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Prolonged antifibrinolysis: an effective non-surgical
treatment for ruptured intracranial aneurysms?

R S MAURICE-WILLIAMS

Briti'sh Medical _ournal, 1978, 1, 945-947

Summary and conclusions

The outcome of treatment with an antifibrinolytic agent
(tranexamic acid) for six weeks after rupture of an intra-
cranial aneurysm was assessed in a randomised control-
led trial. Twenty-two out of 25 (88%) treated patients
survived at follow-up of three to 33 months compared
with 14 out of 25 (56%) control patients. Among the
patients who did not undergo operation the survival rate
was 81% (13 out of 16) in treated patients and 42% (8 out
of 19) in controls.

Antifibrinolytic treatment has so far been assumed
merely to postpone rebleeding and has been used to
enable surgery to be deferred. These findings suggest
that tranexamic acid may actually prevent rebleeding
without operation. Prolonged antifibrinolysis may there-
fore prove useful in those patients in good condition whose
aneurysms do not lend themselves to surgical obliteration.

Introduction

Only in the last 10-15 years has surgery improved the natural
history of ruptured intracranial aneurysms.1-' During the same
period several studies have shown that antifibrinolytic drugs
will reduce the incidence of rebleeding in the first two to three
weeks after a haemorrhage.''

It has been assumed, without good evidence, that anti-
fibrinolytic agents merely postpone rebleeding, thus allowing
operation to be deferred more safely.8 11 A randomised controlled
trial of the antifibrinolytic agent tranexamic acid for a longer
period suggested that such treatment might permanently modify
the future behaviour of ruptured aneurysms. The trial was

carried out at St Bartholomew's Hospital, where the manage-
ment of ruptured aneurysms is still largely non-surgical.

Patients and methods

Surgical or antifibrinolytic treatment can be expected only to reduce
the number of deaths from rebleeding, although many patients who
reach hospital after an aneurysmal subarachnoid haemorrhage die from
late effects of the first bleed or from unrelated causes. Accordingly, it
was decided to admit to the trial only younger patients in good con-
dition with a high risk of rebleeding. All patients admitted with a
proved spontaneous subarachnoid haemorrhage were entered into the
trial provided they were (a) under 65 and without intercurrent
disease, (b) relatively little disturbed by the first bleed (Botterell
grades l-3),'2 and (c) admitted within 96 hours of the firsthaemorrhage.
Assignment to treatment or control group was by opening a sequen-

tially numbered, sealed envelope containing the decision. Controls
received bed rest and sedation. The treated patients also received
tranexamic acid 6 g/day for 42 days or until operation, by intra-
venous infusion for the first seven days and thereafter orally 15 g
every six hours.

Suppression of fibrinolysis was assessed by serial assay of fibrinogen
degradation product (FDP) concentrations in blood and cerebrospinal
fluid (CSF). These were measured by the radioimmunoassay method
described by Gordon et al.13

Patients in whom no cause for the subarachnoid haemorrhage could
be found or who had angiomas were removed from the trial after
angiography. In the former group the risk of recurrent haemorrhage
is very small."4 In the latter group not only is the risk of late bleeding
much less than with an aneurysm but surgery is often undertaken
with aims other than that of preventing recurrent haemorrhage. A few
patients with aneurysms underwent operation, generally late and in-
direct in type. They remained in the trial. Recurrent haemorrhage
was accepted only if confirmed by lumbar puncture or necropsy.

Results

Seventy-nine patients entered the trial from September 1974 to
May 1977 (table I). None of the 27 patients removed from the trial
after angiography had rebled. One patient with an angioma died after
surgery. One with no lesion who was given tranexamic acid died after
progressive deterioration assumed to be due to cerebral ischaemia.
The 25 patients with aneurysm who were treated with tranexamic

acid matched the 25 controls in age, sex, blood pressure on admission,
and site of aneurysm. Twenty-three patients in each group were in
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Botterell grades 1 or 2'2-that is, no neurological deficit, slight to
moderate meningism, alert or slightly drowsy.

Nine of the treated group and six of the controls underwent
operation a mean of 24 and 16 days respectively after bleeding (range
9-55 and 7-24 days). Only three patients (all in the treatment group)
had direct operations to obliterate the aneurysm. The rest had proxi-
mal operations (carotid ligation or anterior cerebral artery occlusion),
which left the aneurysm supplied with blood.
The numbers of deaths and episodes of rebleeding are shown in

table II. There were no operative deaths. One control died after
collapsing before lumbar puncture could confirm a rebleed. Permission
for necropsy was refused.

