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In a double-blind controlled clinical trial o n  5 1 patients with subarachnoid hemorrhage,  tranexamic acid, 4 g m  per 
day f o r  ten consecutive days, did not  favorably affect the outcome. Nei ther  mortality nor rebleeding rates were  
improved after a follow-up of three  months. 
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Antifibrinolytic drugs such  as  Gaminocaproic acid 
(EACA) and tranexamic acid have been employed  t o  
reduce  t h e  risk of rebleeding af ter  subarachnoid 
hemorrhage (SAH). The rationale has been to prevent  
dissolution of t h e  blood clot  formed at the s i te  of t h e  
ruptured  aneurysm once  the bIeeding has s topped  [2, 
4 ,  5 ,  10, 12, 15, 19-221. This  s tudy evaluated t h e  
effects of t ranexamic acid on t h e  basis of a doublc-  
blind controlled clinical trial. 

Material and Methods 
The investigation was a cooperative trial among the neurol- 
ogy departments of three hospitals. It started in November, 
1973, and closed November, 1975. A diagnosisof SAH was 
made on the basis of hemorrhagic spinal fluid not caused by 
lumbar puncture and severe headache of acute onset, often 
accompanied by neck rigidity. Impaired consciousness, 
pareses, tendon reflex differences, and similar abnormalities 
were regarded as secondary diagnostic signs. 

Treatment was started immediately after the diagnosis 
was made. In 1 2  of the 5 1 patients, treatment was begun on 
the day of their SAH; in 5 patients it started within '$8 hours 
of the initial bleeding, in 11 patients within one week, and in 
3 patients within the second week after the SAH. The trial 
was set up in a double-blind fashion, drug and placebo being 
randomly administered in a sequence prescribed by and 
known only to the statistician (H. de J.). Administration of 
either placebo or drug was by intravenous infusion or intra- 
venous injection. The drug-treated patients received 4 gm 
of tranexamic acid in 40 nil of solution daily ( 1  gm per 10 ml 
every 6 hours) during ten  consectuive days. Placebo-treated 
patients received physiological sodium chloride solution, 40 
ml daily, also for ten consecutive days. It was impossible for 
medical staff or patients to distinguish between drug- and 
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placebo-containiIig ampules. Administration of other drugs 
was avoided as much as possible, but essential medication 
(e.g., insulin) was given or continued. 

Of the 51 patients admitted to the trial, 22  were being 
treated for diseascs or complaints that had exisrsd prior to  
the onset of SAH. Five were receiving antihypertensives, 
4 analgesics, 4 anricoagulants, 3 antidiabetic drugs, 3 
glucosides, 2 antiepileptic agents, and 1 each was taking 
antibiotics, corticosteroids, and tranquilizers. Three pa- 
tients were raking several kinds of drugs: l was o n  digoxin 
and anticoagulant therapy, 1 on antidiabetic and diazepam 
therapy, and 1 used glucoside as well as antihypertensive 
and analgesic mcidication. Preexisting diseases in 16 parients 
included hypertension in 6, diabetes mellitus in 3: cardiac 
disease in 2,  nephritis in 1, rheumatoid arthritis in 1, 
epilepsy in 2, and bronchial carcinoma in 1 .  Six patients 
were taking medication without a firm diagnosis. At the 
conipletion of the trial the use of preexisting medication 
proved to be evenly distributed ( 11 patients each) between 
the drug- and placebo-treated groups. 

Four patients were on anticoagulant therapy at the time of 
their SAH because of either a previous cardiac infarction ( 3  
patients) or pulmonary embolism ( 1 patient); anticoagula- 
tion W d S  discontinued at hospital admission. If neurological 
evaluation led to surgical treatment, drug treatment 
(tranexaniic acid or placebo) was discontinued after the 
intervention. 

When the study was planned, it was acknowledged that 
some patients would be included in whom subsequent 
clinical evaluation would change the original diagnosis of 
SAH to  one of, for instance, primary jntracercbral hemor- 
rhage o r  bleeding into a tumor. We hoped that crroneous 
diagnoses would be evenly divided between the drug- and 
placebo-treated groups. Originally 54 patients were admit- 
ted to the study, but 3 patients had to be excluded because 
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autopsy findings corrected the original diagnosis c o  acute 
suhdural hematoina, intracerebral hemorrhage, am1 multi- 
ple hemorrhagic infarcts, respectively. 

