead to a shock to the circulation, superficial injuries 
often do not cause severe secondary bleeding. In adults there is often 
bleeding from the joints, especially the large joints, and later secon
dary damage. Further bleeding points are the ilio psoas muscle, the 
retroperitoneal cavity, the intestinal wall and the brain. Intracerebral 
bleeding is observed in 10% of cases. Bleeding in the floor of the 
mouth and the area of the larynx and the pharynx are especially 
dangerous. The hemophilic pseudotumor which is observed, particu
larly on the os ileum and the femur, after internal bleeding with 
subsequent pressure necrosis, may be confused with bone tumors. 
Hematuria is common. 
After the hemophilia has manifested itself there is a variable prolonga
tion of the partial thromboplastin time, which does not become 
pathological until the factor VIII activity has fallen below the 
minimum concentration of 15 to 20%. Quick value, thrombin time and 
bleeding time are normal. After the addition of normal serum to the 
patient's plasma a prolonged partial thromboplastin time in 
hemophilia A cannot be corrected, as there is no more factor VIII 
activity in the serum. But correction by normal serum succeeds in the 
case of hemophilia B as the factors of the prothrombin complex are 
present in active form. An exact differentiation and determination of 
the severity of hemophilia is achieved by individual analysis of factors 
VIII or IX. In severe hemophilia A, inhibitors in the form of neutraliz
ing antibodies occur in 5 to 20% of the patients. The inhibiting subst
ance is directed against the coagulating activity. The neutralization of 
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factor VIII activity is time-dependent and reaches a balance after one 
to two hours. In hemophilia B inhibitors are observed only in 1 to 3% 
of patients, and in the subgroup with severe hemophilia B in about 
12%. Inhibitors appear as a rule during the first 100 transfusions. 
Substitution therapy with factor concentrates increasingly loses its 
effect. The inhibitor is without influence on the clinical symptoms of 
the hemorrhagic diathesis with regard to type of bleeding and fre
quency of recurrence. Without substitution, in about % of the patients 
there is a spontaneous drop in the inhibitor of 50% per month. After 
about six months to two years it is no longer demonstrable. After 
further substitution we can expect a rise in the inhibitor after 5 to 6 
days, which reaches its maximum after 1 to 3 weeks. About 30% ofthe 
patients are known as "low responders"; in them the inhibitor, even 
with continuous substitution, does not exceed 5 to 10 Bethesda or New 
Oxford units. The remaining patients are called "high responders"; in 
them the inhibitor titer may exceed several hundred up to over a 
thousand Bethesda or New Oxford units. The diagnosis of hemophilia 
with inhibiting substance is made through the ineffectiveness of sub
stitution therapy, the plasma change test and the quantitative determi
nation of the inhibiting activity. 

Treatment 

For emergency treatment fresh plasma, fresh-frozen plasma and cry
oprecipitates are suitable for hemophilia A and prothrombin complex 
preparations for hemophilia B. Purified factor concentrates are to be 
preferred in any case. In hemophilia A the factor VIII activity in the 
plasma is raised by 1 to 2% by one unit of factor VIII per kg of body 
weight. In hemophilia B one unit of factor IX per kg of body weight 
raises the factor IX level by a maximum of 1 % only. This is due to the 
low in vivo recovery of factor IX, from 20 to 50%, in comparison with 
that of factor VIII, from 50 to 60%. In accordance with the biological 
half-life, Y2 to % of the initial dose in hemophilia A is to be injected 
about every 8 hours, in hemophilia B about every 12 to 24 hours. In the 
case of small hemorrhages without complications, sufficient activity of 
about 20% is obtained with an initial dose of 20 to 25 units of factor 
VIII or factor IX per kg of body weight. The maintenance dose is 10to 
12 units of factor VIII or factor IX per kg of body weight at the 
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intervals in time given above. Control by coagulation analysis follows 
with determination of the activity of factor VIII or IX and/or the 
measurement of the partial thromboplastin time, which should be 
below 60s (normal value 45s). 
Different forms of treatment are practised, depending on the degree of 
organization of the hemophilia center, the distance of the patient's 
home from the doctor's practice or the hospital, the patient's readiness 
to cooperate and the severity of the hemophilia and the frequency of 
bleeding. When treatment is given by the doctor exclusively, it must be 
accepted that there are as a rule greater blood losses, which in some 
circumstances are a risk to patients, prolong treatment, and if there is 
bleeding from the joints, have an unfavorable effect on hemophilic 
arthropathy. In controlled self-treatment (home treatment), at the 
first sign of bleeding the patient himself or his relatives can carry out a 
factor substitution which can stop the bleeding in the initial phase. It is 
presupposed that the patient can recognize the start of bleeding with 
sufficient certainty, and can judge the necessity of treatment. A subse
quent check or a continuation of treatment should be carried out by 
the doctor. In continuous treatment, as a rule factor concentrates are 
injected by the patient himself at regular intervals even when there is 
no bleeding. The amounts to substitute in hemophilia A lie between 36 
and 45 units of factor VIII per kg of body weight per week, divided into 
2 to 3 single injections. In hemophilia B 9 to 18 units of factor IX per kg 
of body weight per week are necessary, given in 1 to 2 injections. 
Occasionally injections are only necessary at intervals of 2 weeks. 
Table 3 gives, for various types of bleeding, the average necessary 
plasma level of the factors, and the average duration of substitution. In 
self-treatment for bleeding from the joints, often only one injection is 
necessary until the bleeding stops. For tooth extraction an additional 
dose of antifibrinolytics (epsilon aminocaproic acid, 6-12 gr per day, 
tranexamic acid 1-2 gr per day) may be useful (Table 4). These drugs 
are given on the assumption that local secondary fibrinolysis is sup
pressed. Fibrin adhesives are an additional possibility. Bleeding into 
the iliopsoas muscle is particularly dangerous, because it cannot be 
watched and there is the possibility of nerve damage; it should always 
be treated in hospital. In bleeding from the floor of the mouth there is 
the danger of choking. For operations it is recommended to give the 
initial dose 4 to 8 hours before surgery, as, because of the outflow into 
the extravasal space, initially a relatively more rapid drop in the factor 
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Table 3. Dosage guidelines for substitution therapy in hemophilia A and B 
and von Willebrand-Jiirgens syndrome (Landbeck, Kurme, 1972) 

Location of bleeding Factor level Duration of 
required treatment 

Bleeding into joints, 10-20% 2 days 
especially knee joint 

Muscle bleeding and extensive or 10-20% 2-3 days 
threatening tissue bleeding 

Bleeding in the iliopsoas muscle 30% 3-5 days 
and calf and under-arm musculature 
(carpal tunnel syndrome) 

Bleeding in the mouth cavity, 30% 5 days 
tooth extraction, minor surgery 

Intracranial, intrathoracic and 30-50% 4-14 days (until 
gastrointestinal bleeding the tissue is 
Fractures healed) 

Major operations over 50% 2-3 weeks (until 
the wound is com-
pletely healed) 

Table 4. Treatment principles for hemophilia and tooth extraction (Deutsch, 
1973, VII) 

Severity of Number of Hospitali- Substi- Dura- Anti-
hemophilia teeth zation tution tion fibrino-
(F. VIII, IX%) extracted (days) lytics 

> 10% 1-(2) no no yes 
3-10% 1-(2) yes no yes 
under 3% 1-2 yes yes 2-3 yes 
3-10% >2 yes yes 2-5 yes 
under 3% >2 yes yes 5-10 yes 

follows, and in some circumstances adequate hemostasis is not carried 
out during the operation. In more extensive interventions the half-life 
is reduced by the increased turnover of coagulation factors, so that, to 
keep the necessary level, further injections may be required as early as 
2 to 6 hours later. 
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In mild forms of hemophilia and minor bleeding or operations, factor 
VIII activity, factor VIII-associated antigen and the von Wille brand 
factor can be raised to 2 or 3 times the norm by Desmopressin 
(DDAVP, Minirin). The initial dose of 0.4 to 0.6 f..lg of Desmopressin 
per kg of body weight is infused in 20 mins. Further infusions follow 
every 8 to 12 hours. In hemophilia with an inhibitor and a low and 
nonincreasing inhibitor titer, adequate hemostasis can be obtained by 
large quantities of human factor VIII. For higher titers of inhibitors, 
rising under treatment, alternative methods of treatment are possible. 
Initially high concentrations of human factor VIII are given, then after 
a few days this is changed to activated prothrombin complex prepara
tions (FEIBA, Autoplex, Konyne). Alternatively factor VIII from the 
pig can be used. As this is a foreign protein with antigenic effect, the 
action ceases after 8 to 10 days. If the initial inhibitor titer is high, the 
use of activated prothrombin complex preparations is first considered. 
Alternatively, after plasmapheresis factor VIII preparations can be 
tried to eliminate the inhibitor. Table 5 gives a summary of the princi
ples of treatment. Prothrombin complex preparations are given in a 
dosage of 50 to 100 units per kg of body weight at intervals of 4 to 6 
hours, depending on the extent of the bleeding and the clinical effect. 
In the case of minor injuries in some circumstances 25 to 50 units per kg 
of body weight are sufficient. Control by coagulation analysis of the 
shortening of the whole blood coagulation time, the r-time in the TEG 
and the activated partial thromboplastin time follows. However, the 
coagulation analysis values correlate badly with the clinical effect. By 
continuous combined doses of factor VIII concentrates and activated 
prothrombin complex (FEIBA) for several months, the inhibitor was 
removed, the factor VIII applied had reached its normal half-life, and 
even after treatment had ceased, the inhibitor was not observed to 
increase again. Inhibitors of factor IX can be treated with large doses 
of factor IX concentrates and prothrombin complex preparations, 
preferably in activated form. We have still insufficent experience. 
Cytostatics (cyclophosphamide, azathioprine, 6-mercaptopurine) 
have been used repeatedly, but not with convincing success, to sup
press the formation of the inhibitor. 
There is a factor VIII preparation and a prothrombin complex prepa
ration available, with which the risk of transmission of hepatitis or 
AIDS (aquired immuno-deticiency syndrome) is said to be removed. 
The hepatitis virus and AIDS virus (HTL V Ill, HIV 1) are said to be 
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Table 5. Principles of treatment for inhibitor hemophilia A. BU = Bethesda 
unit, APCC = activated prothrombin complex concentrate (Lechner, 1982) 

Present Increase in Slight to Severe to 
antibody antibodies moderate dangerous 
titre after receiving bleeding bleeding 

FVIII Operation 

low slight to none Human factor Human factor 
« 10 BU/ml) (low responder) VIII (higher VIII 

« 10 BU/ml) dose) 

low high responder APCC First human factor 
« 20 BU/ml) (maximum VIII (if nec. after 

< 1000 BU/ml) plasmapheresis) 
after increase in 
antibodies, APCC 
or pig AHG 

low high responder APCC (with First human factor 
« 20 BU/ml) (maximum caution because VIII (if nec. after 

> 1000 BU/ml) of possible plasmapheresis) , 
increase in then APCC 
antibodies) 

Moderately high responder APCC Plasmapheresis, 
high then human or pig 
(20-100 AHGor APCC 
BU/ml) (if no increase 

with F VIII con-
centrate) 

high high responder APCC APCC 
(> 100 BU/ml) 

inactivated either by heat treatment (factor VIII preparations, 
Behringwerke, Hyland, Immuno) or by cold sterilization treatment 
with ~ propiolactone and UV irradiation (prothrombin complex prepa
ration, Biotest). 

Autosomal Recessive Group 

Definition and Pathogenesis 
Deficiency in factors II, V, VII, X, XI, XII and XIII, and afib
rinogenemia, are inherited through an autosomal recessive gene 
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(Table 2). These defects are rare. Between 50 and 150 cases of each 
defect are to be found in the literature. In the case of deficiency in 
factors V, VII, XI, XII, XIII and afibrinogenemia, there is a true 
quantitive formation disorder. In the case of deficiency in factor II and 
factor X, besides absolute deficiency, in some cases a malformed 
protein with reduced activity, yet immunologically demonstrable, is 
found. Factors X, V and II lie in the common end-section of the 
extrinsic and intrinsic paths of coagulation. Complete lack of these 
factors could be accompanied by a propensity to bleed which is not 
compatible with life, and is in fact a lethal factor. This becomes 
probable because in all cases of deficiency a factor activity of at least 
1 % was demonstrable. In factor VII deficiency partial compensation 
of the hemostasis mechanism is possible with activation of the pro
thrombin through the intrinsic system. Conversely, in factor XI defi
ciency compensation may occur through the intact extrinsic system. In 
factor XII deficiency there in no clinically evident propensity to bleed. 
Both sexes are affected by hemostasis disorders of the autosomal 
recessive group. They appear only in homozygotes. Heterozygotes 
have a reduction, varying in extent, in the activity of the corresponding 
factor. 

Clinical Approach, Diagnosis and Therapy 

Factor II Deficiency (Hypoprothrombinemia). Up to the present, 
patients from 26 families have been described. The first manifestation 
is often bleeding from the cord in newborn babies. Bleeding from the 
mucous membranes (epistaxis, gastrointestinal bleeding, hematuria) 
is observed. Bleeding of the hemophilic type occurs, with hemorrhage 
in the musculature and joints. Cerebral bleeding occurs. Menorrhagia 
is observed in women. There seems to be no clear relationship 
between the extent of hypoprothrombinemia in the plasma and the 
degree of tendency to bleed. The most severe cases had a prothrombin 
concentration of 1 % in the plasma. In people who were assumed to be 
heterozygotes, the prothrombin activity was between 49 and 75%. 
Heterozygotes show no pathological changes in the global coagulation 
tests. Only the factor activity is reduced. Homozygotes, with their 
corresponding distinctly lower prothrombin activity, show varying 
degreees of prolongation of the partial thromboplastin time, and 
lowering of the Quick value. The thrombin time is normal. The bleed
ing time is not, or not substantially, prolonged. Prothrombin complex 
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preparations are used for substitution therapy. The initial dose is 20 to 
25 units per kg of body weight. Alternatively fresh blood, fresh plasma 
and fresh frozen plasma may be considered. The therapeutic effect of 
substitution apparently lasts longer than one would expect from the 
survival time of factor II in the plasma. The defect in hemostasis can be 
compensated by daily doses of about 500 units or 250 to 500 ml of fresh 
plasma. The hemostatically adequate concentration is probably at 
40% prothrombin activity. Doses of vitamin K are ineffective. 

Dysprothrombinemia. Besides the 24 cases of hypoprothrombinemia 
described up to 1978, in which a prothrombin deficiency can be 
demonstrated by either immunological or functional methods, up to 
now 9 cases or families have been described in which dysprothrom
binemia was diagnosed. Whereas immunological methods in these 
cases showed normal or almost normal amounts of prothrombin, with 
1 or 2 stage coagulation analysis tests using various snake venoms 
reduced values were found in varying degrees. There is as yet no 
biochemical characterization of the defect. There is a hemorrhagic 
diathesis with bleeding of the skin and mucous membranes, menor
rhagia and postoperative bleeding. Muscle bleeding has been 
described. Hemarthrosis seems not to occur. Heterozygotic individu
als are symptom free or have only a mild tendency to bleed. 

