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PATHOLOGICAL FIBRINOLYTIC STATES AND THEIR TREATMENT 
WITH EPSILON AMINOCAPROIC ACID (EACA) 

BY G. P. McNICOL, M. K. BROWNE, CAROLYN BAYLEY, AND A. S .  DOUGLAS 
GLASGOW ROYAL INFIRMARY 

IN recent years it has become appreciated that 
disordered fibrinolytic activity complicating surgical 
operations may sometimes lead to acute failure of 
haemostasis, and it is the purpose of this paper to 
present an account of the biochemical aspects of the 
fibrinolytic coagulation defect, the circumstances 
under which it may arise, and the use of epsilon 
aminocaproic acid (EACA) in its treatment. 

THE FIBRINOLYTIC ENZYME SYSTEM 
There is evidence to suggest that the fibrinolytic 

enzyme system has a physiological role, comple- 
mentary to that of the coagulation system, in main- 
taining an intact patent vascular tree. The two 
systems are probably in a state of dynamic equi- 
librium. The coagulation system ensures that 
deficiencies which may appear in the vascular endo- 
thelium are sealed with a haemostatic fibrin plug, 
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FIG. I.-Diagram to show how plasminogen is converted to 
plasmin, a proteolytic enzyme. by activator. 

and the fibrinolytic system prevents vascular occlusion 
by promoting the lysis of intravascular fibrin when 
endothelial repair has been completed. It is also 
probable that fibrinolytic activity in the tissues 
removes fibrin during processes of repair. 

The fibrinolytic enzyme system is complex, but 
its main components are plasminogen, plasmin, 
activators, and inhibitors. Plasminogen, a normally 
inert plasma globulin, is converted by activators to 
plasmin, a proteolytic enzyme (Fig. I). Plasminogen 
activators, themselves highly specific proteolytic 
enzymes, convert plasminogen to plasmin by splitting 
off certain peptides. Activators are present in most 
tissues of the body, including especially the lungs, the 
prostate, the thyroid, and the uterus. Plasma 
activator, present in trace quantities in normal 
plasma, is responsible for physiological fibrinolytic 
activity. It is increased in amount by adrenaline 
injection, and after exercise and other stressful 
circumstances. A urinary activator named urokinase 
may represent in part at least excreted plasma 
activator, and many bacteria produce activators, 
the most important being streptokinase, produced by 
certain strains of streptococci. 

Plasmin can digest many proteins including fibrin, 
fibrinogen, other coagulation factors, e.g., factor V 
and antihaemophilic globulin. In vivo, antiplasmins 
largely restrict plasmin to digestion of fibrin. Plasma 
contains two antiplasmins, one of which reacts 
slowly, the other quickly, with plasmin. The total 

concentration of plasma antiplasmins exceeds that of 
plasminogen, i.e., exceeds potential plasmin levels. 
Accordingly, as is always the case under physiological 
circumstances, if plasmin formation takes place 
relatively slowly, plasmin is bound as it is formed by 
antiplasmin, and no free plasmin appears in the 
circulation. In thrombi, on the other hand, where, 
because of the affinity of plasminogen for fibrin, 
plasminogen levels are relatively high and effective 
antiplasmin levels are low, a different situation 
pertains. As activator diffuses into thrombi from the 
circulation, free plasmin is found in close association 
with fibrin, which is digested-the process of 
thrombolysis. For a more detailed discussion of the 
physiological mechanisms involved, the review 
articles by Sherry, Fletcher, and Alkjaersig (1959) 
and McNicol and Douglas (1964a) should be 
consulted. 

PATHOLOGICAL FIBRINOLYTIC ACTIVITY 
When large amounts of plasminogen activator are 

suddenly released into the circulation, plasma plas- 
minogen is rapidly converted to plasmin, with 
temporary overwhelming of the antiplasmin mechan- 
ism and the appearance of free plasmin in the 
circulation. As a consequence of this hyperplasmin- 
aemia, certain plasma proteins are subject to digestion. 
Susceptible proteins include fibrinogen, prothrombin, 
and certain of the factors involved in plasma thrombo- 
plastin formation. Digestion of fibrinogen is particu- 
larly important because, as has been shown by 
Fletcher, Alkjaersig, and Sherry (1962), when 
fibrinogen is attacked by plasmin, breakdown 
products are produced which interfere with fibrin 
polymerization. Normally fibrinogen conversion to 
fibrin is mediated by thrombin, a highly specific 
proteolytic enzyme, which splits off certain peptides 
from fibrinogen to form fibrin monomer. Fibrin 
monomers condense to form fibrin polymer, which 
undergoes gelation to form the final visible clot. 