TABLE I-Details of 79 patients who initially entered trial

No of No given
patients tranexamic acid

Patients with aneurysm(s) .50 25
Patients with angiomas 6 2
Patients with no lesion on angiography 21 10
Patients who died before angiography: 2 1

died from rebleeding 1 0
died from effects of first haemorrhage

TABLE II-Details of deaths and episodes of rebleeding in each group

*For comparison between two groups for confirmed rebleeding: P 0 025 by Fisher's

exact probability test.

Overall survival was 88% (22/25) in the treatment group and 56°%
(14/25) among the controls. Survival amongst those who were not

operated on was 81`> (13/16) of the treatment group and only 42°,
(8/19) of the controls.

Patients were followed up for three to 33 months, and 25 of the 36
survivors were followed for over 12 months. Of the total treatment
group, 76n0 (19/25) were alive with no disability, compared with 480,
(12/25) in the controls. Three treated patients and two controls were

partially disabled.
No case of recurrent haemorrhage occurred later than 55 days.

Mean interval until rebleeding was 28 7 days in the treatment group
and 24 days in the controls. The mean interval from the presenting
bleed to entering the trial was 2 1 days for those treated with tran-
examic acid and 2 6 days for the controls. In the treatment group five
of the 14 who were admitted within the first 24 hours rebled compared
with one of the 11 admitted between 24 and 96 hours. The figures for
the control group were 3 out of 6 and 11 out of 19 respectively.

Possible complications of tranexamic acid are shown in table III.

Results of serial blood and CSF FDP measurements showed that (a)
there was no rise in blood FDP concentrations after subarachnoid
haemorrhage; (b) an initially raised CSF FDP concentration generally
fell to normal within the first few days, but occasionally persisted until
the third or fourth week; (c) persistence of a high CSF FDP concentra-
tion after the first week seemed to be associated with a greater risk of
rebleeding; (d) the CSF FDP concentration did not rise after tran-
examic acid was stopped at 42 days; and (e) delayed, progressive
neurological deterioration was associated with a secondary rise in the
CSF FDP concentration.

Discussion

About 65% of patients admitted to hospital with ruptured
aneurysms will die within three years if no treatment is given.'5
Many of the deaths result from the first haemorrhage or from
other causes. When a patient survives the first bleed with
minimal disturbance (Botterell grade 1) there is initially a 35%
chance of his eventually dying from a rebleed, which drops to

10-15% by the middle of the second week.'6 The mortality of
direct operations on aneurysm varies from under 5oo to over

20%, depending on patient selection and timing of opera-
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TABLE: iII-Incidence of possible comlplicationis of tranexamic acid tr-eatmen'it in
each grouip

TIreatment Control
group group

Deep vein thrombosis pulmonary embolism 2 2
Communicating hydrocephalus:

Transient .. . 4 7
Requiring shunting . . . 0

Diarrhoea .. .8 0
Progressive neurological deterioration without rebleeding 82
Angiographic evidence of spasm .. . 8 8

tion.' 2 17 18 Overall, surgery can now improve the expected
mortality by half.'

Formation of thrombus in and around the aneurysm probably
halts the bleeding in those who survive the first haemorrhage.'9
Normally, the leptomeninges show no fibrinolytic activity, but
the fibrinolytic system is activated by subarachnoid haemor-
rhage.2 Progressive lysis of the thrombus may account for the
rise'5 in the rate of rebleeding from 0-7 IO in the first 24 hours
to a peak of 2-3(O, daily from the fourth to the seventh days.
Antifibrinolysis is designed to suppress this process and to
allow the thrombus to be replaced by mature fibrous tissue,
thus "wrapping" the aneurysm. In two patients in this series
who had late direct operations the aneurysms were indeed found
to be invested by dense adhesions. Tranexamic acid acts like the
more widely used aminocaproic acid by competitively inhibiting
plasminogen, but experiments in both man2' and animals22 sug-
gest that its potency as an antifibrinolytic agent is 7-10 times as
great, and that it produces stronger thrombi.2'

Several studies, mainly with aminocaproic acid, have shown
that antifibrinolytic agents reduce the rebleeding rate in the first
two weeks from 15-20(.(, to 5-10"0. Most series have been un-
controlled,"'7' I' 2(1 24 but the same striking improvement has
been found in controlled trials.8 I(I 25 26 The widespread assump-
tion8 '1 that rebleeding is merely postponed does not seem to
have been put to the test by continuing the drug and not operat-
ing. In the present trial, although surgery was late if at all,
"rebound" bleeding in patients given tranexamic acid did not
occur; deaths from rebleeding occurred on days one, 10, and 54.