Factor V Deficiency (Hypoproaccelerinemia, Parahemophilia). Fac
tor V deficiency happens about once in 1 million births. In homozy
gotes factor V is not below 2%. Heterozygotes have a factor V defi
ciency of between 45 and 65%. If the activity is above 5 to 10%, 
adequate hemostasis appears to be ensured. Factor V deficiency does 
not correlate in every case with the severity of the propensity to bleed. 
Factor V deficiency appears not to protect from thrombotic complica
tions. Bleeding from the mucous membranes (epistaxis, gingival 
bleeding) and from the skin are observed. Cerebral bleeding and 
hematuria are rare. Menorrhagia is observed. Depending on the factor 
V deficiency, a prolonged partial thromboplastin time and lowered 
Quick value may be found. Thrombin time and bleeding time are 
normal. Determination of factor V indicates the degree of the defect. 
Compensation of the hemostasis can be obtained with at least 500 rnl of 
fresh plasma or fresh-frozen plasma, or 1000 ml of fresh blood. Further 
substitution should follow at 12-hour intervals. For surgical operations 
and major bleeding, a factor activity of 30% should be aimed at. 
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Factor VII Deficiency (Hypoproconvertinemia). Factor VII defi
ciency occurs about once in 400000-500000 births. Bleeding is 
observed soon after birth from the umbilical cord and the intestines. In 
childhood and youth there is posttraumatic bleeding, epistaxis, 
bleeding into the joints, and menorrhagia in women. Although 
this is a defect in the extrinsic system, the type of bleeding is often 
similar to that of hemophilia A or B. Heterozygotes bleed rarely or 
not at all. There is a lowered Quick value. Partial thromboplastin time, 
thrombin time and bleeding time are normal. Factor VII activity is 
lowered according to the degree of severity. Thromboembolic compli
cations can occur in factor VII deficiency. For treatment prothrombin 
complex preparations are used. Alternatively fresh blood and fresh 
plasma can be considered. The half-life offactor VII, at 5 hours, is very 
short. The therapeutic effect of a plasma transfusion lasts longer than 
one would expect from the lifetime of factor VII. To ensure prophy
laxis a factor activity of 10 to 15% of the norm is necessary. Periopera
tively, activity of at least 20 to 30% of the norm should be aimed at. 
Post-operative substitution should last at least 7 to 10 days. Daily doses 
of 500 to 1000 units of prothrombin complex preparation or 500 ml of 
fresh plasma are sufficient. 

Factor X Deficiency (Stuart-Prower Factor Deficiency). The homo
zygous form of factor X deficiency occurs about once in 400000 to 
500000 births; the heterozygous form appears about once in 500 
persons. In homozygotes factor X activity of 1 % is found. Heterozy
gotes, who are phenotypically healthy, have a reduction offactor X to 
20 to 25% of the norm. Due to its situation in the course of coagula
tion, both the extrinsic and intrinsic systems are affected by factor X 
deficiency. The tendency to bleed may appear soon after birth, but is 
manifested more often in later periods of life. There is bleeding from 
the mucous membranes and also hemorrhages similar to hemophilia. 
Epistaxis, gastrointestinal bleeding, hematuria, skin and deep muscle 
hematomas, bleeding into the joints and bleeding after injuries occur. 
With factor X activity below 10%, a hemorrhagic diathesis is to be 
expected. 
The partial thromboplastin time is prolonged, the Quick value is 
lowered. The thrombin time and bleeding time are normal. The indi
vidual determination of factor X gives information on the exact degree 
of severity of the deficiency. 

72 



PPSP preparations and factor X concentrates are the best drugs to 
choose. As factor X is stable in storage and is also present in serum, 
older whole blood, plasma and serum can be used besides fresh plasma 
to relieve bleeding. To compensate for the defect, the activity in the 
plasma should be 20 to 30% of the norm. Here too the therapeutic 
effect lasts longer than would be expected from the lifetime of factor 
X. A daily dose of 500 units of PPSP or 500 ml of plasma appears to be 
sufficient. 

Factor XI Deficiency (Plasma Thromboplastin Antecedent (PTA) 
Deficiency). A definite coagulation disorder appears in homozygotes 
with factor XI values below 20%. About 200 case histories exist. 
Heterozygotes have plasma activity between 30 and 65%. The hemor
rhagic diathesis is generally mild. Spontaneous bleeding is rare. Later 
bleeding, with a certain delay, has been observed after operations. 
Hypermenorrhoea is rare. There is no certain correlation between 
factor XI deficiency and hemorrhagic diathesis. Even with low concen
trations of factor XI the tendency to bleed may be slight, but post
operative bleeding has been described even with activity up to 50%. 
The partial thromboplastin time is prolonged, and the Quick value, 
thrombin time and bleeding time are normal. 
For treatment fresh blood, fresh plasma and fresh-frozen plasma are 
used. As factor XI is stable in storage, older plasma can also be used. 
To maintain a hemostatically adequate factor concentration, a daily 
dose of 300 to 500 ml of plasma is sufficient. 

Factor XII Deficiency (Hageman Factor Deficiency). Factor XII plays 
a central part in the system of coagulation, fibrinolysis, kallikrein, 
kinin and complement. In a deficiency which has been described in 
over 100 cases, there has been no hemorrhagic diathesis. Thromboem
bolisms may occur. Hageman, after whom the defect is named, died of 
a pulmonary embolism. Diminished factor activities of 3 to 5% and 
even less then 0.2% have been described. 
The partial thromboplastin time is prolonged. Quick value, thrombin 
time and bleeding time are normal. Treatment is not required. Activa
tion of the intrinsic system appears to follow to a sufficient extent from 
factor XI. 

Fletcher Factor, Fitzgerald Factor and Passovoy Factor Deficiency. 
Up to the present only isolated cases of these factor deficiencies have 
been described. 
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Fletcher factor is identical to prekallikrein. The heredity is autosomal 
recessive. There is no propensity to bleed. The partial thromboplastin 
time is prolonged. Quick value, thrombin time and bleeding time are 
normal. The pre kallikrein level is lowered by functional as well as by 
immunological methods. 
Fitzgerald factor is identical to high molecular weight kininogen 
(HMW kininogen). Here also there is no tendency to bleed. The 
heredity is autosomal recessive. The partial thromboplastin time is 
prolonged. Quick value, thrombin time and bleeding time are normal. 
Williams factor deficiency and Flaujeac factor deficiency are identical 
to Fitzgerald factor deficiency. Families with the same coagulation 
defect were described independently of each other. 
Passovoy factor deficiency, unlike the factor deficiencies previously 
described, is inherited through an autosomal dominant gene. There is 
a propensity to bleed. After operations there may be serious bleeding. 
Fresh plasma transfusions are necessary before and after operations. 
The partial thromboplastin time is prolonged. Quick value, thrombin 
time and bleeding time are normal. The defect may be connected with 
factor XI deficiency. 

Factor XIII Deficiency (Fibrin Stabilizing Factor Deficiency). Factor 
XIII deficiency is rare; there are reports of about 70 cases. Factor XIII 
is reduced in both the plasma and the thrombocytes. Factor XIII in the 
plasma consists of two a-chains and two b-chains; in the thrombocytes 
only the a-chains are present. The a-chains are functionally active 
under the influence of thrombin, and cause the covalent cross-linking 
of the fibrin molecules. In homozygotes factor XIII is reduced to 1 % 
and below. In heterozygotes activity is between 40 and 45%. In the 
newborn there is almost regularly prolonged bleeding from the stump 
of the umbilical cord. The propensity to bleed is characterized by 
ecchymosis, hematomas, and prolonged bleeding after injuries. 
Intercranial bleeding is comparatively frequent. After operations 
bleeding often does not begin until 2 to 3 days afterwards. Often, 
however, it begins immediately. Healing of the wound is delayed by 
the formation of keloids. 

Blood clots are soluble in 5 M urea and 2% monochloracetic acid. 
Individual determination of factor XIII gives the exact extent of the 
defect. Partial thromboplastin time, Quick value, thrombin time and 
bleeding time are normal. For substitution therapy only small amounts 
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of factor XIII concentrate or plasma are needed, as the half-life of 
factor XIII is relatively long, and the hemostatic minimum concentra
tion of 5 to 10% is sufficient. The hemostatic effect after substitution 
lasts longer than would be expected from the lifetime of factor XIII. 
500 units of factor XIII or 500 ml of fresh plasma at intervals of a few 
days up to 2 to 4 weeks are sufficient. 

Afibrinogenemia. About 150 cases have been described in world 
literature. Homozygotes show a hemorrhagic diathesis. Fibrinogen is 
undetectable or demonstrable with sensitive immunological methods 
at 5 mg/l00 ml. Heterozygotes have hypofibrinogenemia of various 
degrees. Tendency to bleed does not as a rule occur. 50 to 80 mg of 
fibrinogen to 100 ml of plasma are sufficient for an adequate hemos
tasis. The thrombocytes show a functional defect including reduced 
aggregation with ADP, collagen, adrenalin and thrombin. This can be 
corrected by the addition of fibrinogen. The expectation of life of 
homozygous patients is not high. The hemorrhagic diathesis is recog
nized in the first days of life through bleeding from the stump of the 
unbilical cord, hematomas, hematemesis and melena. It resembles 
hemophilia and lasts all through life. Epistaxis, hematuria, gastroin
testinal bleeding and, relatively often, cerebral bleeding occur. 
Menorrhagia is observed. 
The blood is uncoagulable. All functional coagulation tests aimed at 
finding the point in time when a clot is formed from the patient's own 
fibrinogen show a pathological result. Partial thromboplastin time and 
thrombin time are infinitely prolonged, and the Quick value is O. The 
Thrombotest, Normotest and Hepatoquick have a normal result due 
to the addition of fibrinogen to the test system. The bleeding time is 
prolonged moderately to not at all. 

As we have said, with either functional or immunological methods 
little or no fibrinogen can be demonstrated. This is important in 
reaching a differential diagnosis from dysfibrinogenemia. Here, apart 
from cases with hypodysfibrinogenemia, there is a normal fibrinogen 
level with immunological methods and a low fibrinogen level with 
functional methods. In hypofibrinogenemia there is a reduction ofthe 
fibrinogen concentration to about 50 mg%, otherwise results of tests 
are largely normal. Before surgical operations and where there is 
bleeding, a minimum fibrinogen level of 50 to 100 mg% is to be aimed 
at. Substitution is to be carried out with fibrinogen preparations, Cohn 
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fraction I, cryoprecipitates or plasma. Because of the long half-life of 
fibrinogen, a repetition ofthe substitution with long intervals of time is 
sufficient. The therapeutic effect of a single dose has been observed for 
several weeks. If the fibrinogen level is raised too sharply, thrombosis 
is possible. 

Combined Factor Deficiency. Individual cases have been described in 
which there was a combined deficiency in factor V, factor VIII and the 
factors of the prothrombin complex, as well as combined deficiencies 
in factors VII and VIII, VIII and IX, VIII and XI, and also in factors 
VIII and IX together with a platelet defect. The so-called Dynia defect 
comprises an abnormality of the endogenous coagulation system, 
based on impaired interaction between factor IX a and factor VIII with 
limited activity of factor X. The pattern of heredity is not clear. 

Autosomal Dominant Group 

Dysfibrinogenemia. About 88 patients and their families with dysfib
rinogenemia have been described in world literature. The fibrinogen 
molecule is malformed. In heterozygotes there is a mixture of normal 
and defective fibrinogen, while homozygotes have only defective fib
rinogen. Since the amino acid sequence of fibrinogen has now been 
completely analyzed, the altered amino acid synthesis of dysfibrino
gens has now been explained in a large number of cases. As far as we 
know up to the present, only single amino acids at the end of single 
fibrinogen chains are responsible for the sometimes marked functional 
changes in dysfibrinogens. In the fibrinogen "Detroit", for example, 
the amino acid serine is exchanged for arginine in position 19 counted 
from the N-terminal end of the alpha chain (Fig. 1/1). Fibrinogen 
"Paris I" has a lengthened gamma chain at the C-terminal end with an 
increase of 2500 in the molecular weight. The dysfibrinogen is 
restricted in its function. The formation of a clot is thus delayed. 
Corresponding to the phases of the fibrinogen-fibrin-conversion there 
is in some cases a delay in the fibrinopeptide split-off, and more 
frequently a delay in the aggregation of the fibrin monomers to poly
mers. In rare cases there is a defect of cross-linking through factor 
XIII. A combination of defects can occur in one patient. 
A hemorrhagic diathesis is observed in only about 50% of patients. 
The tendency to bleed does not appear until adolescence, and is often 
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only moderately pronounced. Increased bleeding after injuries and 
operations and a tendency towards dehiscence of wounds are 
observed. Thromboembolic complications occur despite delayed 
blood clotting even without substitution. The diagnosis is most often 
made by chance at a routine coagulation analysis. 
Corresponding to the extent of the functional disturbance of the 
fibrinogen molecule there is a prolongation of the partial thromboplas
tin time, the thrombin time, and the reptilase time, and a lowering of 
the Quick value. Determination of fibrinogen by functional methods 
(measuring of coagulation time, determination of coagulable protein, 
nephelometry) give low values in comparison with immunological 
determination methods, which give high or normal values. Hypodys
fibrinogenemia has been described. 
Substitution treatment with fibrinogen, Cohn fraction I, or cryo
precipitate is in most cases not required. In patients with a hemor
rhagic diathesis, posttraumatic and perioperative substitution with 
relatively small quantities of fibrinogen is necessary. 1 to 2 gr of 
fibrinogen is sufficient for compensation of hemostasis. 

Von Willebrand-liirgens Syndrome 

Definition and Pathogenesis 

The von Willebrand-Jiirgens syndrome is a hemorrhagic diathesis 
inherited through an autosomal dominant gene. Cases of von Willeb
rand-Jiirgens syndrome with an autosomal recessive heredity have 
been described. Seven patients have been reported in whom the von 
Willebrand-Jiirgens syndrome has been acquired in the course of life. 
Most of these patients had disorders of the immune system at the same 
time. The von Willebrand-Jiirgens syndrome is relatively common. 
There are no exact figures; it is considered that there is one such 
patient to 2 or 3 hemophiliacs. The disease is characterized by pro
longed bleeding time, normal thrombocyte count and a deficiency of 
factor VIII. The latter is qualitatively different from the factor VIII 
deficiency in hemophilia A. The majority are deficient in factor VIII; 
factor IX deficiency is rare. The factor VIII molecule consists of two 
components, the low molecular weight component (molecular weight 
100000 to 200(00) carrying the coagulative activity, and the high 
molecular weight component (molecular weight 1000000 and above) 
representing the so-called factor VIII antigen, the von Willebrand 
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factor and the ristocetin cofactor. The last three functions are attri
buted to the same molecule. The von Willebrand factor ensures that 
!he thrombocytes adhere to the subendothelium, and is necessary for 
primary hemostasis. Patients with the von Willebrand-Jiirgens syn
drome show both a reduction of factor VIII activity and, to about the 
same extent, a decrease in factor VIII antigen which can be precip
tated with heterologous antibodies. Homozygotes have a reduction to 
15 to 50% ofthe norm (normal range 60% to 100%). This results in the 
combination of plasmatic and thrombocytic coagulation defects. The 
thrombocytes are normal in themselves, but restricted in their function 
by lack of the necessary plasmatic cofactor. 

Clinical Findings and Diagnosis 

Hemorrhagic diathesis manifests itself in early childhood and 
decreases in intensity in the course of life. Bleeding from skin and 
mucous membranes, epistaxis, gastrointestinal bleeding and menor
rhagia are observed, as well as bleeding after tooth extraction and 
operations. Petechiae are rather rare. Post partum bleeding and 
hemarthrosis are not regularly observed. 
The partial thromboplastin time is prolonged. Quick value, thrombin 
time and platelet count are normal. Bleeding time is prolonged. In 
mild forms of the von Willebrand-Jiirgens syndrome, and under treat
ment, normal bleeding times have been observed with Duke's 
method, whereas the bleeding time according to Ivy and according to 
Mielke is prolonged. In borderline bleeding times the aspirin tolerance 
test may be of help. About 2 hours after 0.6 gr of acetyl salicylic acid 
( aspirin) has been given orally, a distinct prolongation of the bleeding 
time, exceeding the normal extent, is observed. The ristocetin
induced thrombocyte aggregation is inhibited. The aggregation to 
collagen, ADP, and adrenalin is normal (Fig. INI). This enables it to 
be differentiated from drug-induced and other disturbances of 
thrombocyte function, in which the aggregation to ristocetin is normal, 
but to other stimulants is restricted. The aggregation to ristocetin is 
normalized by the addition of normal plasma or cryoprecipitate. This 
is not the case in the Bernard-Soulier syndrome, in which the defect is 
thrombocyte-related, but otherwise shows an aggregation pattern 
similar to that of the von Willebrand-Jiirgens syndrome. The procoa
gulative activity of factor VIII, and also the immunologically demon-
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strable factor VIII antigen, are lowered. This can be used to arrive at a 
differential diagnosis from hemophilia A, in which the factor VIII
associated antigen lies within normal limits. The platelet adhesion is 
reduced. There are variants of the von Willebrand syndrome which 
deviate from the typical picture in one or more characteristic features. 
Thus there are forms in which the factor VIII-associated antigen is 
normal, but which nevertheless have a prolonged bleeding time and a 
limited ristocetin-induced platelet aggregation, and others in which 
the factor VIII activity is normal, and the factor VIII-associated anti
gen and von Willebrand activity are reduced; and there are patients in 
whom only the von Willebrand activity or ristocetin cofactor activity is 
reduced. 