The clinical follow-up for each patient covered a period of 
three months, counted from the day of the SAH. Postrnor- 
tern examination was performed in 16 of the 26 patients who 
died, 8 ofwhom had received placebo and ti drug treatment. 
In 15 instances an aneurysm was found. 

Results 
Mortality figures in the placebo- and drug-treated 
groups are listed in Table 1. Hospital 1 shows a better 
outcome with drug treatment. However, none of the 
differences in mortality rates between the placebo- 
treated and drug-treated patients in any of the three 
hospitals are significant: p = 0.3 1 (Hospital l), 0.15 
(Hospital 2) ,  and 0.48 (Hospital 3) by the two-sided 
exact Fisher test. The overall outcome can be analyzed 
in two ways: by combining the results of the separate 
tests or by applying the Fisher test to the pooled 
results of the three hospitals. Both ways of testing 
yield the nonsignificant p value of 0.48. Con- 
sequently, o u r  conclusion from this trial is that admin- 
istration of tranexamic acid, 4 gm per day intrave- 
nously for ten days after SAH, does not influence 
mortality, as observed three months after SAH. 

The mean ages of the placebo- and drug-treated 
patients (54 and 58 years, respectively) are statistically 
similar. Six of the 5 1 patients had been known to have 
hypertension prior to their SAH. Two died; both 
were in the drug-treated group. All 4 patients on 
anticoagulant therapy prior to S A H  died. Two (49 and 
63 years old) were drug treated and 2 (49 and 67 years 
old) were placebo treated. 

Table 2 shows that for both the patients who died 
and those who survived, the neurological condition at 
the time of their SAH was about the same for placebo- 
and drug-treated patients. However, there was a 
clear-cut correlation between state of consciousness 
and survival. Of the 2 1  patients who were alert im- 
mediately following SAH, only 1 died; of the 17  who 
were drowsy, 13 died; and of the 13 comatose pa- 
tients, only l was living after three months. 

Thirty-five of the 51 patients underwent angiog- 
raphy. In another 5 patients angiography had been 
performed several years before, demonstrating an 
aneurysm ( 4  patients) or arteriovenous malformation 
(1 patient) [71, and the investigation was not repeated 
at the time of the SAH. In the remaining 11 patients 
angiography was not carried out because of either 
poor clinical condition or anticoagulant therapy. The 
percentage of nonvisualized aneurysms was equal in 
the two groups (30%).  

Angiography showed an aneurysm in 13 patients in 
the placebo-treated group, of whom 8 were alive and 5 
had died at three months, and in 11 patients in the 
drug-treated group, of whom 7 were alive and 4 had 
died at three months. Five patients in the placebo- 
treated group and 6 in the drug-treated group did not 
show an aneurysm on angiography. 

Rehleeding episodes occurred in 9 of the 5 1  pa- 
tients. The diagnosis of recurrent SAH was made on 
clinical grounds; a repeat lumbar puncture showing 
hemorrhagic spinal fluid was obtained in 8 of these 9 
parients. In the drug-treated group 5 patients had 
rebleeding episodes, 4 of which were fatal. In the 
placebo-treated group, 4 patients suffered from re- 

Table 1 .  iUortafitl i w  the Pluiebo- und Drug-trrated Grairp\ 

I-Iospital I Hospital 2 Hospital 3 Total 

Status PT DT Total M DT Total PT DT Total PT DT Total 

Died 6 2 ti 5 I 1  16 0 2 2 11 15 26 
Alive 3 5 8 9 5 14 2 1 3 14 11 2 5  

16 14 16 3 0 2 3 5 25 26  51 Total 9 7 

PT = placcho-treated; DT = drug-treated. 

1 able 2 LVet/rologirul Conditzon at Hospztul Admz\Jlon and Mortalzrq ufier Threr ,?lotiths (Total Three Horpzralr) 

Status at ~~ 

Admission PT DT Tocal PT DT Total 

Died Alive 

Alert 1 0 1 11 9 20 
Drowsy 5 8 13 2 2 4 
Comatose 5 12  1 0 1 -7 

Total 11 15 26 14 11 2 5  
F'T = placebo-treated, DT = drug-treatcd 
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bleeding and 3 died. There is no  difference in the 
frequency or mortality of rebleeding between the two 
groups. 