One of the breakdown products formed by the 
digestion of fibrinogen by plasmin has sufficient 
similarity to fibrin monomer to become caught up 
with it when it polymerizes, but when incorporated 
with fibrin monomer it causes a breakdown in normal 
polymer formation. As a result, clot formation is 
delayed and defective. The abnormal friable nature 
of the clots formed in the presence of fibrinogen 
breakdown products can be seen on naked-eye 
inspection, and their structural abnormality has been 
demonstrated with the electron microscope (Bang, 
Fletcher, Alkjaersig, and Sherry, 1962). 

As a consequence of defective fibrin polymerization, 
such clots as do form are friable and more than usually 
susceptible to lysis. The potentially life-threatening 
coagulation defect associated with hyperplasminaemia 
is due in large measure to defective fibrin polymer- 
ization, but depletion of coagulation factors and in 



McNICOL E T  AL. : PATHOLOGICAL FIBRINOLYTIC STATES 27 

some circumstances acceleration of clot lysis also play 
a part. 

HYPERPLASMINAEMIC STATES 
Causes.-Pathological fibrinolytic states, with 

hyperplasminaemia due to release into the circulation 
of large amounts of plasminogen activator, are 
particularly liable to occur when tissues rich in 
plasminogen activator have been handled, e.g., after 
thoracic surgery, especially cardiac surgery with 
extracorporeal circulation. Anoxia is an important 
trigger, for release of plasminogen activator and 
pathological fibrinolytic activity is probably more 
liable to occur when there has been cardiac arrest or 
severe hypotension. Fibrinolytic states occur in 
obstetrics and may occasionally occur in patients with 
prostatic carcinoma, especially if metastases are 
present, and have also been reported in association 
with pancreatic neoplasm, leukaemia, and cirrhosis of 
the liver. For a review of the literature on the clinical 
causes of fibrinolytic states, the article of Sharp (1964) 
should be consulted. The genesis of the coagulation 
defect in pathological fibrinolytic states is extremely 
complex; it is possible that in some cases at least the 
initial event is release into the circulation of tissue 
thromboplastin with intravascular clotting, the fibrino- 
lytic activity being secondary to this (Schneider, 

I t  is probable that a minor degree of hyper- 
plasminaemia, not clinically apparent as a failure of 
haemostasis, may occur in many surgical procedures, 
especially where much tissue dissection is necessary. 
Fig. 2 shows results obtained in 10 patients from 
whom blood samples were obtained before, during, 
and after synchronous combined abdominoperineal 
excision of the rectum for either carcinoma of the 
rectum or ulcerative colitis. In no case was there 
thought to be defective coagulation during operation. 
The fibrin plate test and the euglobulin lysis test are 
sensitive in detecting the presence of plasminogen 
activator in the plasma and both tests show a striking 
rise in activator levels. There is also a trend towards 
a drop in plasminogen and fibrinogen levels, but the 
changes are not statistically significant, and there is 
a minor coagulation defect as shown by the rise in 
the thrombin clotting times, though once again the 
change is not statistically significant. 

Diagnosis.-This diagnosis can be made when a 
patient with a predisposing clinical condition is found 
to have incoagulable blood or a prolonged whole-blood 
clotting time, prolonged prothrombin time, and, 
essential to the diagnosis, low or zero plasma 
plasminogen levels. Accelerated clot lysis may or may 
not be present. It would appear likely that activator 
release into the circulation may be a transient 
phenomenon and that the activator probably has a 
very short half-life in the circulation (Fletcher, 
Biederman, Moore, Alkjaersig, and Sherry, 1964). If 
the patient is seen when activator levels have returned 
to normal and plasminogen is depleted because of 
previous activator release, clot lysis times may be 
normal or prolonged. 