Treatment 

The defect in the von Willebrand-Jiirgens syndrome is localized in the 
larger component of the factor VIII molecule. All blood fractions 
containing this component are therapeutically useful. We can consider 
fresh-frozen plasma, cryoprecipitate, Cohn's fraction 1-0 and to a 
certain extent also factor VIII concentrates. Highly purified factor 
VIII is ineffective. Hemophilia A plasma can also in principle be used. 
The associated antigen of the factor VIII molecule is capable of 
producing an increase in the procoagulative activity of factor VIII. 
After substitution, unlike hemophilia A, factor VIII activity in severe 
cases rises considerably within 4 to 8 hours, and in less serious cases 
within 12 to 18 hours. The rise in the procoagulant activity of factor 
VIII is higher than would be expected from the quantity of factor VIII 
given. Equally, the compensating effect on the propensity to bleed and 
the parameters of coagulation analysis is longer than might be assumed 
from the lifetime of factor VIII. In the case of a hemorrhage or an 
imminent operation, it is recommended to give initially 5 ml per kg 
body weight of fresh plasma, and 5 ml per kg of body weight every 24 to 
48 hours. Corresponding quantities of the other plasma fractions are to 
be used. The hemorrhagic diathesis decreases and all parameters of 
coagulation analysis become normal. Ivy's bleeding time is still partly 
pathological when Duke's bleeding time is already normal. Highly 
purified factor VIII preparations normalize factor VIII activity, but 
not the thrombocyte defect. DDAVP (Minirin) also corrects the 
hemostatic defect, raising factor VIII activity and factor VIII antigen. 
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Acquired AbnormaHties of Synthesis 

Prothrombin Complex Deficiency in the Newborn 

Definition and Pathogenesis 

The reduction of the factors of the prothrombin complex II, VII, IX 
and X, is predominantly the result of a vitamin K deficiency. It is 
caused by 
1. absence of vitamin K reserves 
2. inadequate vitamin K intake 
3. absence of vitamin K synthesis because the intestinal flora is still 

lacking 
4. increased need of vitamin K 
5. inadequate synthesis by the immature liver cells. 

Clinical Findings and Diagnosis 

In the first days after birth the factors of the prothrombin complex are 
usually low, lying between 30 and 50% of the norm. A hemorrhagic 
diathesis due to a prothrombin complex deficiency occurs in aboutO.l 
to 1 % of newborn babies. The propensity to bleed shows within 2 to 5 
days after birth, during which there is a further loss of the activity of 
the factors. In the following days and weeks the coagulation defect 
normalizes. In premature babies the coagulation defect is more 
marked. The hemorrhagic diathesis appears in bleeding from the navel 
and from the mucous membranes, hematomas and gastrointestinal 
bleeding. 
The diagnosis is reached through the lowered Quick value. The partial 
thromboplastin time and thrombin time are often prolonged, caused 
by restriction of the function of the newborn child's fibrinogen, with a 
polymerization disorder which, clinically and in coagulation analysis, 
resembles dysfibrinogenemia. As synthesis in the liver increases, the 
fetal fibrinogen occurring physiologically is replaced by fibrinogen 
which is fully functional. A differential diagnosis should distinguish all 
congenital hemorrhagic diatheses. 

Treatment 

In mild to moderately severe cases 1 to 2 mg of vitamin K given 
parenterally, is enough to raise the Quick value considerably within 
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the following 8 to 24 hours. Normalization does not occur because of 
the liver's limited synthetic capacity. Repeated doses of vitamin K at 
intervals of 1 to 2 days are as a rule necessary. In severe cases in which 
immediate hemostatic compensation is needed, prothrombin complex 
preparations or fresh plasma and even plasma which has been stored 
for a short time can be used. 

Disturbances in Absorption and Utilization of vitamin K in Adults 

Definition, Pathogenesis, Clinical Findings and Diagnosis 
The vitamin K deficiency syndrome with reduction in the factors of the 
prothrombin complex has the following causes: 
1. Failure to absorb vitamin K with the food. This occurs only with 

long-term parenteral feeding, and through the destruction of the 
intestinal flora which synthesizes vitamin K, owing to long-term 
treatment with antibiotics. 

2. Reduced vitamin K absorption due to absence of the flow of bile in 
the intestine, and in cases of the malabsorption syndrome. In cases 
of blockage of the bile duct with liver function intact, the Quick 
value falls to about 40%. Malabsorption syndromes are caused by 
sprue, pancreatic insufficiency, gastrointestinal fistulas and 
enterocolitis. 

3. Disturbances in the utilization of vitamin K due to liver cell damage 
such as hepatitis, cirrhosis of the liver, hemochromatosis, Wilson's 
disease and acute toxic liver damage in amanita poisoning and 
carbon tetrachloride poisoning. The hemostatic defect is complex 
and is dealt with in detail elsewhere. A hemorrhagic diathesis 
occurs if the Quick value is around and below 15%. The type of 
bleeding is that described in cases of deficiency of the individual 
factors of the prothrombin complex. In liver cell damage the prop
ensity to bleed and the type of bleeding are modified by a faculta
tive increase in the turnover of coagulation and fibrinolysis as well 
as thrombopenia. 

The Quick value is lowered, and partial thromboplastin time, throm
bin time and bleeding time are normal. In hemorrhagic diatheses 
caused by liver cell damage the coagulation analysis is altered accord
ing to the additional defects. 
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Treatment 

Parenteral administration of 1 mg of a water-soluble vitamin K prepa
ration makes the Quick value rise by 15 to 30% within a day. 10 mg to 
20 mg of vitamin K given parenterally shows an effect after 4 to 6 hours 
and normalizes the Quick value in 8 to 24 hours. In the case of liver cell 
damage vitamin K has little or no effect, but it should be tried in every 
case. 

Reduction in Prothrombin Complex through Antibiotics 

Hypothrombinemias with a fall in the Quick value may occur during 
therapy with beta-Iactam antibiotics which have an N-methylthiotet
razole (NMTI) side chain in the molecule (e.g. latamoxef, cefaman
dol, cefoperazone, cefmenoxime). The NMTI which is split in the 
body inhibits the epoxide reductase of the vitamin K-cycle. The rege
neration of vitamin K is reduced and interrupted. The mechanism of 
action corresponds to that of the coumarins (Fig. 1). The carboxyla
tion of the glutamic acids of the prothrombin complex precursors is 
restricted. The acarboxy precursors can be demonstrated in the 
plasma (PIVKA). They cannot be activated. 
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Fig. 1. Action mechanism of the inhibition of the coagulation factors of the 
prothrombin complex by coumarin and indandione through the interruption of 
the vitamin K regeneration cycle (Weber et ai. 1981, XIII) 
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A fall in the Quick value preferentially occurs under the following 
conditions: in patients of advanced age, in malnutrition, in prolonged 
parenteral nutrition without vitamin K substitution, in sepsis, after 
trauma and surgery, in advanced liver disease and cholestasis, renal 
insufficiency and during therapeutic anticoagulation with coumarin 
derivatives. In the situations mentioned a latent vitamin K deficiency, 
a disorder of vitamin K utilization and/or delayed renal elimination of 
the antibiotic is to be assumed or is present. In these cases without 
vitamin K substitution, hypothrombinemias occur in 30% to 65% of 
the patients under beta-Iactam antibiotics with an NMTI side chain, 
especially with a high dose of antibiotic. Even with the use of beta
lactam antibiotics without an NMTI side chain, hypoprothrom
binemias have been observed in up to 20% of cases for reasons which 
are not absolutely clear. The critical fall in the Quick value develops 
about 3-8 days after the start of the antibiotic therapy. 5 to 10 mg of 
vitamin KI given intravenously brings the Quick value back into the 
normal range within 12 to 36 hours. The prophylactic administration of 
ca. 10 mg vitamin KI/week prevents the coagulation disorder. The 
daily vitamin KI requirement of healthy subjects is assumed to be 75 to 
150 Ilglday. The normal plasma concentration of vitamin KIlies at 1 to 
2nglml. 

Anticoagulant Treatment with Coumarin Derivatives 

Definition and Genesis 

Coumarin derivatives (Marcumar, Sintrom, Tromexan, Coumadin) 
are vitamin K antagonists. They inhibit the post ribosomal completion 
of the prothrombin complex molecule (Fig. 1; cf. Fig. 3, I). The 
amounts of the factors synthesized in the absence of vitamin K are 
indicated by PIVKA II, VII, IX and X (protein induced by vitamin K 
absence) and, measured by immunological methods, exist in normal 
concentrations. Owing to the absence of the molecular components 
necessary for calcium binding and thus for the activity of the prothrom
bin complex factors, functional tests measure low activity, which is 
responsible for the hemostatic defect. After taking coumarin deriva
tives, after a latency period of 6 hours there is a continuous drop in the 
factors, which is complete on the 2nd to the 3rd day after the dose. The 
therapeutic area varies according to the test system used (Quick value 
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15-25%, Thrombotest 5 to 15%, Hepato-Quick 10 to 20%}. Over
dose gives rise to hemorrhagic diathesis which is described elsewhere, 
and which is accompanied by bleeding from the skin, mucous mem
branes and soft tissues, and by hematuria, epistaxis, bleeding from the 
gums and gastrointestinal bleeding. Rarely, there is intramural intesti
nal bleeding, bleeding in the ovary and retroperitoneal hematoma. In 
isolated cases there is resistance to coumarin. Many drugs influence 
the action of coumarin. The possibilities of interaction are described 
elsewhere. For overdose it is sufficient to give 1 to 5 mg of vitamin K 
(Konakion) orally in a single dose. For severe hemorrhages immediate 
substitution with prothrombin complex preparations may be neses
sary. A dose of 10 to 20 mg of vitamin K causes the Quick value to rise 
within 8 to 12 hours in an area in which adequate hemostasis has been 
ensured. The duration of the effect of coumarin derivatives, demonstr
able by means of the thromboplastin time, is about 10 to 14 days after 
discontinuation of the drug with phenprocoumon (Marcumar), and 
4 to 8 days with acenocoumarol (Sintrom). The hemostatic defect is 
removed at an earlier point, before reaching the normal thrombo
plastin time. 

Turnover Disorders 

Consumption Coagulopatby, Disseminated Intravascular 
Coagulation and Fibrinolysis 

Definition and Pathogenesis 

The terms "consumption coagulopathy" (Lasch, 1961, 1967), "dis
seminated intravascular coagulation" (McKay, 1966) and "throm
bohemorrhagic syndrome" (Selye, 1966) are used to describe 
phenomena which are observed in the course of a generalized, more 
rarely localized and progressive activation of the coagulation system 
which occurs in the circulation (Fig. 2). 
The term "consumption coagulopathy" puts the emphasis on the 
increasing turnover of plasmatic coagulation factors and of the 
thrombocytes, which, after a phase of hypercoagulability of the blood 
with the hemostasis potential increasingly being used up, develops into 
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Fig. 2. The dynamic balance of hemostasis, and ways in which it can be 
influenced by exogenous and endogenous factors 

a hypocoagulability resulting in hemorrhagic diathesis. A secondary 
activation of the fibrinolysis, which may sometimes occur, leads to the 
further consumption of coagulation factors and potentiates the hemor
rhagic diathesis. The term "disseminated intravascular coagulation" 
(DIC) places the emphasis on the morphological substrate, the micro
thrombi in the peripheral vessels of numerous organs. The "throm
bohemorrhagic-syndrome" describes the coexistence of thrombosis 
and hemorrhage. The syndromes are acquired hemorrhagic diatheses. 
The coagulopathies caused by the disorders of turnover are not inde
pendent diseases but instead occur as the secondary phenomena of 
primary diseases. Consumption coagulopathies and hyperfibrinolyses 
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frequently occur together, but with a varying intensity depending on 
the nature and course of the primary disease. This has an influence on 
the prognosis and treatment. The following combinations seem pos
sible: 
1. consumption coagulopathy alone through activation of the coagu

lation system 
2. consumption coagulopathy with slight secondary fibrinolysis 
3. consumption coagulopathy with predominant secondary fib-

rinolysis 
4. primary fibrinogenolysis alone 
5. defibrination syndrome induced through 1-4. 

Consumption coagulopathy as a consequence of the intravascular 
coagulation process is characterized by exhaustion of the hemostasis 
potential with a tendency to bleeding and the simultaneous deposition 
of fibrin thrombi in the micro- and macrocirculation. This leads locally 
to the development of microcirculatory disorders and systemically to 
circulatory shock. The hyperfibrinolysis is a consequence of an exces
sive production of plasmin with the degradation of fibrin, fibrinogen, 
and of Factors II, V and VIII and the appearance of fibrinogen-fibrin 
split products which inhibit fibrin polymerization and promote a 
hemorrhagic diathesis (Table 6). 

Table 6. Consequences of consumption coagulopathy 

1. Hemorrhagic diathesis 
Hemostasis potential used up through reduction in the thrombocytic and 
plasmatic components of the coagulation system. 
Intravascular coagulation with or without fibrin depositions. 
Compensatory increase in fibrinolysis with the development of a combined 
hemostasis defect 
Defibrination syndrome 

2. Local microcirculation disorder, possibly with necrosis and 
organ manifestations 
Bilateral renal cortex necrosis - acute renal failure 
Hypophyseal necrosis - Sheehan syndrome 
Adrenal cortex necrosis - Waterhouse-Friderichsen syndrome 
Hepatic necrosis - acute hepatic dystrophy 
Microembolisation of the pulmonary circulation - acute cor pulmonale 

3. Generalized microcirculation disorder 
Irreversible shock 
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Table 7. Mechanisms precipitating intravasal coagulation and diseases which 
are frequently associated with a consumption coagulopathy 

Mechanism 

Endotoxin 

Reduced clearance (circulation disor
der) and disordered degradation 
(RES-damage) of coagulation factors 

(Tissue-)thromboplastin and 
thromboplastin-like substances; 
colloidal substances 

Proteolytic enzymes 

Foreign surfaces 
Antigen/antibody complexes 

Syndromes 

Sepsis with gram-negative bacteria 
Hepatic insufficiency (systemic load
ing with intestinal endotoxin) 
Shock, Kasabach-Meritt syndrome, 
giant hemangioma, 
Aortic aneurysm 
Liver damage 
Portal hypertension 
Tumors 
Leukemia 
Hepatic cell necrosis (e. g. bulbous 
agaric fungus) 
Multiple trauma 
Virus infections (endothelial destruc-
tion) . 
Septic abortion, retained abortion 
Amniotic fluid embolism 
Hemolysis (hemolY.1ic-uremic 
syndrome, thrombotic-thrombocyto
penic purpura) 
Increase in blood lipids 
Leukemia 
Snake poisoning 
Extracorporeal circulation 
Faulty transfusions 
Graft rejection 

This syndrome occurs in many diseases. The pathogenesis is poly
morphous. There is no uniform etiology (Table 7). The increased 
turnover can take an acute or chronic course with manifest and latent 
hemorrhagic diathesis. The groups of diseases in which increased 
turnover has been observed are listed in Table 8. 
Disseminated intravascular coagulopathy is caused by sepsis and sep
tic shock in about 40%-60% of cases, by trauma or surgery in 
15%-20% of cases, by tumors in 10%-20% of cases, by liver disorders 
in approximately 10% and by other diseases in up to 20% of cases. 
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Bleeding occurs to varying degrees in 75%-88% of patients; cutane
ous bleeding occurs in about 65% and gastrointestinal bleeding in 
approximately 50% of these cases. In 40%-90% of patients who die of 
disseminated intravascular coagulopathy, autopsy findings include 
microthrombosis in one or more organs, affecting the lungs in 
50%-100%, the kidneys in 50%-70% and the skin in about 70% of 
cases. 

