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Tranexamic acid and upper gastrointestinal
haemorrhage-a double-blind trial
J. C. BIGGS, T. B. HUGH, AND A. J. DODDS

From the Departments of Haematology and Surgery, St. Vincent's Hospital, Darlinghurst,
N.S. W., Australia

SUMMARY The efficacy of antifibrinolytic therapy in the management of acute upper gastrointestinal
haemorrhage has been investigated in a double-blind clinical trial.Two-hundredpatients were studied
using tranexamic acid, a potent antifibrinolytic agent. Of these, 103 were in the treatment group and
97 in the control group. Patients were analysed to determine severity of initial blood loss, transfu-
sion requirements, together with the incidence of recurrent bleeding, surgical intervention, and death.
Final diagnosis as to the site of bleeding was arrived at using endoscopy, barium studies, and the
findings at operation and necropsy. The groups were well matched as regards severity of initial
haemorrhage, age, sex, aetiological diagnosis, and precipitating factors. A significant difference was
observed in the requirement for surgical intervention to control continuing or recurrent haemor-
rhage. Twenty-three of 97 in the control group and seven of 103 in the treatment group required
surgery. There appeared to be a reduction in the transfusion rate after the first three days of hospital-
ization in the treatment group. There were no significant differences in mortality or in side-effects
between the two groups.

Upper gastrointestinal haemorrhage is a common
occurrence and may be of life-threatening severity.
Although the haemorrhage frequently ceases with
conservative therapy, management is often difficult
and surgical intervention may be required.
Fibrinolytic activity has been demonstrated in the
mucosa of patients with peptic ulceration and free
plasmin had been found in the gastric venous blood
of such patients (Cox et al., 1967; 1969). Therefore,
it seemed appropriate to investigate the use of anti-
fibrinolytic therapy in a double blind trial, to assess
its effectiveness in the management of acute haemor-
rhage from the gastrointestinal tract.

Tranexamic acid (amino-methylcyclohexane-
carboxylic acid) was chosen as the antifibrinolytic
agent, as it has been shown to be a potent drug with
an action similar to epsilon amino caproic acid, but
has the advantage of greater potency and fewer side-
effects (Dubber et al., 1964; Andersson et aL., 1968;
Andersson, 1972).

'Each ampoule and tablet of tranexamic acid contained 0.5g.
The placebo was identical in appearance. The tablet con-
tained cellulose-lactate, while the ampoule contained normal
saline, supplied, by Kabi, A. B. Stockholm.
Received for publication 28 June 1976

Methods

PATIENTS
Patients entering the trial presented consecutively
to the accident and emergency centre of St. Vincent's
Hospital. Haemorrhage was observed by a medical
officer or confirmed by gastric aspiration and ex-
amination of the faeces for melaena. Only patients
who required admission to hospital entered the trial.
Patients who were pregnant, had chronic renal im-
pairment, previous vascular surgery, or a history of a
thromboembolic episode during the preceding 12
months were excluded.
Therapy was given on a double blind, randomized

basis. Two ampoules' intravenously and two
tablets' orally were administered eight hourly for 48
hours, followed by two tablets orally, eight hourly
for an additional 72 hours. The intravenous agent
was given slowly as a single injection into the drip
tubing. The period of study was until the end of the
seventh hospital day.

HAEMATOLOGICAL PARAMETERS
Using standard methods, blood was taken on
admission for full blood count, platelet count,
partial thromboplastin time, prothrombin time,
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euglobulinl ysis time, and other investigations when
appropriate. These tests were repeated on day 2 and
day 4.

ASSESSMENT OF PATIENT S PROGRESS
Patients were seen daily and a clinical assessment was
made of the amount of further haemorrhage. A re-
cord was kept of transfusion requirements,
morbidity, surgical intervention, and mortality.

CAUSE OF HAEMORRHAGE
An effort was made to determine the site of haemor-
rhage in all patients on a basis of history, physical
signs, endoscopy, barium studies, surgical and
necropsy findings where appropriate.

ASSESSMENT OF SEVERITY
The severity of blood loss was assessed at the time of
presentation on clinical grounds. Three categories
were defined: trivial (up to 200 ml), moderate 200-
1000 ml), and massive (more than 1000 ml).