Only three of the 50 patients underwent direct aneurysm
operations, and a further 12 had indirect operations at a mean
interval of 17 days. A retrospective review of patients treated at
St Bartholomew's Hospital suggests that indirect surgery is
effective only in reducing early bleeding. Such surgery may have
only temporary efficacy and may be worthwhile only if carried
out early, to carry the patient over the initial high-risk period.
If this is so then virtually none of the patients in this series
received effective surgery, and indeed the rebleeding rate and
mortality in the control group were much as would be expected
in an untreated population. The incidence of death and rebleed-
ing was reduced by about two-thirds in the treated group. In
those who had no surgery 81 ", of treated patients survived
compared with 420/ of controls. The trial was not double-blind,
but the criteria of failure of treatment, recurrent haemorrhage,
and death permit little subjective bias.

It may be objected that follow-up has not yet excluded very
late rebleeding. This may be so, but, although some studies" '5
report an annual incremental mortality of up to 5%/(, among un-
treated survivors, others27-29 suggest that rebleeding after three
months is very rare. Deaths from unrelated illness may account
for this discrepancy, as many untreated patients are rejected for
surgery because of age or intercurrent disease. In any case it
does not follow that a patient who survives the initial period after
antifibrinolysis has the same later risks as the person who sur-
vives that period without such treatment.
Even better results might be obtained if antifibrinolytic treat-

ment could be started at the referring hospital. The mean inter-
val before starting tranexamic acid was two days. The high initial
CSF FDP concentrations suggest that considerable clot lysis had
already occurred.
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Antifibrinolytic drugs should probably be given for at least
four weeks to cover the period during which primary or sec-
ondary fibrinolysis continues and the risk of breakthrough
bleeding is highest. Indeed, rebleeding in a patient who has
had antifibrinolytic treatment may be less serious, as the
aneurysm is better protected after the first bleed.

Theoretical side effects30 31 of thromboembolism and com-
municating hydrocephalus from obstruction of the subarachnoid
space were not encountered,' 1I 31 even though antifibrinolytic
treatment was continued for longer than usual. Progressive
neurological deterioration, usually reversible, was common,
however, and does not seem to have been a problem when treat-
ment was given for a shorter period, although cases of cerebral
arteriopathy6 32 and delayed cerebral arterial spasm"' have been
reported.

Progressive cerebral ischaemia may prove to be a serious side
effect of prolonged antifibrinolysis in the more obtunded patients,
in whom such an occurrence is known to be more frequent.
Three of the five patients in Botterell grade 3 who were given
tranexamic acid showed this phenomenon, and the failure of
large intracerebral clots to dissolve may also prove to be a prob-
lem. The death of an obtunded patient given tranexamic acid
after the closure of the trial was apparently due to ventricular
blockage caused by a persistent clot.
The tentative conclusion to be drawn from these findings,

given that the number of patients and length of follow-up were
limited, is that prolonged antifibrinolysis may permanently
improve the natural history of ruptured aneurysms. If this is so
the results of direct aneurysm surgery will have to be measured
against a new set of rebleeding and survival risks, and those
patients whose aneurysms have configurations or sites not
accessible to surgery can be offered an effective non-surgical
treatment.

I thank Mr R Campbell Connolly and Mr J C M Currie for per-
mission to carry out this study on their patients at St Bartholomew's
Hospital, and Dr Allan Lauder and Dr James Ware of Kabivitrum
Ltd for advice and encouragement.
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Endometrial assessment with Isaacs cell sampler
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Summary and conclusions

The value of the Isaacs endometrial cell sampler in the
cytological assessment of the endometrium was studied
in 121 unanaesthetised patients aged over 40. Satisfactory
aspirates for cytological diagnosis of endometrial state
were obtainable in 111 patients (91%) whereas endo-
metrial specimens for histological diagnosis were ob-
tained in only 89 patients (79%). In only four out of 83
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cases were there diagnostic discrepancies between the
aspirates and the curettings. It is concluded that the
technique is safe, quick, comfortable, and reliable for
assessing endometrial state. It should therefore prove
valuable for screening, particularly in the management
of menopausal women requiring oestrogen treatment.

Introduction

Considerable experience of mass screening programmes for
carcinoma of the cervix has shown that premalignant and
malignant lesions can often be diagnosed at an asymptomatic
stage. The success of the Papanicolaou smear is largely due to
the ease with which cell samples can be obtained. There has
always been a need for a similar screening test to detect asympto-
matic premalignant and malignant lesions of the body of the
uterus. Such a test would also be valuable in screening post-
menopausal women receiving oestrogen treatment, which may
be associated with abnormal endometrial hyperplasial and car-
cinoma. 2-4

Various methods of obtaining endometrial specimens for