Table 8. Syndromes predisposing to the occurrence of acute and chronic forms 
of an increased turnover of coagulation factors 

A. Acute disorders of turnover 
1. Obstetric complications: 

Abruptio placentae, amniotic fluid embolism, retained abortion 
2. Septicemias, gram-negative bacteria 

Purpura fulminans exanthemat., virus diseases, 
Rickettsioses, malaria 

3. Various forms of shock, cardiogenic, traumatic, hemorrhagic, endotoxic, 
septic, anaphylactic, shock due to burns 

4. Hemolytic syndromes: 
Transfusion reactions 
Hemolytic anemias 
Hemolytic-uremic syndrome 

5. Acute organ necroses: 
Acute pancreatitis, acute hepatic cirrhosis 

6. Postoperatively after surgery on the lungs, pancreas, liver, heart, prostate, 
after extracorporeal circulation, after transplants (kidneys, liver) 

7. After traumatic processes: 
Fat embolism, extensive soft tissue injuries 

B. Chronic forms 
1. In disorders of circulation as a result of abnormal vessel formations or vessel 

anomalies: 
Congenital cyanotic heart defects 
Giant hemangioma 
Osler's disease 
Hepatic cirrhosis with portal decompensation 
Portocaval shunt 

2. Metastatic carcinomas 
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Prostatic carcinoma, gastric carcinoma, pancreatic carcinoma, malignant 
diseases of the hemopoietic system 



Intravascular Activation of Coagulation and Fibrinolysis 

A precondition for the activation of the coagulation system in vivo is 
the supply or release of procoagulatory valences. The activation can be 
set in motion through three mechanisms (Table 7): 
1. Direct activation of prothrombin or Factor X through proteolytic 

enzymes (e.g. snake poison) 
2. Activation via the extrinsic system through the inflow of thrombo

plastic materials into the bloodstream (abruptio placentae, trauma
tic shock, carcinoma) 

3. Activation of the Hageman factor through the intrinsic system 
(e.g. extracorporeal circulation, subendothelium). 

Stroma originating from damaged, hemolysing erythrocytes activates 
the coagulation via the extrinsic system. Increased turnover of this 
kind is observed after mechanical erythrocyte damage in the course of 
extracorporeal circulation, of a microangiopathic-hemolytic syn
drome and also after immunologically induced hemolyses in conse
quence of faulty transfusions. All of the trigger mechanisms for 
intravascular coagulation induce platelet aggregation with the release 
of procoagulatory materials. Possible triggers are thrombin, antigen! 
antibody complexes, collagen, catecholamines and endotoxin. 
Thrombocytes are not essential for the activation of coagulation, but 
playa supportive role. Leukocytes contain procoagulatory activities 
but also proteolytic enzymes. Following the administration of endoto
xin there is a fall in the neutrophils in particular, with the release of 
thromboplastic materials. Consumption coagulopathies are seen fairly 
frequently in cases of acute leukemia and promyelocytic leukemia. 
Damage to the vascular endothelium with the exposure of suben
dothelial structures can induce and maintain a disseminated 
intravascular coagulation. If the integrity of the vessel is impaired, 
thromboplastic material is released. Subendothelial structures acti
vate the intrinsic system and the thrombocytes. The production of 
prostacyclin in the endothelium is reduced. Vessel damage occurs 
after the action of endotoxins, and in circulatory shock as 
catecholamine, histamine and serotonin effects. In the intrinsic system 
Factor XII can induce the activation of the complement cascade. 
Activated complement components lead to platelet aggregation with 
release reactions which perpetuate a disseminated intravascular coa-
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gulation; they influence the course of a disseminated intravascular 
coagulation through the vessel permeability, vessel reactivity and 
chemotaxis. Immune complexes set the coagulation process in motion 
by several mechanisms. They activate Factor XII, lead to vessel dam
age, activate the complement system and induce platelet aggregation. 
In this way they accelerate the increased turnover. 
The activation of the fibrinolysis system takes place: 
1. directly through specific activators, 
2. indirectly as a result of the activation of the coagulation system. 

The direct activation takes place through the infusion of strepto
kinase, urokinase and after trauma to organs rich in activators such 
as the prostate and lungs. 

The secondary increase in fibrinolysis can be seen as a compensatory 
mechanism to prevent the consequences of the intravasal coagulation. 
Fibrin has a higher affinity to plasminogen and plasminogen activators 
than fibrinogen and adsorbs these in the course of the disseminated 
coagulation process. Plasmin formation is made easier through the 
spatial configuration of the enzymes in the molecule complex. The 
degradation of circulating fibrin takes place. Precipitated fibrin 
induces - directly or through local tissue hypoxia - the release of 
endothelial plasminogen activator, which converts coprecipitated 
plasminogen into plasmin. A reminder should be given again about the 
direct activation of fibrinolysis through the Hageman factor (Fig. 911). 
Local decomposition of fibrin depositions takes place with the appear
ance of fibrin split products in the circulation. A plasminemia only 
develops if, after reopening of the capillary bloodstream, fibrinolytic 
activators and plasmin are swept into the circulation. A fibrinolysis 
accompanied by fibrinogenolysis is observed. In the systemic lysis 
after generalized exposure to the effects of plasmin, fibrinogenolysis 
predominates with simultaneous degradation of Factors V and VIII. 
The course of a disseminated intravascular coagulation can be mod
ified by various factors. An increasing reduction in the inhibitors of the 
coagulation factors leads to progression. The most potent inhibitor, 
antithrombin III, which acts at numerous points in the coagulation 
system, but preferentially inhibits thrombin and activated Factor X, is 
increasingly used up in the course of a state of increased turnover. 
Inadequate activation of the fibrinolytic system through a reduction in 
the activators and an increase in the inhibitor potential of the fibrinoly-

90 



sis, especially in sepsis, leads to the accumulation of soluble fibrin in 
the plasma and an impairment of the lysis of microthrombi in the 
peripheral vascular region. This leads to an increasing disorder of the 
microcirculation resulting in further organ damage. In the course of an 
activation of coagulation there is increasing impairment of the clear
ance capacity of the reticuloendothelial system for activated coagula
tion factors, fibrin and fibrin split product complexes and also for the 
substances which trigger a disseminated coagulation such as endoto
xins and immune complexes. This further intensifies the turnover 
disorder, depending on the microcirculation disorder within the 
organs of the reticuloendothelial system. In a state of shock the stasis 
within the microcirculation promotes the procoagulatory stimulation 
in dependence on the disordered hemodynamics and the altered 
rheological properties of the blood. The microcirculation is also 
impaired by increases in the coagulation potential such as hyperfib
rinogenemia in sepsis. 

Clinical Aspects 

Increased Turnover in the Coagulation and Fibrinolysis System 

In consequence of the procoagulatory stimulation the intra vasal action 
of thrombin leads to the splitting off of the fibrinopeptides A and B 
from the fibrinogen molecule, and to the activation of the coagulation 
Factors V, VIII and XIII and of the thrombocytes. At the start of an 
increase in turnover there is a phase of hypercoagulability, which is of 
varying duration depending on the acuteness of the process. Clinically 
this often escapes detection on coagulation analysis. An increasing 
intravasal accumulation of fibrin monomers occurs, which are 
described as des-A-fibrin and des-AB-fibrin according to the extent of 
the fibrinopeptide's-cleavage (Table 9). Up to a certain threshold 
concentration fibrin monomers and fibrin oligomers remain dissolved 
in the circulation as fibrin/fibrinogen-complexes and, if fibrinolysis 
simultaneously takes place, as fibrin/fibrin split product and fibrin/ 
fibrinogen split product complexes. If the procoagulatory stimulation 
is interrupted either spontaneously or induced through therapeutic 
measures, the hypercoagulability decreases in dependence on the 
inhibitor potential available and the extent to which the clearance 
capacity of the RES is intact, and a state of encoagulability of the blood 
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is restored without further consequences for the body. Continuing 
stimulation leads to a progressive increase in turnover and the con
sumption of coagulation factors and thrombocytes (Table 6, Fig. 2). 
Hypocoagulability develops and, in dependence on cardiovascular 
function, certain localization factors and the extent of the secondary 
fibrinolysis, fibrin is deposited in the microcirculation and/or in the 
large venous vessels. Factors I (fibrinogen), V, VIII and the thrombo
cytes and also to a lesser extent Factors II and X are affected by the 
consumption. Soluble fibrin circulates in varying amounts which 
depend on the concentration of the complex partner, fibrinogen, in the 
circulation. In correspondence with the course taken by the condition, 
a distinction can be drawn between acute, subacute and chronic dis
seminated intravascular coagulation (Table 8). The acute form ofDIC 
can lead to the total exhaustion of the hemostasis potential with mas
sive hemorrhagic diathesis. The reduction in the factors is less marked 
in the subacute form and takes an episodic course, in dependence on 
the course of the underlying disease, with periods of just a latent 
tendency to hemorrhage and periods of marked hypocoagulability 
with manifest hemorrhagic diathesis. The low-grade consumption 
reaction in chronic DIC can lead, through a compensatory increase in 
the synthesis of coagulation proteins, to normal or even increased 
activities of the factors and of the fibrinogen concentration. Where 
there is locally circumscribed, secondary lysis of fibrin deposits, fibrin 
split products appear in the circulation. With more marked activation 
oflysis, plasmin and fibrinolysis activators flow into the circulation and 
fibrin/fibrinogen split products appear. Because of their ability to form 
complexes with fibrin, they counteract the development of micro
thrombosis. The systemic fibrinolysis can become so intensive that 
complete degradation of fibrinogen and of Factors V and VIII which 
are similarly sensitive to plasmin, takes place, this aggravating the 
hypocoagulability. 

Fibrin Deposition 

Depending on the acuteness of the process and on locally acting factors 
such as stasis, catecholamine effects, and endothelial fibrinolysis 
activators, fibrin is deposited in numerous organs, this resulting in a 
disorder of the microcirculation and damaged organ function or total 
organ necrosis (Table 6). The organs preferentially affected are the 
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skin, kidneys, adrenals, liver and lungs. Perifocal necroses and hemor
rhages also occur. Macrothromboses in the deep vein system of the 
legs and the pelvis are similarly often observed. The preferential 
deposition of fibrin in the renal cortex, which is promoted through 
localization factors such as catecholamines and corticoids, is the cause 
of a bilateral renal cortex necrosis with irreversible organ damage. 
Necrosis of the skin occurs at the acral extremities in particular. The 
obstruction of the pulmonary bloodstream through fibrin clots is due 
to the local development of thrombi and to microemboli from the 
venules of the systemic peripheral vessels. The deposition of fibrin in 
the pulmonary bloodstream is to be seen as one of the causes of so
called "shock lung". Necroses of the liver lead to acute hepatic dystro
phy. Microthrombosis which takes a generalized course can initiate or 
perpetuate a state of shock through impairment of the nutritive supply 
of the peripheral vascular region. The deposition of a loose fibrin 
network in the peripheral vascular region causes a microangiopathic 
hemolytic anemia with the demonstration of schistocytes. Even 
though fibrin may not be demonstrated in the microcirculation on 
pathological-anatomical post mortem, this does not exclude the possi
bility that microthrombus formation may have taken place during life, 
because a secondary increase in fibrinolysis may have led to the re
opening of the peripheral vascular region. 

Hemorrhagic Diathesis 

The tendency to hemorrhage, which is defined as "consumption coa
gulopathy" , is a consequence of the progressive fall in the coagulation 
factors and the secondary fibrinolysis (Table 6). In the majority of 
cases the hemorrhagic diathesis remains clinically latent. The coagula
tion defect can then only be objectively demonstrated through coagu
lation analysis. About one third of patients show a severe tendency to 
hemorrhage, the remaining two thirds having only a moderate or no 
manifest hemorrhagic diathesis. The hemorrhagic diathesis occurs in 
the form of a combined thrombocytic and plasmatic tendency to 
bleeding. At the skin and mucous membranes petechiae, purpura, but 
also ecchymoses and suffusions are observed. Hemoptysis, intestinal 
bleeding from erosions and ulceration of the gastrointestinal tract 
develop, and also secondary hemorrhage from puncture sites and 
surgical wounds and central-nervous symptoms through microhemor
rhages in the central nervous system. The initial lesions are often 
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thrombotic occlusions in the microcirculation with tissue damage and 
necroses, into which bleeding takes place. 

Diagnosis 

The diagnosis of an increased turnover in the coagulation and/or 
fibrinolysis system is made on the basis of clinical and coagulation 
analysis parameters (Tables 6, 9 and 10, Figs. 3 and 4). If a coagulation 
analysis is carried out just once, only distinct deviations from the norm 
will indicate a consumption coagulopathy. Since the normal range for 
many coagulation analysis test systems is relatively broad, in indi
vidual cases slight deviations from the individual normal values do not 
provide any unequivocal information when the increased turnover is 
just starting or regressing or in the chronic form of disseminated 

Table 10. Diagnostic laboratory criteria for consumption coagulopathy and 
increased secondary fibrinolysis (Heene, 1975a) 

Consumption of the components 
of the hemostasis system 
induced through: 

a) Action of thrombin 
Thrombocytopenia 
Reduction in Factors V, (VIII), XIII 

Hypofibrinogenemia 
Formation of soluble fibrin monomer 
complexes and fibrin monomer
fibrinogen complexes 
Reduction in antithrombin III 

b) Action of thrombin and plasmin 
Reduction in Factors V and VIII 
Hypofibrinogenemia 
Formation of uncoagulable fibrinogen! 
fibrin split products (FSP) and of 
their complexes with fibrin monomer 
Reduction in plasminogen 
Increase in the activator activity 

Analytical Parameters 

Thrombocyte count 
Determination of Factors 
V - VIII - XIII 
Fibrinogen concentration 
Ethanol test 

Antithrombin III 

Determination of Factor V-VIII 
Fibrinogen concentration 
Thrombin and reptilase times 
Demonstration of FSP in the 
serum 
Determination of plasminogen 
Euglobulin lysis time 
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TPT Thromboplastin time 
PTT Partial thromboplastin time 
TT Thrombin time 
mE Maximal amplitude 
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a OLn=~~~~~~~~,~~~~~L
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Fig. 3. Diagnosis of consumption coagulopathy by coagulation analysis: mean 
difference of the values for global and grouptests in 100 normal subjects and a 
total of 60 patients with consumption coagulopathy (Lasch, 1969) 
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Fig. 4. Diagnosis of consumption coagulopathy: mean difference of individual 
coagulation analysis factors in 100 normal subjects and a total of 60 patients 
with consumption coagulopathy (Lasch, 1969) 
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intravascular coagulation. Serial controls, which allow a tendency to 
be recognized and confirm the diagnosis, are helpful. Indications 
about a consumption coagulopathy with and without increased secon
dary fibrinolysis are provided by the underlying disease, the impair
ment of organ functions and a state of shock, and also by the type and 
time of occurrence of a hemorrhagic diathesis. It is often not possible, 
without costly test combinations, to determine precisely the extent of 
the synthesis disorder (e. g. hepatic cirrhosis), of the disseminated 
intravascular coagulation and of the secondary fibrinolysis in a case of 
hemorrhagic diathesis, since numerous laboratory parameters may 
prove to be equally pathological in all three cases. A differentiation is 
important, since it determines the approach to treatment. 
Accordingly the following have to be clarified by means of coagulation 
analysis: 
1. A hypercoagulability, 
2. A compensated or decompensated consumption coagulopathy, 
3. A secondary fibrinolysis, 
4. A concomitant disorder of synthesis and 
5. A combination of 2,3 and 4. 