Intravascular fibrin formation, due possibly to the 
release of thromboplastic substances into the circu- 
lation, may occur in the same clinical states as are 
sometimes complicated by hyperplasminaemia, 
and differentiation of hyperplasminaemia from 

1959). 

intravascular clotting may be very difficult. In  both 
conditions, fibrinogen is low and the prothrombin 
time prolonged. Other coagulation factors, erg., 
factor V, may be depleted due to their consumption 
in the coagulation process or to digestion by plasmin, 
and a low platelet count may follow intravascular 
fibrin formation or multiple transfusion. However, 
as plasminogen levels do not fall during coagulation a 
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PIG. 2.-The effect of synchronous combined abdomino- 
perineal excision of the rectum on coagulation and fibrinolytic 
factors-mean values and standard deviations are shown for 
observations in 10 patients. The assay methods used are described 
in McNicol and Douglas (1964a). 

low plasminogen value will establish the diagnosis of 
a recent hyperplasminaemic state. 

FIBRINOLYTIC INHIBITORS 
Until recently, the diagnosis of fibrinolytic states 

was largely an academic exercise, because no effective 
therapy was available. Recently, however, a synthetic 
amino acid, epsilon aminocaproic acid (EACA), a 
potent inhibitor of the fibrinolytic enzyme system, 
has become available for therapeutic use. 

Two classes of fibrinolytic inhibitor exist : those 
acting on the conversion of plasminogen to plasmin- 
anti-activators-and inhibitors of the action of formed 
plasmin-antiplasmins. There are several natural and 
synthetic inhibitors of both types, but the only 
potent inhibitor so far adequately evaluated, which 
is effective in vivo in safe dosage, is EACA:- 

NH, -C---C- C C ~C--COOH 

At concentrations of IO-." M and higher, EACA is a 
competitive inhibitor of plasminogen activation and 
at concentrations of I O - ~  M and higher is also a 
non-competitive inhibitor of plasmin. 

Dosage of EACA.-EACA is rapidly absorbed 
after oral administration; peak plasma levels are 
achieved in about 2 hours. Renal excretion is rapid. 
At therapeutic plasma levels, renal clearance rates of 
EACA are about 75 per cent of endogenous creatinine 
clearance, and urinary concentrations are 50 to 
100 times plasma concentrations. Plasma levels in 
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the therapeutic range, about 15 mg. per IOO ml., can 
be achieved and maintained by oral or intravenous 
administration of a loading dose of about 5 g., 
followed by I g. per hour (McNicol, Fletcher, 
Alkjaersig, and Sherry, 1962). EACA can be given by 
intravenous infusion, mixed with any intravenous 
fluid, but, because of a risk of hypotension if large 
quantities are rapidly infused, the 5-8. initial dose 
should be given over 30 minutes. 
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FIG. 3.-The effect of EACA therapy in a patient with a 
hyperplasminaemic state and a life-threatening coagulation defect 
after excision of the rectum. Bleeding ceased within a few minutes 
of beginning EACA therapy. 

Toxicity of EACA.-In patients with pre- 
existing vascular disease there is probably a real but 
remote hazard of inducing intravascular thrombosis 
with EACA therapy. Side-effects noted have included 
hypotension, dizziness, and gastro-intestinal upsets. 
In  some, but not all, animal species it has been 
reported that when EACA is given in very large doses 
it causes subendocardial haemorrhages, and when 
given to pregnant rats EACA has been shown to be 
teratogenic. 

INDICATIONS FOR EACA THERAPY 
I. Hyperplasminaemic States.-EACA should 

be given when a firm diagnosis of a hyperplasminaemic 
state has been made. The diagnosis should be 
considered when a patient with a predisposing clinical 
condition is found to have a generalized failure of 
haemostasis, with a prolonged whole-blood clotting 
time, or incoagulable blood. Laboratory confirmation 
of the diagnosis is obtained if clot lysis is accelerated, 
the thrombin clotting time (the time taken for a clot 
to form in citrated plasma on the addition of thrombin 
under standard conditions) is prolonged, and plas- 
minogen and fibrinogen are depleted. 