Results

Two hundred patients entered the trial and of these
103 were found to be in the treatment group, while
97 received a placebo only.

AGE AND SEX
The distribution of the patients' age is shown in
Fig. 1. It will be noted that the majority of patients
were in the fifth decade or beyond. The sex distribu-
tion was similar in both groups with 73% being
males in the treatment group and 83 % males in the
placebo group.
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Fig. 1 Age ofpatients in decades.

CLINICAL SEVERITY OF HAEMORRHAGE
The clinical severity of each patient's condition was
assessed on presentation to the accident service.
When placed in the categories defined above, it can
be seen that both groups were well matched, with
most patients falling into the category associated
with moderate blood loss (Fig. 2).

PRECIPITATING FACTORS
A precipitating factor for the haemorrhage was
sought by questioning each patient and results are
listed in Table 1.

COAGULATION AND FIBRINOLYTIC
PARAMETERS
Of the 200 patients only 19 had abnormal tests on
presentation. The prothrombin time was prolonged
in four patients in the treatment group and in three
patients in the placebo group. The partial thrombo-
plastin time was prolonged in eight patients in the
tranexamic group and 10 patients in the placebo.
Thrombocytopaenia was observed in four and six
patients respectively and no patient showed evi-
dence of systemic fibrinolysis as assessed by euglo-
bulin lysis and fibrin plate assay. These abnormalities
were observed almost exclusively in patients with a
history or physical signs suggestive of excessive
alcoholic intake. There was no significant difference
between the groups in this regard.

SITE OF HAEMORRHAGE
Table 2 shows the lesions responsible for haemor-
rhage. The efficacy of endoscopy and upper gastro-
intestinal contrast radiology in these patients is
shown in Tables 3 and 4. It will be noted that endo-
scopy was more helpful in the diagnosis of gastric
ulcer, acute gastric erosions, and Mallory-Weiss
tear. However, radiology was equally effective in
the diagnosis of duodenal and pyloric ulceration and
oesophageal varices. Early in the trial the duodeno-
scope was unavailable because of a technical failure,
so duodenal visualization was not possible in 30
patients; 17 of these had gastroscopy only. But all
patients with gastric or duodenal ulcer had the
diagnosis confirmed by barium studies, endoscopy,
or surgery (Table 4).

TRANSFUSION REQUIREMENTS
The total transfusion requirements in both groups
were not significantly different (Table 5); 25 2% did
not require transfusion in the treatment group and
26-8% were not transfused in the placebo group. On
analysing the subgroups of gastric ulcer, gastric
erosions, and duodenal ulcer there was no difference
in the total transfusion requirements. The other sub-
groups were too small for significant analysis.
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Fig. 2 Severity of blood loss on entry to the trial
(see text).

Table 1 Drugs ingested by patients before entry to
trial

Precipitating factors Tranexamic Placebo
acid

Aspirin 15 10
Aspirin and alcohol 7 13
Alcohol 28 41
Corticosteroids 1 3
Indomethacin 5 3
Butazolidin 0 3

Table 2 Causes ofhaemorrhage in all patients
arrived at by history, barium studies, endoscopy,
surgery, and necropsy

Lesions causing blood loss Tranexamic Placebo
acid

Duodenal and pyloric ulcer 35 40
Gastric ulcer 20 13
Acute gastric erosions 19 27
Oesophageal varices 5 7
Mallory-Weiss tear 4 4
Oesophagitis 5 1
Not determined 14 5
Other 1 0
Totals 103 97

The mean transfusion rate was calculated by
dividing the total blood transfused to the group on
each day by the number of patients in the trial on
that day. As the period of study progressed the
number of patients decreased as a result of with-
drawal caused by surgical intervention or death.
The transfusion rate was similar in both groups on
days one, two, and three, but appeared higher in the
placebo group on days four, five, and six. This
difference was significant (p < 0-05) on two of the
three days, using a non-parametric analysis
(Willcoxon), despite the withdrawal of a greater
number of patients in the placebo group because of
surgical intervention for continued haemorrhage
(Fig. 3). When the transfusion rate of the subgroups
was analysed, the numbers were too small for
significant analysis.