A single test does not provide much information. Only a combination 
of tests makes it possible to classify and assess the degree of severity of 
the disorder of hemostasis. 
A hypercoagulability can be recognized from the shortened coagula
tion time, the shortened r-time and k-time in the thromboelastogram, 
an increase in the activity of thrombin-sensitive Factors V and VIII 
and also, in a great number of cases, through a positive ethanol and 
protamine sulfate test. A high fibrinogen level and a thrombocytosis 
are further indicators of a hypercoagulability, in the sense of an 
increased coagulation potential. 
Disseminated intravascular coagulopathy is diagnosed on the basis of 
clinical signs and the analysis of coagulation parameters. The diagnos
tic criteria include a predisposing primary illness, hemorrhagic ten
dency of manifest bleeding and microthrombosis (e. g. cutaneous 
bleeding) in combination with pathological findings relating to the 
following coagulation parameters: a thrombocyte count of fewer than 
100000-150000/111, less than 100-150 mg% fibrinogen and a Quick 
value of less than 40% of normal. Additional factors may also be taken 
into account, including an increase in fibrogenic cleavage products to 
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more than 101lg/ml, a decrease in factor VIII to less than 50% of 
normal levels, a decrease in antithrombin III levels to less than 60% of 
normal and a positive ethanol gelation test. Progressive changes in 
these coagulation parameters corroborate the diagnosis. 
As mentioned, in consumption coagulopathy there is a fall in the 
thrombocytes and in the coagulation Factors I (fibrinogen), II, V, 
VIII, X and XIII. The bleeding time and coagulation time are corres
pondingly prolonged. A thrombocytopenia develops in particular in 
septic conditions. Fibrinogen/fibrin split products induce a disorder of 
thrombocyte function. A decrease in the activity of the thrombin
sensitive Factors V and VIII preferentially occurs. It is possible to 
make a differentiation from a disorder of synthesis through the fact 
that in the latter case the Factor VIII activity remains in the normal 
range. In correspondence with the fall in the factors, the thromboplas
tin time (Quick) and the partial thromboplastin time (PIT) show 
pathological values. The thrombin time and the reptilase time are 
normal; prolonged times first occur at fibrinogen concentrations of 
under 50 mg%. The ethanol test and the protamine sulfate test are 
considered to be indicators for circulating fibrin/monomer complexes. 
The ethanol test is of only limited usefulness since at low fibrinogen 
concentrations of under 40-50 mg% it may yield false negative results 
despite the presence of monomers, and at fibrinogen concentrations 
over 400-500 mg% may give false positive even when soluble fibrin is 
not present in the plasma. More costly procedures for the demonstra
tion of soluble fibrin in the plasma are possible by means of gel 
filtration, affinity chromatography and N-terminal glycine determina
tion on isolated and precipitated fibrinogen-related material. The fall 
in the antithrombin III is an important parameter. The fibrinopeptides 
A and B can be determined by radioimmunology. 
In a fibrinolysis, as in a consumption reaction a reduction is found in 
the Factors I (fibrinogen), II, V and VIII. The bleeding time and 
coagulation time are correspondingly prolonged on the thromboelas
togram, and as in consumption coagulopathy a prolongation of the 
r-time and k-time is found. A disorder of thrombocyte function is 
present due to the fibrinogen/fibrin split products; when fibronolysis 
predominates, the thrombocytopenia is less marked, there is not such 
a marked fall in the antithrombin III level. In correspondence with the 
reduction in the factors and the inhibitory influence of the split pro
ducts on the fibrin polymerization, the thromboplastin time (Quick 
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value), the PIT, thrombin time and the reptilase time are prolonged. 
By means of chromogenic substrates or immunological procedures, a 
reduction in the plasminogen and in alphaTantiplasmin can be demon
strated, and a rise in the plasmin-alpha2-antiplasmin complex can be 
shown by means of radioimmunology. The fibrinogen/fibrin split pro
ducts in the serum can be measured semiquantitatively by means of the 
staphylococcal clumping test, hemagglutination inhibition test and the 
latex test. Fragment X is still coagulable and is therefore not picked up 
in the serum. More costly radioimmunological tests make possible the 
quantitative demonstration of early lytic split products. A peptide, 
which can be quantified as FCB3, is released from the C-terminal end 
of the A-alpha chain. The amino acids 1 to 21 and 1 to 42 are similarly 
released from the N-terminal end ofthe B-beta chain at the start of the 
fibrinogen degradation and can be quantified by radioimmunology. If 
the fibrinopeptide B cleavage with the amino acids 1-14 from the N
terminal end of the B beta chain has first taken place, these last
mentioned plasmin split products lose their immune reactivity in the 
test system. 

Treatment 

The treatment of the disorder of turnover and its consequences is 
carried out at several levels aimed at the following: 
1. Elimination of the cause of the hypercoagulability and of the 

increased turnover 
2. Interruption of the increased turnover 
3. Restoration of an adequate hemostatic potential 
4. Prevention of microthrombosis and of a disorder of the microcircu

lation 
5. Elimination ofthe microthrombi and ofthe microcirculatory disor

der (Table 11, Fig. 5). 

Disseminated intravascular coagulation is always the consequence of a 
primary disease. The process is arrested through the elimination of the 
procoagulatory stimulation: antibiotic therapy in sepsis, cytostatic 
therapy for leukosis, surgical and cytostatic therapy of isolated 
tumors, the treatment of shock, removal of the child in the dead fetus 
syndrome and in some cases of the uterus in infected abortion. 
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Fig. 5. Perpetuation of the microcirculation disorder in shock (Heene, 1975 a, 
1977) 

Depending on the acuity of the disseminated intravascular coagulation 
(acute or chronic) and the extent of the secondary increase in fibrinoly
sis, measures which intervene directly in the hemostasis system, listed 
under Points 2-5, are necessary. To interrupt the consumption reac
tion heparin is given intravenously in a dose of 150 to 500 I. U .lkg 
bodyweight in 24 h or 15000-30000 I. U.l24 h. Heparin should not be 
administered subcutaneously, especially in circulatory shock, because 
of the uncertain situation as regards absorption. Heparin is particu
larly valuable for prophylaxis, in the initial stage of a consumption 
reaction when the hemostasis potential is still largely intact and in 
chronic disseminated intravascular coagulation. In cases of an 
advanced consumption reaction there is an increased danger of an 
uncontrollable hemorrhagic diathesis. The action of heparin is depen
dent on the amount of antithrombin III available in the body. Anti
thrombin III substitution increases the effect of the heparin. This 
makes it possible to reduce the dose of heparin. A secondary increase 
in fibrinolysis regresses without further measures if the activated coa
gulation is interrupted through heparin therapy. 
The success of therapy is monitored on the basis of the elimination of 
the hemorrhagic tendency, the rise in the fibrinogen concentration, 
the thrombocyte count and the normalization of the other parameters 
of coagulation. Pharmacological interruption of the secondary fib-
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rinolysis should be avoided as far as possible, since this represents a 
desirable compensatory mechanism against the development of dis
seminated intravasal microthrombosis. Only when hyperfib
rinogenolysis predominates is the administration of 50000 to 100000 
KIV of aprotininlhour to be recommended. Epsilon-aminocaproic 
acid and analogous substances are generally contraindicated and 
should only be used in cases of primary hyperfibrinogenolysis. 
In cases of disseminated intravascular coagulation which take an acute 
course, in which the hemostasis potential has largely been exhausted 
and there is a general tendency to bleeding, it is advisable to give fresh 
blood, fresh plasma and fresh frozen plasma. These preparations 
contain the coagulation factors in inactive form. Activation preferen
tially takes place at the site of the hemorrhage. In addition inhibitors of 
coagulation and of fibrinolysis are supplied. As a result of the prepara
tion process factor concentrates often contain small amounts of acti
vated factors which may provoke a disseminated increase in turnover. 
In cases where the hemostasis potential has been completely 
exhausted and the capacity of the body for volume loading is impaired, 
the administration of PPSP, Cohn's fraction, fibrinogen and/or cryo
precipitate may be indicated, but only under the simultaneous 
administration of heparin. Thrombocyte concentrates may be neces
sary in leukoses and in sepsis with marked thrombocytopenia. The 
development of microthrombosis causes an organ-related and a sys
temic microcirculatory disorder, just as conversely a microcirculatory 
disorder can result in the deposition of fibrin. In the therapeutic 
measures the emphasis is upon maintaining adequate cardiovascular 
function and adequate rheological conditions. In correspondence with 
the primary disease, attention should be paid to adequate volume 
substitution through plasma and plasma expanders in hypovolemia; in 
myocardial insufficiency use must be made of the whole spectrum of 
drug treatments available. Fibrinolysis therapy with streptokinase or 
urokinase is indicated in states of progressive shock and persisting 
microcirculatory disorders due to assumed micro thrombosis of the 
peripheral vascular region of vital organs. This was inaugurated as a 
concept of therapy by Lasch et al. (1961, 1963). In cases where the 
hemostasis potential has already largely been exhausted, therapeutic 
fibrinolysis is associated with a very high risk of bleeding. In well 
documented individual cases it has been shown however, that re
compensation of the circulation can be achieved through the elimina-
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tion of the microclots leading to the restoration of perfusion in the 
peripheral vascular region and through an improvement in the 
rheological conditions by the degradation of circulating fibrinogen/ 
fibrin monomer complexes which latter increase the viscosity. The 
dosage amounts to 50-100000 I. V.Ih. The fibrinolysis treatment is 
carried out for a period of a few hours. 
In chronic consumption coagulopathy without hemorrhagic diathesis, 
without progressive exhaustion of the hemostasis potential and with
out the development of microthrombosis, anticoagulation with 
coumarin derivatives may be successful. The emphasis is upon treat
ment of the primary disease. 

Primary Fibrino-lFibrinogenolysis 

During fibrinolysis therapy with streptokinase, and to a lesser extent 
with urokinase, a hyperplasminemia develops, especially in the initial 
phase, with a marked coagulation defect and the development of a 
coagulopathy. There is a decrease in the fibrinogen, prothrombin, 
Factor V and Factor VIII; fibrinogen split products show an excessive 
increase. The disorder of hemostasis regresses relatively rapidly after 
the discontinuation of therapy. If there is a serious tendency of bleed
ing, aprotinin (Trasylol), epsilon-aminocaproic acid and their analo
gues are indicated here. Primary fibrinogenolysis or else very predo
minant fibrino-/fibrinogenolysis with only slight, almost negligible 
activation of the coagulation system, may occur in severe liver dis
eases, prostatic carcinoma, heatstroke, amniotic fluid embolism and 
also in extensive endothelial cell damage. The differentiation from 
intravasal coagulation may be difficult, since the same clotting factors 
are degraded. Clues are provided here by the underlying disease, the 
usually normal thrombocyte count, the excessive increase in split 
products, the distinct shortening of the euglobulin clot lysis time and 
the negative result of the paracoagulation tests (ethanol test, pro
tamine sulfate test). The latter are unreliable indicators, since they can 
also prove negative when the hemostasis potential has largely been 
exhausted in consequence of a disseminated intravascular coagulation 
with and without secondary fibrinolysis. 
Some families with a congenital deficiency of alpharantiplasmin have 
been described. A hemorrhagic diathesis with an increased tendency 
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to bleeding after injuries and surgery is present. Measured using 
functional methods the alphaz-antiplasmin activity in the plasma lay 
between 3% and 10% of the norm. The spontaneous clot dissolution 
and the euglobulin clot lysis time are shortened. No signs of increased 
fibrinolysis are found in the uncoagulated blood, i. e. no fibrinogen 
split products can be demonstrated. The increased tendency to bleed
ing can be normalized with 3 to 4.5 g of tranexamic acid (Ugurol) per 
day. 

Selected Conditions in Which There Is Increased Turnover 

Circulatory Shock 

Several forms of circulatory shock can be distinguished in correspond
ence with the primary site of action of the cause of the shock. Cardio
genic, hypovolemic and vagovasally induced shock originate in the 
macrocirculation. At the start there is a reduction in the cardiac output 
to below a critical value which leads to reduced perfusion of the 
peripheral vascular region with the induction of a shock syndrome. 
Septic shock originates in the microcirculation with the opening up of 
anatomical and functional arteriovenous shunts resulting in inadequ
ate perfusion of the nutritive capillaries. The supply of blood to the 
organs, including the heart, is further reduced through an initial acti
vation of intravasal coagulation processes with the possible occlusion 
of the capillary system through microclots, this aggravating the shock. 
Following an initial hyperdynamic phase with an increased cardiac 
output, in the further course of events the septic shock leads to a 
hypodynamic phase with a reduced cardiac output. In traumatic 
shock, as a rule several trigger mechanisms such as volume deficiency, 
trauma reaction and sepsis interact with each other. The genesis and 
course of the shock is modified according to the various combinations 
in question. 
The microcirculatory disorder induced by the shock leads to tissue 
hypoxia and acidosis (Fig. 5). As a result the coagulation system can be 
stimulated in various ways which have a pro coagulatory effect. These 
stimuli include: 
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1. Local activation in the peripheral vascular region as a result of 
hypocirculation, stasis and acidosis with the delayed clearance of 
activated coagulation products. 

2. Hypoxic endothelial damage with the exposure of contact-activat
ing surfaces and subendothelial tissue. 

3. The inflow of thromboplastic activities from hypoxic and traumati
cally damaged tissues. 

4. Hemolysis. 

Activation of the coagulation system perpetuates the shock-specific 
microcirculatory disorder through an increase in viscosity in conse
quence of circulating, soluble, high molecular weight fibrinogen-fibrin 
monomer complexes and through the development of microthrombi. 
If the state of shock persists together with the procoagulatory stimula
tion with excessive demands being made on the inhibitor system, the 
hypercoagulability of the blood can lead to the exhaustion of the 
hemostasis potential resulting in hemorrhagic diathesis and possible 
fibrination of the peripheral vascular region (Fig. 6). 
At the same time macrothromboses can occur in the large veins with 
the complication of pulmonary embolism. If as a result of the dissemi
nated intravascular coagulation and fibrinolysis the hemostasis poten
tial falls below a critical limit, then a hemorrhagic diathesis develops 
which can aggravate the state of shock through a hypovolemia. A 
consumption coagulopathy can thus be both the consequence and also 
the cause of circulatory shock. 
Depending on the type of shock, disorders of hemostasis are involved 
to a varying extent in the shock process. In septic shock fibrin mono-

Fig. 6. Interactions between 
circulatory shock and disorder of 
hemostasis (Matthias, Lasch, 1981) 
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mer complexes can be demonstrated in the plasma in almost all cases, 
and in cardiogenic and traumatic shock in about Y. of the patients; in 
hemorrhagic shock and the other forms of shock the proportion of 
fibrin monomer complexes which can be demonstrated on coagulation 
analysis is less. Secondary fibrinolysis is rather rarely found in car
diogenic and septic shock whereas in traumatic and hemorrhagic shock 
and also in the other forms of shock it is seen more frequently. Massive 
transfusions of whole blood in hemorrhagic and traumatic shock can 
aggravate the coagulation disorder. Whole blood which has been 
stored for some time no longer contains any material with a hemostatic 
action. Procoagulatory substances and fibrinolytic degradation pro
ducts accumulate on the other hand. In addition a dilution coa
gulopathy is induced. The forms of shock with the highest mortality 
demonstrate the highest frequency of coagulation activation, 
documented by the demonstration of soluble fibrin in the plasma; in 
these cases the amount of fibrinolysis tends to be rather slight. 
The treatment of the hemostasis disorder induced by the shock con
sists primarily of the elimination or treatment of the cause of the 
shock. The improvement in the microcirculatory disorder which this 
produces often leads to the spontaneous regression of the hemostatic 
disorder. Volume losses and extensive exhaustion of the hemostasis 
potential should preferably be treated with fresh blood, fresh plasma 
and fresh frozen plasma. Heparin therapy is indicated in septic and 
cardiogenic shock. 
The use of anticoagulants is restricted in hemorrhagic and traumatic 
shock because of the organ and tissue injuries. In hemorrhagic shock 
where increased turnover can often not be demonstrated or only to a 
slight extent, there is no need for heparin therapy. 