In  acute emergencies, time may not permit carrying 
out plasminogen and fibrinogen assays, and in such 
circumstances a working diagnosis can be based on a 
prolonged whole-blood clotting time and accelerated 
whole-clot lysis (say, a whole-clot lysis time under 
I hour at 37" C.), and EACA therapy instituted. If 
whole-clot lysis is not grossly accelerated and there is 
an acute haemostatic emergency which has not been 
controlled by blood transfusion, there should be a 
trial of therapy with intravenous hydrocortisone 
(roo mg. hydrocortisone hemisuccinate) followed by 
infusion of 8 g. fibrinogen. If in 20-30 minutes 
haemostasis has not been improved by these measures, 
EACA should be given. Considerations relating to 

the use of EACA are discussed in a recent review 
article (McNicol and Douglas, 1964b). 

Case Report.-Typical features of a hyperplasminaemic 
state treated with EACA are illustrated in Fig. 3. During 
excision of the rectum in a 30-year-old woman with ulcera- 
tive colitis, oozing of blood was noted to be excessive, and 
bleeding from the perineal wound continued after opera- 
tion, despite repacking. Seven hours after surgery the 
patient had a cardiac arrest. Resuscitation was by open- 
heart massage, and bleeding in the chest and from the 
perineal wound increased despite fibrinogen infusion. At 
this time the blood was apparently incoagulable, but it was 
possible to produce clotting with thrombin in the labora- 
tory, the thrombin clotting time being 93 seconds (normal 
9-11'5 seconds). The lysis time of the clot formed with 
thrombin was 30 minutes (normal at least 24 hours, and 
usually 72 hours or above). Plasminogen, normally 
2-3'5 units per ml., was zero, and fibrinogen, normally at  
least zoo mg. per IOO ml., was 40 mg. per 100 ml. 

EACA was given intravenously as shown in Fig. 3. 
After a loading dose of 5 g., I g. per hour was given for 
5 hours, then 0.5 g. per hour. Transfusion requirements 
from the beginning of the operation until EACA was 
given were 39 pints. Within 5 minutes of giving EACA, 
bleeding ceased and did not recur; the patient's course 
thereafter was uneventful. The progressive return towards 
normal of the laboratory tests can be seen in this figure. 

Laboratory Investigation of Fibrinolytic States.- 
For a detailed description of the laboratory methods 
used in the study of fibrinolytic states, the article of 
McNicol and Douglas (1964a) should be consulted. 

2. Use of EACA in the Control of Local 
Fibrinolytic Activity in the Urinary Tract.- 
Normal urine contains large amounts of a fibrinolytic 
activator named urokinase, and McNicol, Fletcher, 
Alkjaersig, and Sherry (1961) have demonstrated that 
inhibition of urokinase by EACA strikingly improves 
postoperative haemostasis after prostatectomy. Given 
to patients after transurethral prostatectomy, EACA 
reduced postoperative blood-loss by 75 per cent as 
compared with control patients not given EACA, and 
a 50 per cent reduction in blood-loss was seen with 
EACA in patients after suprapubic prostatectomy. As 
EACA is concentrated in the urine during excretion, 
adequate urinary levels can be maintained by 
administration of 8 g. EACA daily in divided doses. 
Because of the hazard of inducing vascular occlusion, 
the use of EACA should be restricted to patients in 
whom uncontrolled haematuria represents a major 
threat to life or health. 

CONCLUSION 
Though relatively infrequent, pathological fibrino- 

lytic states causing a complex and life-threatening 
haemostatic failure may occasionally complicate 
major surgical operation, and the fibrinolytic in- 
hibitor epsilon aminocaproic acid (EACA) should be 
available in all operating rooms for use in the treat- 
ment of such conditions. EACA is also of value 
in the treatment of protracted haematuria after 
prostatectomy. 