SURGICAL INTERVENTION
Twenty-one of the 97 patients in the placebo group
and seven of the 103 in the treatment group re-
quired surgery within the period of study. The in-
dications for surgery were usually continuing or re-
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Table 3 Endoscopy findings in all patients

Upper gastrointestinal endoscopy

Positive Negative Not
perJormed

Duodenal and pyloric ulcer
(75)t 45 17* 13t

Gastric ulcer
(33)t 29 1 3

Acute gastric erosions
(46) 43 2 1

Oesophag-al varices
(12) 11 0 I

Mallory-Weiss tear
(8) 8 0 0

*Duodenoscopy was not available early in the trial and these patients
had only gastroscopy performed.
tAll patients with a diagnosis of gastric or duodenal ulcer were con-
firmed on either barium meal, endoscopy, or surgery.
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Fig. 3 Transfusion rate in both groups (see text).

Table 4 Results ofbarium meal examination

Upper gastrointestinal barium studies

Positive Negative Not
performed

Duodenal and pyloric ulceration
(75) 50 12 13

Gastric ulceration
(33) 15 12 6

Acute gastric erosions
(46) 1 25 20

Oesophageal varices
(12) 9 2 1

Mallory-Weiss tear
(8) 0 5 3

Table 5 Total blood transfusion requirements

Blood replacement Tranexamic acid Placebo
(litres) (no.) (no.)

None 26 26
1-2 16 15
3-4 18 15
5-6 18 12
7-8 9 7
9-10 4 5
> 10 12 17

Table 6 Indications for surgery

Indications for surgery Tranexamic Placebo
acid

Continued bleeding 4 14
Recurrent bleeding 3 5
Other 0 2

1a

0
z

I 1 2 1 3 1 4 1 5 1 6 7
.... 0- PLACEBO

DAY OF OPERATION T. A.

current haemorrhage, although two patients in the
placebo group were treated in this way because of a

long history of duodenal ulceration (Table 6). This
difference in operation rate was significant (p <

0005; chi-squared = 9-153). The timing of such
intervention was also of interest (Fig. 4). After the
first three days surgical intervention was required in
only one patient in the treatment group and in nine
patients in the placebo group. The lesions found at
operation largely reflected the distribution of lesions
in the overall group (Table 7).

Fig. 4 Days on which surgical intervention was

required.

SIDE-EFFECTS
There were no major side-effects of therapy. Minor
side effects encountered were similar in both groups
and are listed in Table 8.

MORTALITY
The overall mortality in both groups was 3 %. The
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Table 7 Findings at surgery

Lesions Operative group

Tranexamic Placebo
acid

Duodenal and pyloric ulcer 1 8
Gastric ulcer 3 5
Gastric erosions 2 4
Mallory-Weiss 1 I
Oesophageal varices 0 3

Table 8 Complications attributed to tranexamic acid

Conmplications of therapy Tranexamic Placebo
acid

Nausea 3 1
Headache 1 4
Fever 0 2
Thrombophlebitis at IV site 3 2

Table 9 Necropsy findings in all patients who died
during period of trial

Necropsy findings

Tranexamic acid Placebo

1. Massive blood loss, 1. Massive blood loss,
duodenal ulceration, gastric ulceration,
disseminated bronchial continuous bleeding

carcinoma postoperation
(surgery withheld)

2. Massive blood loss, 2. Massive blood loss,
Mallory-Weiss tear, oesophageal varices,
postoperative gastrotomy only
pneumonia

3. Massive blood loss,
oesophageal varices
hepatic failure

postoperation,
cardiac arrest

4. Massive blood loss,
oesophageal varices,
perforated oesophagus

causes of death are shown in Table 9. The difference
in mortality between the two groups was not signifi-
cant.