Sepsis 

The disorder of hemostasis in sepsis is complex in nature. 60% to 70% 
of the patients have a coagulation defect. In about 35% no deviation 
from the norm is seen for the coagulation analysis parameters. In 
normotensive sepsis a classic disseminated intravascular coagulation 
(DIC) only occurs in just over 10% of the patients. One third of these 
patients bleed. In septic shock the percentage of patients with DIe 
increases up to 80% depending on the patient material. On the other 
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hand a DIe is the consequence of sepsis or septic shock in about 60%. 
The possibility of the degradation of clotting factors taking place 
through non specific proteolysis (elastase from leukocytes) which is 
superimposed upon or even occurs independently of a disseminated 
intravascular coagulation process, must also be included in the delibe
rations in sepsis. 
A fall in the vitamin-K-dependent clotting factors without any other 
signs of a DIe is found in 25% to 30% as a consequence of a disorder of 
synthesis in liver damage which is due to sepsis. 
A thrombocytopenia is demonstrated in ca. 55 % (sometimes in 100%) 
of the patients. An isolated thrombocytopenia is found in somewhat 
less than 40% of cases. The consumptive thrombocytopenia (with and 
without DIC) is the dominant coagulation defect in sepsis. It can be 
caused by: 
1. the action of thrombin in the context of a ole 
2. direct bacterial endotoxic damage to the thrombocytes 
3. an immune-mediated destruction of thrombocytes and 
4. the aggregation of thrombocytes on vessel walls with bacterial 

endotoxic damage (Fig. 7). 
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Fig. 7. A schematic summary of various pathways whereby bacteria could 
induce thrombocytopenia (modified from Wilson et al. 1982) 
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In normotensive sepsis and thrombocytopenia alone or a reduction in 
the prothrombin complex factors without the criteria of a DIC, hepa
rin in a low dosage (ca. 10000 I. U.lday) and/or the administration of 
fresh plasma is indicated. In septic shock, manifest DIC and progres
sive exhaustion of the hemostasis potential, heparin is the drug of 
choice (20000 to 30000 I. U.lday). Antithrombin III substitution is 
very important. Fresh plasma and possibly factor concentrates supple
ment the therapeutic concept. If bleeding is present heparin in a 
reduced dose is justified or should be avoided altogether in favor of 
antithrombin III and fresh plasma. 

Shock Lung 

This syndrome will be discussed here only to the extent that coagula
tion processes are involved in its development (Figs. 8 and 9). Shock 
lung, or the acute respiratory distress syndrome of adults (ARDS) 
occurs in about 5% of patients with shock. The syndrome is not 
necessarily always associated with the presence of a manifest state of 
shock. Predisposing factors are extensive trauma to the tissues, infec
tions, sepsis, heavy blood losses, intoxications and lung damage due to 
irritant gases. It is always accompanied by a generalized or local 
activation of the plasmatic coagulation system and of the thrombo
cytes, which need not always be demonstrable on coagulation analysis, 
but which can also lead into a consumption coagulopathy. As regards 
the pathophysiology it is initially characterized by vaso- and bron
choconstriction with a change in the ventilation/perfusion ratio. In the 
further course of the condition a hypoxic and humorally induced 
barrier disorder of the alveolocapillary membrane structures 
develops, initially with interstitial, later with alveolar protein- and 
fibrin-rich exudate and a progressive diffusion disorder (exudative 
alveolitis) . 
The late phase is characterized by connective tissue proliferation 
(sclerosing alveolitis) with progressive hypoxemia and hypercapnia. 
Even in the early phase of shock, long before the development of a 
respiratory insufficiency, pathomorphological changes can be demon
strated in the lungs. Depending on the type of shock, thrombocyte and 
granulocyte aggregates are found to a varying extent and also fibrin 
thrombi in the arterioles and capillaries, but also in the venules. The 
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Fig. 8. Pathogenetic factors in the development of shock lung (Heene, Lasch, 
1977) 

fibrin is seen on histology as microclots and as hyaline globules (shock 
bodies). The clots and aggregates have only partly originated in the 
pulmonary circulation itself, they are mostly carried to the lungs as 
emboli from the venules of the systemic circulation in generalized 
activation of coagulation. The lungs already normally act as a filter 
organ for activated coagulation products. In the initial phase a so-
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Fig. 9. Significance of the involvement of coagulation and fibrinolysis pro
ducts in the pathogenesis of so-called shock lung (Neuhof et aI., 1982) 

called early micro embolism syndrome occurs, in which thrombocytes, 
fibrinopeptide B and early degradation products of the fibrin - a 
penta peptide has been identified - are said to be involved in functional 
changes of the lung in the form of a vasoconstriction and bronchocon
stricti on. The thrombocytes release vasoactive substances with seroto
nin and histamine. The thromboxane Az which is formed by the 
thrombocytic prostaglandin system is a potent vasoconstrictor. The 
complement activation leads by chemotaxis to intrapulmonary 
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granulocyte adhesion with the release of lysosomal enzymes and acti
vation of the granulocytic prostaglandin system with the formation of 
vasoactive cyclooxygenase products and membrane-damaging leuko
trienes via the lipooxygenase pathway. The pulmonary vessel 
endothelium is initially still intact and plasminogen activator, pros
tacyclin which has a vasdilatory action, but also prostaglandin F2a with 
a vasoconstrictive action, are released from the capillaries. The kinin
ase 2 which is still available converts angiotensin I into the vasocon
strictive angiotensin II. Whereas the fibrin thrombi and cell aggregates 
are initially still reversible, the fibrination increases in the further 
course of the condition. In this so-called late microembolism syn
drome fibrin elimination is delayed. A fibrinolysis inhibitor can be 
demonstrated in the systemic blood. The vessel permeability is 
increased through the local release of fibrinolysis products, comple
ment, histamine, endotoxin and leukotrienes. The increasing damage 
to the vascular endothelium of the pulmonary circulation leads to an 
impairment of the formation and release ofprostacyclin, plasminogen 
activator and kininase 2. The development of edema predominates. 
As mentioned, fibroblast proliferation subsequently occurs, which is 
also provoked by fibrin degradation products. 
Treatment aimed specifically at the coagulation system has little influ
ence on the prevention and treatment of the shock lung syndrome. 
Heparin may be of some value for prophylaxis, but progression of the 
changes will presumably not be prevented. Fibrinolytic treatment does 
not seem to be indicated. It is not certain whether prostacyclin infu
sions are of value in the initial phase. 

Gynecological Diseases 

In about 30% to 40% of patients with premature abruptio placenta a 
disorder of coagulation occurs with a fall in the fibrinogen, the 
thrombocytes, and a rise in the split products. The inflow of thrombo
plastic material of the placenta from the uterus into the maternal 
circulation and a local consumption of coagulation factors in the 
retroplacental hematoma are said to be causally responsible. If the 
mother loses a lot of blood the consumption coagulopathy is addition
ally induced and maintained by the circulatory shock. The possibility 
has also been discussed that a disseminated intravascular coagulation 
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with secondary fibrinolysis represents the primary pathological pro
cess, which through hemorrhages, thrombi and necroses in the region 
of the insertion of the placenta leads to the detachment of the placenta, 
which then perpetuates the coagulation disorder. The coagulation
specific therapy consists of the administration of fresh blood, fresh 
plasma, fresh frozen plasma, fibrinogen and possibly Cohn's fraction I 
and also cryoprecipitate. Consumptive coagulopathies with fibrinoly
sis showed successful recompensation under the additional administ
ration of aprotinin (Trasylol). Heparin is not indicated because of the 
uterine bleeding. Hyperfibrinolyses can be inhibited with aprotinin. In 
rare cases epsilon-aminocaproic acid and its analogues are indicated. 
Amniotic fluid which has a thromboplastic action and which has been 
swept into the maternal circulation seems to be the cause of the 
coagulopathy in amniotic fluid embolism. Cells, cell detritus, and 
tissue constituents from the amniotic fluid and also platelet-fibrin 
thrombi are mainly found in the pulmonary circulation. The obstruc
tion of the vessels and in particular the concomitant vasoconstriction 
can lead to an acute cor pulmonale with circulatory insufficiency, and 
this can maintain the coagulation disorder. In the further course of the 
condition a shock lung syndrome develops. Besides the disseminated 
intravascular coagulation the secondary fibrinolysis is very predomin
ant. Heparin is indicated in the initial phase. If the hemostasis poten
tial is exhausted, fresh blood, fresh plasma, fresh frozen plasma, 
fibrinogen, Cohn's fraction I, cryoprecipitate and if fibrinolysis pre
dominates, aprotinin are necessary. 
The coagulation disorder following intrauterine death of the fetus 
("dead fetus" syndrome) is predominantly a consumption coa
gulopathy. With the exception of rare cases, a secondary fibrinolysis is 
rather less marked. The disorder of coagulation develops in about the 
3rd week after the death of the infant. The cause of the hemostasis 
disorder is not clear; the absorption of proteolytic enzymes from the 
dead fetus into the maternal circulation is assumed. The increased 
turnover often takes a chronic course. Treatment of the coagulation 
disorder has been described in the preceding section. 
In septic abortion the coagulation disorder is a consequence of the 
endotoxinemia. One is mostly dealing with gram-negative organisms 
(Escherichia coli). The disorder of hemostasis corresponds to that seen 
in sepsis and septic shock due to other causes. The pregnancy with the 
increasing hypercoagulability in the last trimester, is to be seen as a 
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predisposing factor for the consumption coagulopathy. A secondary 
fibrinolysis is less important. There is mostly marked thrombopenia. 
Heparin can be considered for therapy but the results are rather 
uncertain. Substitution therapy is carried out in accordance with the 
guidelines given. The course of a chorioamnionitis basically corres
ponds to that of sepsis and septic shock. 
Hypercoagulability and disseminated intravascular coagulation pro
cesses are similarly seen in preeclampsia and eclampsia. The fibrinoly
tic activity tends to be rather reduced, and secondary fibrinolysis 
rarely occurs in this coagulopathy. The disseminated intravascular 
coagulation mostly takes a latent course. Acute consumption reactions 
are rare. Fibrin depositions are found in the microcirculation, espe
cially in the kidneys. Fragmented erythrocytes are interpreted as the 
consequence of a microangiopathically induced hemolysis. Heparin 
therapy is not indicated in patients with the full-blown picture of 
eclampsia. 
Transitional states are found between this and the hemolytic-uremic 
syndrome during pregnancy and the post-partum phase. Here throm
bocytopenia, hemolytic anemia with fragmented cells and renal failure 
predominate. The syndrome may first occur several weeks after the 
birth. 

Liver Diseases 

Manifest consumption coagulopathies first occur in hepatic diseases in 
the advanced stages of a hepatic cirrhosis and in acute hepatic dystro
phy. The pathological mechanism has been described elsewhere. The 
coagulation disorder is a complex one. As a rule this consists of a 
combination of a disorder of synthesis of the coagulation factors which 
are formed in the liver, a latent, chronic, but in phases also acute 
increase in turnover of the coagulation factors and of the thrombocytes 
with and without fibrinolysis and also a thrombocytopenia due to 
sequestration in the spleen. 
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Disorders of Hemostasis in Liver Diseases 

Significance of the Liver for Hemostasis 

The liver has to fulfil several functions within the coagulation system 
(Fig. 2): 
1. It is responsible for the synthesis of the majority of the plasmatic 

coagulation and fibrinolysis factors (cf. Chapter I); 
2. It is the production site for numerous inhibitors of the coagulation 

and fibrinolysis system; 
3. The reticuloendothelial system of the liver is primarily involved in 

the elimination of activated and inactivated coagulation and fib
rinolysis factors and their degradation products. 

The clotting factors of the prothrombin complex (Factors II, VII, IX, 
X) and fibrinogen are synthesized in the liver. The site of synthesis of 
the clotting Factors V, VIII and XIII is still not clear to some extent. 
Factor V also seems to be formed in the liver. Factor VIII consists of 
two subunits. The formation of the Factor VIII-associated antigen is 
localized in the liver, whereas that part of the Factor VIII molecule 
complex which is responsible for the procoagulatory activity is pre
sumably formed ubiquitously in the endothelium. Factor XIII simi
larly consists of two components. The a-chain which is responsible for 
the Factor XIII activity is probably formed outside of the liver, 
whereas the site of synthesis for the b-chain is the liver. The liver is also 
the production site for plasminogen and the inhibitors alpha2-antiplas
min, alpha2-macroglobulin and alpharantitrypsin. Plasminogen pro
activator is released ubiquitously from endothelial cells. The elimina
tion of altered plasma constituents is a general principle of the reticulo
endothelial system. The clearance capacity of the liver is high, since 
about 50 to 80% of the total reticuloendothelial system, in the form of 
the Kupffer cells, are concentrated on the liver and the liver requires 
about 20 to 25% of the cardiac output. The liver takes from the blood 
activated coagulation factors with a procoagulatory action, activated 
fibrinolysis factors, and aggregated and degraded factors of the 
hemostasis system. 
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Pathophysiology of the Hemostasis Disorder in Liver Diseases 

Pathogenetic mechanisms are involved in the genesis of the hemostasis 
disorder in hepatic diseases: 
1. A reduced synthesis of coagulation factors and fibrinolysis factors 

and also of their inhibitors because of an impaired synthesis per
formance of the hepatocytes. 

2. The impairment of the clearance function of the reticuloendothelial 
system of the liver leading to an accumulation of activated coagula
tion and fibrinolysis products within the systemic circulation. 

3. The circulatory disorders in portal hypertension with reduced 
hepatic perfusion and shunt circulation. 

4. The loss of factors of the hemostasis system in the enlarged 
extravasal space. 

5. The sequestration of thrombocytes in the spleen with spleno
megaly. 

These five components of a hemostasis disorder may be of varying 
importance in the course of the different diseases of the liver, thus 
influencing the clinical picture and the therapeutic deliberations. 
The hepatogenic disorder of hemostasis occurs in the form of a disor
der of synthesis and of turnover. In dependence on the impaired 
synthesis performance of the hepatocytes and the reduced availability 
and utilization of vitamin K, there is a decrease in the activity of the 
prothrombin complex. 
It has been demonstrated by immunological methods that although the 
prothrombin antigen falls in the course of hepatic diseases, it is present 
in a larger amount than would be expected from the activity measured 
using functional methods, so that it can be assumed that a defective, 
incomplete prothrombin molecule is formed, which corresponds to the 
so-called PIVKA (protein induced by vitamin K absence or antagon
ist). From this is deduced the rationale for the therapeutic parenteral 
administration of vitamin K in severe damage of the hepatic paren
chyma, in which obstructive bile duct disease does not play any part. 
The fibrinogen level does not fall until there is progressive destruction 
of the hepatic tissue and may be raised in inflammatory liver diseases 
as acute phase protein, but also in portal hypertension because of an 
increase in the rate of synthesis. A fall in the fibrinogen is always a sign 
of severe liver disease. In addition defects can occur in the molecular 

115 



structure of coagulation factors formed during liver diseases, e. g. in 
the form of a dysfibrinogenemia. 
The disordered turnover also has the effect of producing continuous 
activation of the coagulation system with or without an increase in 
fibrinolysis. It is often difficult to estimate the importance of this 
hemostasis disorder, to be classified as a consumption coagulopathy 
with or without an increase in fibrinolysis, in the course of liver 
diseases. The procoagulatory stimulation which takes place intravas
ally initially leads to a hypercoagulability. The absence of inhibitor 
potential of the coagulation - antithrombin III - can set in motion a 
disseminated intravasal coagulation process, which may involve the 
thrombocytes and lead to the development of local micro-thrombosis 
(preferentially in the liver also), to the disseminated deposition of 
fibrin in the entire peripheral vascular region and to macrothrom
boses. In correspondence with this increased activity of the thrombin
sensitive factors (Factors V, VIII, XIII) is initially found, which in the 
further course of the condition together with other factors turns into a 
reduction in activities. 
Plasminogen coprecipitated with the fibrin thrombi is converted by 
endothelial activator into plasmin and in the form of a secondary 
increase in fibrinolysis leads to the dissolution of the thrombi. Thus 
both activators of fibrinolysis and also fibrin split products are swept 
into the systemic circulation. With a simultaneous reduction in the 
inhibitor potential a systemic activation of the fibrinolysis system 
commences. This results in the degradation of fibrinogen with the 
formation of fibrinogen split products and a further impairment of the 
hemostasis system. In the extreme case total defibrination may occur 
with a marked tendency to bleeding. In correspondence with the 
course of the disease the turnover disorder may take an acute or 
chronic course. The impaired clearance function of the reticuloen
dothelial system and the disorders of the portal circulation are said to 
be responsible for perpetuating the turnover disorders, especially in 
chronic consumption coagulopathy in the course of a hepatic cirrhosis 
with portal hypertension. 
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Clinical and Coagulation Analysis Aspects of Hepatogenic 
Hemorrhagic Diathesis 

About 15% of patients with hepatic cirrhosis bleed as a result of 
hemorrhagic diathesis. Excluded are patients with bleeding from 
esophageal varices and hemorrhages from other identifiable bleeding 
sources. The hemorrhagic diathesis manifests itself in mucosal bleed
ing, epistaxis, and bleeding from the gingiva and skin. The latter 
occurs when the plasmatic coagulation system is primarily involved, in 
the form of bruises, suffusions and hematomas; more petechial-type 
bleeding points to a thrombocytopenia. One or more pathological 
coagulation tests are found in 85% of patients with hepatic cirrhosis 
(Fig. 10). 
On coagulation analysis it is a question of differentiating between: 
1. A reduced synthesis of the coagulation factors 
2. An increased consumption of coagulation factors 
3. A change in the inhibitor potential 
4. The occurrence of functionally defective coagulation factors 
5. A thrombocytopenia and a thrombocytopathy. 