In the placebo-treated group, 8 patients died from 
the initial bleeding episode and 3 from rebleeding. In 
the drug-treated group these figures were 10 and 4 ,  
respectively. One  patient died from a myocardial in- 
farction. We therefore feel justified in concluding that 
there was no difference bctween the placebo- and 
drug-treated groups with regard to early death or 
death from rebleeding from a ruptured aneurysm. 

In our series, unwanted side-effects of tranexamic 
acid were observed in 2 of 26 treated patients; in the 
placebo-treated group of 25, no side-effects were 
noted. One  patient complained once of dizziness for a 
few minutes following the intravenous injection, and 
another developed superficial thrombophlebitis on 
the eighth day of therapy at the site of his infusion. 

Discussion 
Nilsson et  a1 [13] reviewed the use of such an- 
tifibrinolytic drugs as EACA and tranexamic acid in 
nonneurological diseases. Norlen and Thulin [ 141 de- 
scribed the beneficial effect of EACA during opera- 
tion o n  2 patients with arteriovenous malformations 
who started to bleed and whose hemorrhage could not 
be stopped by any other means. Work by Gibbs and 
O’Gorman [41 indicated that the prognosis in SAH 
was not changed by EACA administration in 107 pa- 
tients. Patterson and Harpel [ 161 demonstrated that 
EACA or tranexamic acid augmented the “strength” 
of an experimentally induced thrombus within an 
aneurysm. 

A limited number of papers on the use of EACA or 
tranexainic acid in SAH from ruptured intracranial 
aneurysm have appeared [2,4,  5 ,  10, 12, 15,20-221. 
None of these studies include controls. Gibbs and 
Corkill [ 51 compared two groups of patients with 
SAH from ruptured aneurysm, 1 treated surgically 
and the other conservatively with tranexamic acid. 
The latter group was made up largely of patients who, 
for various reasons, were considered unable to toler- 
ate operation. Nibbelink et  a1 1121 reported a 
cooperative study in which 502 patients with ruptured 
intracranial aneurysm from thirteen institutions re- 
ceived EACA or tranexamic acid. Unfortunately, 
their conclusion that antifibrinolytic therapy provides 
beneficial effects in patients with SAH IS based on a 
follow-up period of only fourteen days. 

Sengupta et  a1 [ 171 have presented the only study in 
which results of EACA treatment in patients with 
ruptured intracranial aneurysm were compared with 
controls, though a double-blind procedure was not 
performed. They did not present details of duration of 
EACA treatment or of the length of follow-up. An 
important point to note is that their control group 

contained twice as many severely ill patients (Botterel 
grade 111) as the EACA-treated group (16 vs 8 pa- 
tients). Also, their grade I1 group comprised 30 con- 
trol patients and only 20 from the EACA group. This 
means that 18 patients in the control group of 76 were 
more severcly ill on admission than the drug-treated 
patients, affecting Sengupta’s conclusions inasmuch as 
the prognosis in SAH relates to initial clinical severity 
191. Furthermore, 88% of Sengupta’s EACA group 
underwent surgery cornpared with 60$7 of the control 
group, indicating poorer clinical condition in the latter 
patients. Under the circumstances, Sengupta’s finding 
that rebleeding did not occur in the 66 patients with 
aneurysm in the EACA group whereas i t  was noted in 
17 of the 76 control patients is difficult to interpret. 

In our study, no difference was noted in the rate of 
rebleeding between patients treated with tranexamic 
acid and the control group. As used in the present 
study, tranexamic acid has a much stronger an- 
tifibrinolytic action than EACA [3 ,  8, 221. More seri- 
ous side-effects of antifibrinolytic drugs than were 
noted in the present study have been published occa- 
sionally, predominantly thrombotic [l, 6 ,  11, 17, 181 
and arteriopathic complications [2  11. 

Tranexamic acid (Cyclocapron) arid placebo solutions were gener- 
ously supplied by the manufacturer, KABI, Stockholm, Sweden. 