Discussion

Antifibrinolytic therapy has already been proven
useful in controlling haemorrhage in a number of
conditions-for example, menorrhagia and haemor-
rhage after prostatic surgery (Sack et al., 1962;
Andersson et al., 1965; Callender et al., 1970). A
number of studies have suggested benefit in patients
with subarachnoid haemorrhage (Gibbs and Corkill,
1971; Tovi et al., 1972).
The results of this trial show that continuing

haemorrhage from lesions in the upper gastro-

intestinal tract can be reduced, resulting in less
frequent surgical intervention. It seemed theoretic-
ally likely that the effect of antifibrinolytic therapy
would be most beneficial in patients with small
superficial lesions such as gastric erosions and also in
oesophageal varices, because of the not-uncommon
association of mild fibrinolysis with the latter condi-
tion. However, the results indicate that the beneficial
effect was not particularly related to these two con-
ditions. Furthermore, the effect was not related to
correction of systemic fibrinolysis as this was not
demonstrated in any patient. It is possible that the
beneficial effect is due to inhibition of local fibrino-
lysis in the gastroduodenal mucosa. This has been
demonstrated in vitro with low concentrations of
tranexamic acid (Dodds et al., in preparation). It
seems possible that tranexamic acid may have an
effect also on the fibrinolytic activity of the gastric
secretions in some circumstances (Nilsson et al.,
1975).

In 1973, Cormack and his colleagues published
the results of a smaller trial suggesting that trar.-
examic acid produced a significant benefit in patients
with gastrointestinal haemorrhage who had a nega-
tive barium meal examination. It was assumed that
these patients had gastric erosions, but endoscopy
was not performed. Continued or recurrent bleeding
and surgical intervention were said to be significantly
greater in those patients with peptic ulcer or gastric
erosions who had received a placebo in the trial
reported by these authors.
The concept of aborting sustained local haemor-

rhage by blocking fibrinolytic activity is attractive in
theory and might be of significant therapeutic benefit
in a variety of conditions. It is suggested that further
studies of this type are warranted to assess the value
of such agents in the control of gastrointestinal
tleeding.

We are grateful to all the medical and surgical staff
of the hospital and particularly to the members of
the gastroenterology unit, Dr E. Sibree, Dr W.
Hennessy, Dr D. Byrnes, and Dr D. Frommer, who
allowed us to study patients under their care.
Fauldings Australia Ltd., generously supplied finan-
cial assistance.

References

Andersson, L. (1972). Antifibrinolytic drugs in the treat-
ment of urinary tract haemorrhage. Progress in Surgery, 10,
76-93.

Andersson, L., Nilsson, I. M., Colleen, S., Granstrand, B.,
and Melander, B. (1968). Role of urokinase and tissue
activator in sustaining bleeding and the management there-
of with EACA and AMCA. Annals of the New York
Academy of Sciences, 146, 642-658.

Andersson, L., Nilsson, 1. M., Nilehn, J. E., Hedner, U.,

 on M
ay 19, 2023 by guest. P

rotected by copyright.
http://gut.bm

j.com
/

G
ut: first published as 10.1136/gut.17.9.729 on 1 S

eptem
ber 1976. D

ow
nloaded from

 

http://gut.bmj.com/


734 J. C. Biggs, T. B. Hugh, and A. J. Dodds

Granstrand, B., and Melander, B. (1965). Experimental
and clinical studies on AMCA, the antifibrinolytically
active isomer of p-aminomethyl cyclohexane carboxylic
acid. Scandinavian Journal of Haematology, 2, 230-247.

Callender, S. T., Warner, G. T., and Cope, E. (1970). Treat-
ment of menorrhagia with tranexamic acid. A double-
blind trial. British Medical Journal, 4, 214-216.

Cormack, F., Jouhar, A. J., Chakrabarti, R. R., and
Fearnely, G. R. (1973). Tranexamic acid in upper gastro-
intestinal haemorrhage. Lancet, 1, 1207-1208.

Cox, H. T., Poller, L., and Thomson, J. M. (1967). Gastric
fibrinolysis: a possible aetiological link with peptic ulcer.
Lancet, 1, 1300-1302.

Cox, H. T., Poller, L., and Thomson, J. M. (1969). Evidence
for the release of gastric fibrinolytic activity into peri-
pheral blood. Gut, 10, 404-407.

Dodds, A. J., Low, J., McDougall, A. M., Biggs, J. C. (In
preparation).

Dubber, A., McNicol, G. P., Douglas, A. S., and Melander,

B. (1964). Some properties of the antifibrinolytically active
isomer of amino-methylcyclohexane carboxylic acid.
Lancet, 2, 1317-1319.

Gibbs, J. R., and Corkill, A. G. L. (1971). Use of an anti-
fibrinolytic agent (tranexamic acid) in the management of
ruptured intracranial aneurysms. Postgraduate Medical
Journal, 47, 199-200.