Because of the many different pathological mechanisms responsible 
for the hepatogenic disorder of hemostasis, the interpretation of 
pathological changes in coagulation analysis parameters may be dif
ficult and it may prove impossible to classify the hemostatic disorder in 
respect of whether it is a disorder of formation or turnover. 

Disorders of Hemostasis in Various Liver Diseases 

In obstruction of the draining bile ducts (cholelithiasis, tumor compres
sion, biliary cirrhosis etc.) the absorption of lipid soluble vitamin K is 
reduced. A reduction in vitamin K absorption also occurs in malab
sorption syndrome (plancreatic insufficiency, inflammatory diseases 
of the small intestines). After about 10 to 14 days the vitamin Kdepots 
have been exhausted. The Quick value falls by 40 to 50%. The 
intravenous injection of 1 to 5 mg of vitamin K causes the Quick value 
to rise to the normal range within 24 h and, with some reservations, can 
provide information about hepatocellular damage (Koller test). As a 
rule a manifest hemorrhagic diathesis does not occur. 
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The disorder of hemostasis in hepatocellular diseases is characterized 
by a disorder of synthesis and an optional disorder of turnover. The 
extent and proportionate distribution of the coagulation disorders 
depend on the nature, the extent and the course of the liver cell 
disease. 
Because the disorder of hemostasis is often a complex one, it is not 
possible to draw conclusions about the extent and prognosis of the 
hepatic disease on the basis of just one coagulation analysis. Quite 
good information about the development of the disease picture can be 
obtained from short-term serial controls however. 
In acute hepatitis (hepatitis A, hepatitis B, non-A, non-B hepatitis) a 
decrease in the activity of the prothrombin complex factors is a sign of 
a disorder of vitamin K utilization in the postribosomal phase of pro
thrombin formation with a simultaneous more or less marked impair
ment of the protein synthesis performance of the hepatocytes. In 
correspondence with the half-life, Factor VII falls first, followed by 
Factors II, X and IX. 
With Quick values above 50% the Normotest shows a good correlation 
with the impairment of synthesis performance of the prothrombin 
complex and is informative in the initial stage of the impaired liver 
function. In advanced liver disease and where there are low prothrom
bin levels, the Thrombotest provides more reliable information about 
the synthesis performance of the liver cells. During the regression of a 
hepatitis the Repato-Quick and the Normotest show a tendency to 
normalization earlier than the transaminases. With reservations this 
makes it possible to draw conclusions about the prognosis. The 
immunological determination of the prothrombin often results - as in 
other liver diseases - in higher values than the activity measurement, 
so that the vitamin-K-dependent postribosomal completion of the 
prothrombin molecule can be more greatly disordered than the pro
tein synthesis. With a Quick value below 30% the disease can be 

Fig. 10. Coagulation analysis findings in patients with chronic liver diseases. 
A: chronic hepatitis (n = 15); B: hepatic cirrhosis and portal hypertension (n = 
45); C: hepatic cirrhosis, portal hypertension and bleeding from esophageal 
varices (n = 16). (Heene, 1974 b, 1975c). TEG me = thromboelastogram, max. 
amplitude; F. V. = Factor V; PIT = partial thromboplastin time; I = normal 
values; HID control subjects 
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expected to take a severe course. The fibrinogen level may be raised 
because of increased synthesis and first falls in the advanced stage. It is 
influenced by simultaneously occurring increases in turnover of the 
coagulation and fibrinolysis. With progression of the liver damage 
there is a fall in the activities of Factors V and XIII. These can also be 
influenced by increases in turnover. The Factor VIII activity and the 
concentration of the Factor-VIII-associated protein show a distinct 
rise. They become normal as the hapatitis resolves. A persisting 
increase can be interpreted as indicating development into a chronic 
hepatitis. Antithrombin III, plasminogen and alpha2-antiplasmin are 
lowered and may promote an increase in turnover. Secondary liver 
diseases (tuberculosis, sarcoidosis) rarely lead to coagulation changes. 
The form of hepatitis which takes a necrotizing course and severe toxic 
liver damage show a marked disorder of synthesis of the prothrombin 
complex factors and of the other coagulation proteins formed in the 
liver. If the factors of the prothrombin complex fall below 20% of the 
norm, a manifest bleeding tendency occurs. At the same time there is 
often an increase in turnover which can lead to consumption coa
gulopathy. Intrahepatic microthrombosis occurs, and this persists 
because of the absence of plasminogen activator in the liver. This leads 
to further impairment of hepatic function. Fibrin which has not been 
cleared in the liver and is precipitated in the peripheral vascular region 
induces the release of plasminogen activator out of the vascular 
endothelium of the lungs and the rest of the microcirculation, this 
initiating the secondary fibronolysis. The fibrinolysis and the resulting 
hemostasis defect are maintained by the reduced RES clearance in the 
liver for fibrinolysis activators and the fibrinogen-/fibrin split products. 
A thrombocytopenia and a functional thrombocyte defect promote 
the disorder of hemostasis. 
The collapse of the hemostatic potential is documented through the 
following coagulation-analysis parameters: thrombocyte count below 
50 000/mm3 , fibrinogen below 100 mg/lOO ml plasma, Quick value 
below 20%, partial thromboplastin time over 60 s, Factor V below 
20%, thrombin and reptilase times over 30 s, ethanol gelation test 
positive, fibrinogen/fibrin split products in the serum positive. 
In chronic persistant and chronic aggressive hepatitis only discrete 
changes are seen in the form of a reduced synthesis performance (Fig. 
10). As a rule no manifest disorder of hemostasis is present. The 
coagUlation parameters may deteriorate during an acute attack of 
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chronic hepatitis and be additionally influenced by a concomitant 
increase in turnover. A thrombocytopenia of varying extent is present, 
the Factor VIII activity and Factor VIII antigen are raised. 
In liver cirrhosis the coagulation analysis parameters are found to be 
distinctly pathological with a hemostasis defect which in advanced 
stages leads to a manifest hemorrhagic diathesis (Figs. 10 and 11). The 
causes of this are a disorder of synthesis as a result of the reduction in 
functional hepatic tissue and a disorder of turnover through the 
impairment of the RES clearance function and the progressive 
development of a bypass circulation. The synthesis of functionally 
defective fibrinogen leads, via a disorder of fibrin polymerization, to 
an increase in the hemostasis defect. The fibrin concentration may be 
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Fig. 11. Pathogenesis of the hemostasis defect in portal hypertension 
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raised in consequence of a transient increase in synthesis. A hypofib
rinogenemia is due to reduced synthesis, increased diffusion into the 
extravasal space and to an increase in turnover in the form of a 
consumption coagulopathy. This is accompanied by a thrombocyto
penia, which is increased through sequestration of the platelets in the 
spleen. 
The consumption coagulopathy with a secondary increase in fibrinoly
sis is promoted through the reduced clearance capacity of the RES in 
the liver with a simultaneous reduction in the inhibitors antithrombin 
II and alphaz-antiplasmin. Progression of the hemostatic disorder 
found in hepatic cirrhosis occurs in esophageal varices hemorrhage as 
a result of the hypovolemia and hemorrhagic shock. Fibrin monomers 
can be demonstrated in the circulation (ethanol test, FM test). The 
microcirculatory disorder induced through shock is a decisive factor 
for the progression of the increased turnover and consumption co a
gulopathy. Since as a rule hemorrhage of esophageal varices occurs 
independently of the degree of the hemostatic disorder, the latter 
seems to be of subordinate importance for its induction. 
In hepatic cirrhosis the hemostatic defect is represented by the follow
ing coagulation analysis parameters: thrombocytes below 100000/ 
mm3 , fibrinogen below 200 mg/100 ml plasma, Quick value below 
50%, partial thromboplastin time above 50 s, Factor V below 50%, 
thrombin and reptilase times over 50 s, ethanol gelation test negative 
(with increased turnover during esophageal varices hemorrhage 
ethanol test becomes positive), fibrinogen/fibrin split products in the 
serum positive. 
In portocaval anastomosis the reduced clearance capacity of the hepa
tic RES persists. The change in the coagulation analysis parameters is 
due to the reduced synthesis performance of the liver combined with 
an increase in turnover, a thrombocytopenia and a secondary fib
rinolysis. The disorder of hemostasis remains compensated for as long 
as the hepatic disease is stationary. In primary liver tumors and exten
sive hepatic metastases a raised coagulation potential is found with 
hyperfibrinogenemia. A hypercoagulability of the blood gives rise to 
an increased tendency to thrombosis. Coagulation analysis changes 
are seen in primary hepatic tumors in the form of a consumption 
coagulopathy. In cases of liver transplantation a consumption coa
gulopathy is found in the anhepatic phase followed by a secondary 
increase in fibrinolysis, which is due to the transient loss of the hepatic 
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RES and the trauma of the operation. The coagulation changes 
become normal after transplantation of the donor liver and revascula
rization in the course of the next few days. The increased turnover is 
perpetuated if a hypoxically damaged liver is transplanted or a graft 
rejection reaction develops. Intrahepatic microthrombosis develops. 
The thrombocytopenia is due to a consumption reaction and in the 
further course of the condition to immunological processes. 

Treatment of the Hepatogenic Hemostatic Defect 

Treatment of the primary disease comes first, and with its improve
ment the hemostasis also becomes normal. The coagulation-specific 
therapy is merely symptomatic, so as to bridge over or prevent 
episodes of hemorrhagic diathesis resulting from impaired synthesis of 
the coagulation factors, a consumption coagulopathy with and without 
fibrinolysis and also micro- and macrothrombotic events. 
The administration of vitamin K leads at the most to only moderate 
success in respect of the increase in the activities of the prothrombin 
complex factors. To a certain extent the impairment of the post
ribosomal conversion of the prothrombin complex precursors can be 
increased in the active coagulation factors. Taking possible circulatory 
reactions into account, the administration should be carried out 
intravenously. 10 mg of vitamin K per week is sufficient. With a higher 
dosage a further fall in the Quick value has occasionally been found, 
this being due to the conversion of vitamin K into vitamin K epoxide, 
which does not possess any functional activity, but which competi
tively inhibits the action of vitamin K. 
If blood transfusions are necessary for hemorrhagic complications, 
then preference should be given to fresh plasma and erythrocyte 
concentration (Table 11). Stored blood products contain activated 
coagulation products and thrombocyte aggregates which have a pro
coagulatory action and are sequestered in the pulmonary circulation. 
Stored blood is of no hemostatic value, because in the course of the 
storage a decrease takes place in the activity ofthe coagulation factors, 
especially of the labile Factors V and VIII. The use of factor concen
trates to eliminate the hemostatic defect is problematical. 
As a result of the preparation process the factor concentrates contain a 
certain percentage of activated coagulation factors which have a pro-
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coagulatory action. Prothrombin complex preparations should only be 
given if the hemostasis potential has been completely exhausted and 
for uncontrollable hemorrhage; if it is justified on the basis of the 
hemorrhagic diathesis they should be given together with small 
amounts (5000 to 7500 IU/24 h) of heparin. Fibrinogen substitution 
may be necessary in the context of a defibrination syndrome. Fibrino
gen preparations and Cohn's fraction I are available. The latter addi
tionally contains Factors V and VIII. The dose amounts to 2 g to 3 g of 
fibrinogen per 8 to 12 h. The concomitant administration of heparin is 
to be recommended. Preference should be given to the administration 
of fresh plasma or fresh frozen plasma. Compensation of the hemos
tasis can be achieved with ca. 1 liter of fresh plasma in most cases. 
Surgical procedures can be carried out once the concentration of the 
factors has reached 50% of the norm and the fibrinogen lies above 
100%. Over-compensation may be accompanied by thromboembolic 
complications. 
The therapeutic action of heparin treatment is doubtful. As a rule an 
additional defect of hemostasis is created, without any recompensa
tion of the coagulation disorder through an increase in the factors, 
which is what is desired by interrupting the assumed increase in turn
over. Heparin seems to be indicated only if fibrin monomers can be 
demonstrated in the plasma (ethanol test) and in esophageal varices 
hemorrhage with a state of shock in which the development of a 
consumption coagulopathy is to be assumed. The mean dosage lies at 
10000 IU to 15000 IU/24 h, corresponding to 150 IU to 200 IU/kg 
bodyweight and 24 h. Monitoring by means of the thrombin time is of 
no use, because this is prolonged through the complex disorder of 
hemostasis with hypofibrinogenemia and fibrin/fibrinogen split pro
duct complexes. 
Substitution can be performed with antithrombin III concentrates. 
Through this physiological inhibitor of coagulation and fibrinolysis an 
increased turnover can be successfully suppressed. The mean dosage 
amounts to 1000 IU to 2000 IU per day. In some cases heparin therapy 
is not necessary. 
Apart from a few exceptions antifibrinolytic agents are contraindi
cated. Epsilon-aminocaproic acid and equivalent preparations can 
increase a consumption reaction with fibrin deposition in the 
peripheral vascular region. In cases of marked fibrinolysis the use of 
aprotinin is justified. In contrast to epsilon-arninocaproic acid it 
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inhibits plasmin directly. The mean dosage amounts to 500000 KIU to 
2 million KIU/24 h. Simultaneous hvparinization should be consi
dered. 