References 
1. Charytan C, Purtilo D: Glomerular capillary thrombosic and 

acute renal failure after epsilon-aniino~aproic acid therapy. N 
Engl J Med 279:1102-11O4, T969 

2. Corkill G: Earlier operation and antifibrinolytic therapy in the 
management of aneurysmal subarachnoid hemorrhage: review 
of recent experience in Tasmania. Med J Aust 1:468-470. 
1974 

3. Duhber AHC, McNicol GP,  Douglas AS: Amino methyl 
cyclohexane carboxylic acid (AMCHA),  a new synthetic 
fibrinolytic inhibitor. Br J Haematol 11237-245,  1965 

4.  Gihbs JR, O’Gorman P: Fibrinolysis in subarachnoid haernor- 
rhage. Postgrad Med J 43:779-784, 1767 

5. Gibbs JR, Corkill AGL: Use of an antifibrinolytic agent 
!tranexamic acid) in the management of ruptured intracranial 
aneurysms. Postgrad Med J 47:197-200, 1771 

6. Gralnick HR, Greipp P: Thrombosis wirh epsilon- 
aminocaproic acid therapy. Am J Clin Pathol 56:151-154, 
1971 

7.  Heercs JG, Hekstcr REM, Thomeur RAF: A case of spontane- 
ous thrombosis of an arteriovenous malformation of the cere- 
bral vessels ten years after the first manifestations of the  lesion 
(in Dutch; English summary). Ned Tijdschr Geneeskd 
120:>7-61, 1976 

8. Maki M, Beller FK: Comparative studies of fibrinolytic in- 
hibitors in vitro. Thromb Diath Haemorrh 16668-686, 1766 

7. McKissock W, Paine KWE, WalshLS: Ananalysis of the results 
of treatment of ruptured intracranial aneurysms. J Neurosurg 
17:762-776, I960 

10. Mullan S ,  Dawlay J: Anrifibrinolytic therapy for intracrariial 
aneurysms. J Neurosurg 28:2 1-23, 1968 

1 1. Naye RL: Thrombotic state after a haemorrhagic diathesis, a 

244 Annals of Neurology Vol 2 No 3 September 1977 



possible complicarion of therapy with cpsilon-aminocaproic 
acid. Blood 19:694-701, 1362 

12. Nibbelink DW, Torner JC, Henderson WG: Jntracranial 
aneurysms and subarachnoid haemorrhage: a cooperative 
study: aiitifibrinolytic therapy in recent onser subarachnoid 
haemorrhage. Stroke 6:622-629, 1975 

13. Nilsson JM, Anderson L, Bjiirkman SE: Epsilon-aminocaproic 
acid (EACA) as a therapeutic agent based o n  5 pears clinical 
experience. Acta Med Scand [Suppll 448:5-46, 1966 

14.  Norlen G, Thulin CA: Experiences wirh epsilon-aminocaproic 
acid in neurosurgery: a preliminary report. Neurochirurgia 

15. Norlen G, Thulin CA: The use ofanrihbrinolytic substances in 
ruptured intracranial aneurysms. Neurochirurgia 12: 100-102. 
1969 

16. Patterson R H ,  Harpel P: The effecr of epsilonarninocaproic 
acid and tranexamic acid o n  thrombus size and strength in a 
simulated arterial aneurysm. J Neurosurg 34:365-171, 1Y7  1 

10:81-86, 1967 

17. Purrilo DT, Constantian HM, DeGirolanii E: Epsilon- 
aminocaproic acid in haematuria. Lancet 1 : 7 5 5 ,  1975 

18. R)ciin E, Lundberg PO: Tranexamic acid and intracranial 
thrombosis. Lancet 2 : 4 Y ,  1976 

19. Sengupta RP, So  SC, Villarejo-Orrega FJ: Use of epsilon 
amiriocaproir acid (EACA) in rhe preoperativr management of 
ruptured intracranial aneurysms. J Neurosurg 44:479-484, 
1976 

20. Smith RR, Upchurch JJ: Monitoring antifibrinolyric therapy 
in subarachnoid haemorrhage. J. Neurosurg 38:339-343, 
1973 

2 1. Sonnrag VKH, Stein BM: Arrerioparhic complications during 
treatment oi subarachnoid haemorrhage with epsilon- 
arninncaproir acid. J Neurosurg 40:480-485,  1974 

22. Tovi D: Studies on  fibrinolysis in the cenrral nervous system 
with special reference to intracranial haemorrhages and the 
effect of antifibrinolytic drugs. IJmeZ University (Sweden) 
Medical Dissertations. No. 8, 1972 

van  Rossuni et al: Tranexamic Acid for Subarachnoid Hemorrhage 245 