Nilsson, I. M., Bergentz, S. F., and Hedner, U. (1975).
High level of fibrinolysis and low factor XIII in erosive
haemorrhagic gastroduodenitis. Abstracts of the Fifth
Congress of the International Society of Thrombosis and
Haemostasis. Paris; 210.

Sack, E., Spaet, T. H., Gentile, R. L., and Hudson, P. B.
(1962). Reduction of postprostatectomy bleeding by
epsilon-aminocaproic acid. New England Journal of
Medicine, 266, 541-543.

Tovi, D., Nilsson, I. M., and Thulin, C. A. (1972). Fibrino-
lysis and subarachnoid haemorrhage, inhibitory effect of
tranexamic acid. Acta Neurologica Scandinavica, 48, 393-
402.

The August 1976 Issue
THE AUGUST 1976 ISSUE CONTAINS THE FOLLOWING PAPERS

Ascorbic acid deficiency in liver disease A. D.
BEATTIE AND SHEILA SHERLOCK

Prognostic value of serum alpha-fetoprotein in
fulminant hepatic failure including patients treated
by charcoal haemoperfusion IAIN M. MURRAY-LYON,
A. H. ORR, B. GAZZARD, J. KOHN, AND ROGER WILLIAMS

Alteration of drug metabolism in Gilbert's syndrome
N. CARULLI, M. PONZ DE LEON, E. MAURO, F. MANENTI,
AND A. FERRARI

Marked delay in indocyanine green plasma clearance
with a near-normal bromosulphophthalein retention
test: a constitutional abnormality? K. OKUDA,
H. OHKUBO, H. MUSHA, K. KOTODA, H. ABE, AND
K. TANIKAWA

Disappearance half-time of endogenous .and exogen-
ous secretin in dogs P. J. CURTIS, H. R. FENDER,
P. L. RAYFORD, AND J. C. THOMPSON

Evaluation of the intraepithelial lymphocyte count
in the jejunum in childhood enteropathies j. MAV-
ROMICHALIS, M. J. BRUETON, A. S. MCNEISH, AND
C. M. ANDERSON

Absorption of xylose, glucose, glycine, and folic
(pteroylglutamic) acid in Zambian Africans with
anaemia G. C. COOK

Coeliac disease, gluten-free diet, and malignancy
G. K. T. HOLMES, P. L. STOKES, T. M. SORAHAN,
PATRICIA PRIOR, J. A. H. WATERHOUSE, AND W. T.
COOKE

Human calcitonin stimulates salivary amylase out-
put in man G. Th. DRACK, H. R. KOELZ, AND A. L.
BLUM

Adenocarcinoma of the stomach: Radiological and
pathological correlation of effects of treatment with
fast neutrons D. KINGLSEY, A. GAD, AND MARY
CATTERALL

Multiple recurring gastric erosions (aphthous ulcers)
A. G. MORGAN, W. A. F. MCADAM, R. D. PYRAH, AND

E. G. F. TINSLEY

Transfer of computer-aided diagnosis of dyspepsia
from one geographical area to another JANE C.
HORROCKS, DIANNE E. LAMBERT, W. A. F. MCADAM,
A. G. MORGAN, C. PACSOO, A. DARNBOROUGH, AND

F. T. DE DOMBAL

Measurement of anal pressure and Motility B. D.
HANCOCK

An apparatus for the anaerobic ultrafiltration of
bile and other biological fluids LYNETTE I. WILKIE,
G. H. CARTER, V. A. HALLEWELL, AND D. JUNE SUTOR

Technique
Neuroleptanalgesia in upper alimentary endoscopy
H. I. LE BRUN

Notes and activities

Notes on books

Copies are still available and may be obtained from the PUBLISHING MANAGER,
BRITISH MEDICAL ASSOCIATION, TAVISTOCK SQUARE, LONDON WC1H 9JR, price £2-00, including postage

 on M
ay 19, 2023 by guest. P

rotected by copyright.
http://gut.bm

j.com
/

G
ut: first published as 10.1136/gut.17.9.729 on 1 S

eptem
ber 1976. D

ow
nloaded from

 

http://gut.bmj.com/