Cardiopulmonary Bypass 

During cardiac surgery with extracorporeal circulation a coagulation 
disorder necessarily occurs during the operation and in the postopera
tive period. Intraoperatively this is due to the need for heparin anti
coagulation. The initial dose of heparin before being connected to the 
heart/lung machine amounts to 200 to 300 (up to 400) I. U.lkg body
weight. 100 to 150 I. U .Ikg are given every hour after the start of the 
bypass. The neutralization of the heparin at the end of the bypass time 
is carried out with 150 to 200 (up to 300) I. U. protamine chloride 
(Roche )/kg bodyweight. The ratio of the total dose of heparin to that 
of protamine chloride should be roughly 1:0.5-0.8. In addition there 
is a disorder of hemostasis induced by the nature of the surgical 
procedure, which persists after the operation has been completed and 
if there are no complications, resolves within 2 to 4 days. Apart from 
the heparinization, changes in the coagulation system during and after 
cardiac surgery and extracorporeal circulation are due to the following 
causes. As a result of the operation trauma thromboplastic substances 
are released into the circulation. The lungs and pleura in particular are 
rich in procoagulatory substances and activators of fibrinolysis. An 
activation of coagulation and fibrinolysis is induced through contact of 
the blood with the foreign-body surfaces ofthe bypass-system. Procoa
gulatory substances are released through the hemolysis of mechani
cally damaged erythrocytes. The thrombocytes develop functional 
defects and increased turnover. If there are fairly heavy blood losses, 
an additional disorder of hemostasis is caused by transfusions. Post
operative circulatory insufficiency or a state of shock leads to 
increased turnover in the form of a consumption coagulopathy with 
and without concomitant secondary fibrinolysis. With impaired clear
ance function of the RES the disseminated microthrombosis aggra
vates the shock process. A generalized bleeding tendency develops 
through the exhaustion of the hemostasis potential in the systemic 
blood. The following changes can be demonstrated in the coagulation 
system. Neglecting the dilution effect resulting from the filling volume 
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of the extracorporal circulation the thrombocytes fall to 50 to 70% of 
their baseline value. The disorder of thrombocyte function becomes 
apparent in a reduced capacity of the platelets for adhesion and 
aggregation, which is accompanied by the release of platelet-specific 
constituent substances. A prolonged bleeding time is the consequ
ence. Even when there are no complications, a fall regularly occurs in 
the Quick value, the fibrinogen, and the activity of Factors II, V, VIII 
and X. The Factor VIII antigen is raised. A reduced plasminogen and 
antithrombin III level is also measured. The activities and concentra
tions of the clotting factors fall to 50% of the norm. The fibrinogen 
fibrin split products are regularly raised. The ethanol gelation test is 
positive in a large number of the patients. The defect of thrombocyte 
function and increased fibrinolysis are considered to be primarily 
responsible for the coagulation disorder observed and the hemor
rhagic diathesis. The disorder of thrombocyte function is increased 
through the known or unknown perioperative administration of aggre
gation inhibitors, analgesics, diuretics and antibiotics. A primary fib
rinogenolysis leads to a fall in the fibrinogen and in the activities of 
Factors V and VIII and might suggest a disseminated intravascular 
coagulation. A consumption coagulopathy with a progressive fall in 
the coagulation factors becomes of increasing importance if multiple 
transfusions are necessary, and if circulatory shock and sepsis are 
present. Postoperative coagulation defects might additionally be due 
to the continuing action of heparin with an underdosage of protamine, 
in the heparin-rebound phenomenon and with an overdosage of pro
tamine. In the latter case arrhythmias, thrombocytopenias and 
increased fibrin polymerization may occur. These phenomena regress 
in the early postoperative phase however. A coagulation disorder 
increases in dependence on the intra- and postoperative blood losses 
and the length of the bypass time. 
Assuming a normal preoperative coagulation status, the perioperative 
coagulation analysis comprises determinations of the bleeding time, 
the Quick value, the thrombin time, the reptilase time, the thrombo
cyte count and the serum concentration of split products. 
During the early postoperative phase 80% of the patients show coagu
lation analysis changes within the first 18 h, which however, do not 
militate against adequate hemostasis. In 20% of the cases a marked 
defect of hemostasis is present which can cause a manifest hemor
rhagic diathesis. Heavier bleeding occurs in 5 to 25% of the operated 
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patients (blood loss of more than 5 ml/kg per hour). In cases 
with postoperative bleeding from the operation area one has 
to decide whether the hemorrhage is due to special circumstances 
in the operation area or inadequate surgical hemostasis, or whether 
and to what extent a disorder of hemostasis is causally responsible. 
Local fibrinolysis cannot be demonstrated by coagulation analysis on 
the systemic blood. Hemorrhages due to the surgical operation are 
often combined with coagulation disorders, making it difficult to 
decide for or against a repeat operation. Apart from the coagulation 
analysis findings, the clinical situation must also be taken into account 
in making the decision. A diffuse tendency to bleeding, a state of shock 
and the need for multiple transfusions argue in favor of a defect of 
hemostasis. 
For blockade of the fibrinolysis it is recommended that 4 to 6 g of 
epsilon-aminocaproic acid should be given immediately postopera
tively, in cases of hyperfibrinolysis 10 to 20 g of epsilon-aminocaproic 
acid/24 h or 1.0-3.0 g AMCHA (Vgurol)/24 h. Caution is advisable if 
circulatory insufficiency is present. Alternatively aprotinin (Trasylol) 
can be considered in a dose of 500000 KIV to 3 million KIV/day. 
The prophylactic administration of Trasylol, which commences 
preoperatively and is continued with for 3 days (3 million KIV 
perioperatively, then 1.5-2.0 million KIV per day), significantly 
reduced the postoperative blood loss. Fresh plasma given at the end of 
the surgical operation is particularly suitable for correcting the defect 
of hemostasis because of its content of nonactivated coagulation fac
tors and inhibitors of coagulation and fibrinolysis. It is recommended 
that during the postoperative period, especially if a consumption 
reaction is present, heparin should be infused in a dosage of 15000 IV 
to 20000 IV/day (corresponding to ca. 200 to 300 V/kg bodyweight and 
day). Factor concentrates are only justified in exceptional cases. 

Massive Transfusion 

By massive transfusion is meant a rapid single transfusion of 2500 ml 
and/or the transfusion of 5000 ml of whole blood within 6 to 24 h, and 
by rapid transfusion is meant the administration of about 100 ml of 
blood/min. The coagulation disorder which occurs during multiple 
transfusions depends: 
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1. on the nature and amount of the transfused whole blood, of the 
blood fractions and also the additionally infused plasma replace
ment substances (dextrans, hydroxyethyl starches, gelatins) and 
crystalline solutions; 

2. on the patient's own compensation mechanisms for a transfusion
induced disorder of hemostasis. Thus it is influenced by the primary 
disease, an existing state of shock, the RES function, a preexisting 
increase in turnover or a hemostatic disorder of some other kind. 
The coagulation analysis to determine localization is not easy. As a 
rule the hemostatic disorder can only be classified with the help of 
the clinical picture and the course of the condition (Fig. 12). 

The influence which can be expected on hemostasis can be deduced 
from the composition and age of the available blood products and 
fractions. ACD whole blood is stored for up to 21 days. Fresh blood is 
considered to be warm blood if it is not cooled after being taken and is 
transfused within 4 hours as far as possible. The thrombocytes and 
clotting factors are completely functional. Blood stored for up to 3 
days is described as fresh blood; it should not be more than 6-7 days 
old. The hemolysis increases greatly from the 9th day. With transfu
sion after 21 days only 70% of the erythrocytes can still be demons
trated in the recipient blood 24 h after transfusion, for which a normal 
life-span can be assumed. ACD blood is diluted 1: 4 and thus has a 
lower amount of hemoglobin and protein than normal blood. After 24 
to 72 h the coagulation Factors V and VIII have fallen to below 50% of 
the norm through proteolytic degradation. Fibrinogen undergoes 
progressive degradation with the occurrence of split products. The 

Fig. 12. Relationships between massive transfusion and coagulation disorder 
and the therapeutic influence of fresh plasma, heparin and antithrombin III 
(AT III) 
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prothrombin complex remains functional for a long time, but its activ
ity also falls, especially that of Factor II. Only 20-30% of Factor XIII 
can still be demonstrated after 3 days. The content of inhibitor is 
reduced. The functional capacity of the thrombocytes is reduced after 
3 h and has largely been extinguished after 48 hours. There are no 
thrombocytes in blood stored for more than 7 days; platelet aggregates 
can be demonstrated. Lipids with a procoagulatory potency are 
released from thrombocytes and erythrocytes. 
In fresh blood (450 ml) with a normal thrombocyte count (225000 ± 
75 000/mm3) , 1.0 x 1011 ± 0.3 x 1011 thrombocytes are found. In 
platelet-rich plasma (220 ml) which is fresh and is not older than 4 h, 
0.7 to 0.9 x 1011 thrombocytes can be demonstrated. In platelet 
concentrate (20-50ml) 0.5 toO.7 x 1011 thrombocytes are found. If no 
increased turnover is present the haJf-life of thrombocytes in the 
patient's plasma after 4 to 5 hours of storage amounts to 4.6 days with a 
recovery of 34%; after storage for 24 h at room temperature the haJf
life lies at 2.7 days with a recovery of 20%. Platelets transfused within 6 
h are said to retain their function in vivo for 48 to 72 h. 
A total of 100 to 150 ml of plasma citrate mixture are taken from an 
erythrocyte preparation. The hematocrit lies between 60 and 70%. 
The thrombocytes and leukocytes are not removed. Erythrocyte con
centrate has a hematocrit of 70 to 80%, contains all the thrombocytes 
and leukocytes and has a plasma component of 15%. Through removal 
of the so-called buffy coat the thrombocyte and leukocyte count falls to 
below 10% of the original preparation, the plasma component lies at 
1 %. Washed erythrocytes no longer contain any thrombocytes and 
leukocytes and the plasma component lies below 18%. The coagula
tion-active plasmatic and corpuscular components progressively 
decrease in correspondence with the treatments described. 
Fresh plasma should be transfused within 4 h after the blood has been 
taken. The clotting factors, the inhibitor potential and the thrombo
cytes are functional and present in normal concentrations. Fresh fro
zen plasma should be frozen within 4 h. 
The massive transfusion of whole blood has metabolic and hemody
namic effects on the body through overloading with citrate, initial 
acidosis and later alkalosis, a possible hyperkalemia, the rise in lac
tate, through the reduction of 2,3-diphosphoglycerate of the circulat
ing erythrocytes with increased oxygen affinity and through blood 
which is infused too cold with vasoconstriction and cardiac arrhyth-
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mias. As already mentioned stored whole blood does not contain any 
material with a hemostatic action. With the progressive increase in the 
amount transfused a dilution and washout effect occurs leading to a fall 
in all the coagulation factors and in the thrombocytes and thus to a 
progressive defect of hemostasis which ultimately becomes a manifest 
hemorrhagic diathesis. A hemorrhagic diathesis regularly occurs after 
15 transfusions; the thromboplastin time and the partial thromboplas
tin time become increasingly prolonged. If more than 15 transfusions 
of whole blood are needed, as far as possible only blood which is up to 
24 h old should be used. The hemostasis defect which is induced 
through dilution is subsequently overlaid by an increase in turnover. 
Thrombocyte aggregates obstruct the pulmonary circulation and the 
systemic peripheral vascular region and lead to the picture of so-called 
transfusion lung. The use of microfilters (pore size 25 -40 IJ.) instead of 
the previously used filters (pore size 170 IJ.) is essential. In circulatory 
shock in particular, heparinization is necessary (ca. 7500 to 15000 IV 
heparinl24 h). No microfilters need be used when fresh blood or fresh 
plasma are transfused. Heparinization should be carried out after 6 to 
8 transfusions of whole blood. 
For massive transfusions the administration of whole blood has 
been replaced by transfusions of erythrocyte concentrates and fresh 
plasma adapted to the situation. After 3-4 units (V) of erythrocyte 
concentrates it is advisable to give 1 V fresh plasma. One unit 
of a clotting factor per kilogram bodyweight (1 V corresponds to 
100% activity of the clotting factor in 1 ml plasma) increases the factor 
concentration in the recipient plasma by about 1-2%. In some cases a 
moderate consumption reaction can already be compensated for with 
500 ml to 750 ml offresh plasma. If it is a case of hemorrhage following 
anticoagulation with coumarin derivatives, 6 to 8 day old blood is 
sufficient, because the factors of the prothrombin complex are rela
tively stable. Thrombocyte substitution is not necessary except for 
thrombocytopenic hemorrhage (leukoses, panmyelophthisis). As a 
rule fresh blood does not lead to a distinct rise in the thrombocyte 
count. A hemostatic effect is nevertheless observed with the trans
fused, functional thrombocytes. Thrombocyte counts of between 
60000 and 90000/mm3 are sufficient. If thrombocytes are needed, an 
effect can be achieved with 4 to 8 V of platelet-rich plasma and 8 to 16 
V of platelet concentrate. A further transfusion is necessary after 1 to 3 
days. 
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The disorder of hemostasis due to the transfusion can be complicated 
by the primary disease. Following mUltiple trauma, fat embolism and 
circulatory shock an activation of coagulation is induced, which can 
lead via a hypercoagulability into a consumption coagulopathy. The 
clearance capacity of the RES is reduced in these cases. In cases of 
hemorrhage erythrocyte concentrates and fresh plasma or freshly 
frozen plasma are indicated. Concomitant heparin therapy is generally 
necessary (Table 11). The shock must be combated first of all and once 
this has been achieved the disorder of hemostasis induced by the shock 
also regresses. The therapist often finds himself confronted by a vici
ous circle, in which a hemorrhage leads to circulatory shock and this in 
turn aggravates the tendency to bleeding through a disorder of coagu
lation with consumption coagulopathy (Fig. 6). A hypercoagulability 
is present in patients with tumors, sepsis and during the postoperative 
phase. Fibrinolysis may predominate during operations on the pros
tate and lungs. If hemorrhage develops in hemophilia, the transfusion 
concept is modified through the additional administration of appropri
ate factor concentrates. If hemorrhage develops during anticoagula
tion with coumarin derivatives, adjuvant therapy with prothrombin 
complex preparations may be necessary. The same applies to the 
hemorrhage of esophageal varices or bleeding from the intestinal tract 
in patients with hepatic cirrhosis. 
If fresh blood or fresh plasma are not available in adequate amounts, 
one is forced to give Cohn's fraction I, cryoprecipitates, prothrombin 
complex and fibrinogen if the hemostatis potential has been 
exhausted. These should be given cautiously and with simultaneous 
heparin protection, because procoagulatory material is transfused. It 
is sufficient to transfuse up to the minimally effective concentration of 
the factors. Complete replacement of the coagulation potential is not 
necessary and is associated with additional risks in respect of the 
induction of a consumption coagulopathy and disseminated 
intravascular coagulation. Antifibrinolytics are indicated only if a 
distinct increase in fibrinolysis is demonstrated and if local activation 
of fibrinolysis is to be assumed in the region of extensive wound 
surfaces of organs rich in activator, such as the lungs, pancreas, pleura, 
uterus and prostate. Aprotinin is to be preferred to epsilon-aminocap
roic acid and similar preparations. 
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Hemorrhagic Diathesis in Monoclonal Gammopathies 

Occasionally hemorrhagic diatheses are observed in multiple 
myelomas and Waldenstrom's macroglobulinemia. Apart from 
patients with prolonged bleeding times, the degree of propensity to 
bleed is only loosely connected with the altered coagulation analysis 
parameters. The changes in the coagulation system show a certain 
relationship with the degree of paraproteinemia. Prolongation of the 
thrombin time takes the most important place. It can be explained as 
an antithrombin effect and/or as interference of the paraproteins with 
fibrin polymerization. Prolongation of the thromboplastin time and 
the partial thromboplastin time, and also a moderate decrease in 
individual coagulation factors occur. Functional defects of the 
thrombocytes have been described, accompanied by decreased adhe
sion and aggregation of the thrombocytes and a longer bleeding time. 
Therapy consists of treating the basic disease. 

bnmunocoagulopathies 

Immunocoagulopathies are acquired coagulation defects. They occur 
as a rule in the course of substitution treatment for a congenital 
hemorrhagic diathesis. On account of the frequency of hemophilia A, 
antibodies against factor VIII predominate, and in the second place, in 
hemophilia B, those against factor IX. Their origin, clinical aspect, 
diagnosis and treatment have been described earlier. Antibodies have 
also been found in treatment for congenital formation defects of 
factors I, V, XI and XIII. Antibodies with corresponding hemorrhagic 
diathesis occur even in people who are not primarily hemophilia 
patients. They are observed in patients with autoimmune diseases in 
which immunological processes are involved, such as collagenosis, 
bronchial asthma, ulcerous colitis, regional enteritis, arteritis, after 
penicillin treatment and diseases of the lymphoreticular system. After 
pregnancy -1 week to 1 year after the birth of the child - and in elderly 
people, inhibitors appear, mainly against factor VIII, spontaneously 
and without any recognizable cause. The antibodies belong mainly to 
the IgC class. In lupus erythematodes disseminatus an acquired anti
body against prothrombin activator complex consisting of factor Xa, 
factor V and phospholipid has been described. It belongs to the 
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immunoglobulin class IgG or the IgA and IgM fraction. Most patients 
with so-called "lupus anticoagulans" have no tendency to bleed. Even 
thrombo-embolic complications can be observed. A hemorrhagic 
diathesis occurs only when a second hemostatic defect is present. In 
the rare cases of acquired von Willebrand-Jiirgens syndrome an 
inhibitor against the factor VIII antigen has been identified. 
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