Thanks are due to Mr. A. A. Bonar for permission 
to publish the clinical data, and to Professor E. M. 
McGirr for his interest in this work. G. P. McNicol 
and A. S. Douglas are grateful to the Medical 
Research Council for financial assistance. EACA 
('epsikapron') was kindly provided by Dr. Hans 
Dahlstrom of Kabi Pharmaceuticals. 
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SEXUAL DYSFUNCTION FOLLOWING RECTAL EXCISION FOR 
ULCERATIVE COLITIS 

BY R. E. MAY* 
SURGICAL REGISTRAR, MIDDLESEX HOSPITAL, AND RESEARCH DEPARTMENT, ST. MARK’S HOSPITAL, LONDON 

ULCERATIVE colitis is primarily a disease of young 
adults. In the more severe cases, failure of medical 
treatment necessitates surgery. The procedure that 
will be adopted will depend on the portion of bowel 
most severely affected, but in the majority of patients 
proctocolectomy is necessary. 

I t  was pointed out by Williams, Watson, and 
Goligher, in 1951, that there was a significant 
incidence of sexual dysfunction in men following 
abdominoperineal resection of the rectum for carci- 
noma. They found that about 30 per cent were 
impotent and of the remainder only about 60 per cent 
(i.e., 42 per cent of the total) were fertile. This 
becomes a much more important consideration when 
one is concerned with the younger age-group so often 
involved in ulcerative colitis. 

Donovan and O’Hara (1960) followed up 19 male 
patients following surgical removal of the rectum for 
ulcerative colitis and found that only 2 had post- 
operative sexual changes. Both were aged 41 years 
and both had some degree of impotence. 

Stahlgreen and Ferguson (1958) interviewed 25 
males on whom abdominoperineal resection had 
been performed; 5 complained of some sexual dys- 
function. This was mainly concerned with initiating 
or maintaining an erection and inability to ejaculate. 
However, these difficulties were all partial and showed 
steady improvement. They concluded from their 
experience that sexual dysfunction occurs infrequently 
after excision of the rectum for ulcerative colitis 
and that when it does it is not a serious or permanent 
complication. 

INVESTIGATION 
It  was decided to interview a number of patients to 

discover the incidence of sexual dysfunction following 
the more conservative rectal excision that is required 
for colitis. Males under 40 at the time of operation 
were contacted and asked to attend the out-patient 
clinic. To avoid any selection, no intimation was 
made in the letter to indicate the reason for attending. 
A small number of patients were contacted through 
their general practitioner, who completed an appro- 
priate questionnaire. 

The patients were interviewed in an informal 
manner about their general health, state of nutrition, 

* Present address : St. James’s Hospital, Balham, London. 

and also ileostomy function and management. 
Finally, inquiries were made about urinary or sexual 
troubles and, in particular, with regard to potency, 
ability to ejaculate, and presence or absence of 
normal sensation. No objective studies such as 
sperm counts were carried out. 

RESULTS 
The number of patients interviewed was 47. 
The incidence of symptoms in these patients is 

shown in the accompanying Tables I and I I .  One 
patient who had severe colitis with advanced hepatitis 

Table Z.-INCIDENCE OF POSTCOLECTOMY SEXUAL 
DYSFUNCTION IN 47 MALE PATIENTS 

Total Number Temporary Permunent 
No  Dificu‘ty with Dysfunction Dysfunction Dysfunction 

35* 11 3 8 
* One case prepubertal. 

Table II.-PERMANENT SEXUAL DYSFUNCTION FOLLOWING 
COLECTOMY (8 CASES) 

Partial Impotence Potent 
Complete 
I~~~~~~~~ Normal No Or No Irregular 

ejaculation e ~ ~ ~ f ~ ~ ~ n  ejaculation ejaculation 

3 I 2 I I 

had not attained puberty at the time of operation 
(16 years). Of the 8 patients with permanent sexual 
dysfunction, 3 were completely impotent. Two 
patients were potent, but I could not ejaculate and 
the other only infrequently. The remaining 3 patients 
were partially impotent, obtaining only the occasional 
emission. 

PHYSIOLOGY OF SEXUAL FUNCTION 
AND ANATOMY OF PELVIC 

AUTONOMIC NERVES 
There is still controversy about the physiology, but 

the following represents a summary of the present 
views. 

Erection in the male is brought about by the 
passage of stimuli down the nervi erigentes, causing 
engorgement of the cavernous tissues of the shaft of 
the penis. This may be abolished by division of the 
2nd, 3rd, or 4th sacral nerves, which contain the 
parasympathetic fibres constituting the nervi eri- 
gentes. 




