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Bert A. Coert, MD, PhD, Janneke Horn, MD, PhD, Charles B.L.M. Majoie, MD, PhD,
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Abstract
Background and Objectives
The ULTRA trial showed that ultra-early and short-term tranexamic acid treatment after
subarachnoid hemorrhage did not improve clinical outcome at 6 months. An expected pro-
portion of the included patients experienced nonaneurysmal subarachnoid hemorrhage. In this
post hoc study, we will investigate whether ultra-early and short-term tranexamic acid treatment
in patients with aneurysmal subarachnoid hemorrhage improves clinical outcome at 6 months.

Methods
The ULTRA trial is a multicenter, prospective, randomized, controlled, open-label trial with
blinded outcome assessment, conducted between July 24, 2013, and January 20, 2020. After
confirmation of subarachnoid hemorrhage on noncontrast CT, patients were allocated to either
ultra-early and short-term tranexamic acid treatment with usual care or usual care only. In this
post hoc analysis, we included all ULTRA participants with a confirmed aneurysm on CT
angiography and/or digital subtraction angiography. The primary endpoint was clinical out-
come at 6 months, assessed by the modified Rankin scale (mRS), dichotomized into good
(0–3) and poor (4–6) outcomes.

Results
Of the 813 ULTRA trial patients who experienced an aneurysmal subarachnoid hemorrhage,
409 (50%) were assigned to the tranexamic acid group and 404 (50%) to the control group. In
the intention-to-treat analysis, 233 of 405 (58%) patients in the tranexamic acid group and 238
of 399 (60%) patients in the control group had a good clinical outcome (adjusted odds ratio
[aOR] 0.92; 95% CI 0.69–1.24). None of the secondary outcomes showed significant
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differences between the treatment groups: excellent clinical outcome (mRS 0–2) (aOR 0.76; 95% CI 0.57–1.03), all-cause
mortality at 30 days (aOR 0.91; 95% CI 0.65–1.28), and all-cause mortality at 6 months (aOR 1.10; 95% CI 0.80–1.52).

Discussion
Ultra-early and short-term tranexamic acid treatment did not improve clinical outcomes at 6 months in patients with aneurysmal
subarachnoid hemorrhage and therefore cannot be recommended.

Trial Registration Information
ClinicalTrials.gov (NCT02684812; submission date February 18, 2016, first patient enrollment on July 24, 2013).

Classification of Evidence
This study provides Class II evidence that tranexamic acid does not improve outcomes in patients presenting with aneurysmal
subarachnoid hemorrhage.

Aneurysmal subarachnoid hemorrhage is a disease with high
morbidity and mortality. The main causes of poor outcomes
include the initial bleeding with subsequent early brain injury
and rebleeding of the aneurysm.1,2 The most effective way to
prevent rebleeding is early obliteration of the aneurysm. Un-
fortunately, most rebleedings occur within the first few hours
following the initial hemorrhage before aneurysm obliteration
can logistically be performed.3,4 Further prevention of
rebleeding could be achieved by antifibrinolytic treatment.5,6

Recently, the ULTRA trial showed that ultra-early and short-
term tranexamic acid did not improve clinical outcome at 6
months.7 Because of the pragmatic design of the trial, in which
tranexamic acid was administered immediately after non-
contrast head CT–confirmed spontaneous subarachnoid
hemorrhage, 15% of the included patients did not have an
aneurysm on vascular imaging, as expected. As it is well known
that the clinical course in patients with nonaneurysmal sub-
arachnoid hemorrhages is more benign and rebleedings rarely
occur,8,9 this might have diluted the effect of tranexamic acid.
The primary research question of this post hoc analysis of the
ULTRA trial is as follows: does ultra-early and short-term
tranexamic acid treatment in patients with aneurysmal sub-
arachnoid hemorrhage improve clinical outcomes at 6 months.

Methods
Standard Protocol Approvals, Registrations,
and Patient Consents
The protocol of the ULTRA trial has been previously pub-
lished (links.lww.com/WNL/C394).7,10 In brief, the UL-
TRA trial was a randomized, controlled, multicenter, open-
label trial with blinded outcome assessment. The trial was
conducted in 8 treatment centers and 16 referral hospitals
between July 24, 2013, and January 20, 2020. The study was
performed in accordance with the principles of the

Declaration of Helsinki and International Conference of
Harmonization guidelines for Good Clinical Practice and was
registered on ClinicalTrials.gov (NCT02684812). The ethics
committee of the Amsterdam University Medical Center
(Amsterdam UMC, Amsterdam, the Netherlands) approved
the trial protocol (2012_160#2012370). A description of the
informed consent procedure has been previously published.7

Patients
Inclusion criteria of the ULTRA trial were adult patients ad-
mitted to one of the participating referring hospitals or
treatment centers. Patients were included if they presented
within 24 hours of symptoms indicating subarachnoid hem-
orrhage, with noncontrast CT–confirmed subarachnoid
hemorrhage. Exclusion criteria were no proficiency of the
Dutch or English language; a perimesencephalic bleeding
pattern on CT in combination with a Glasgow coma scale
score of 13–15 without focal neurologic deficit on admission
or loss of consciousness; traumatic subarachnoid hemorrhage
pattern on CT; ongoing treatment for deep vein thrombosis
or pulmonary embolism; a history of a hypercoagulability
disorder; pregnancy; severe renal failure (serum creatinine
>150 μmol/L), or imminent death within 24 hours. For this
post hoc analysis, we additionally excluded patients without a
confirmed causative intracranial aneurysm on CT angiogra-
phy and/or digital subtraction angiography. The definition of
a subarachnoid bleeding pattern is described in the supple-
mentary appendix (page 3, links.lww.com/WNL/C393).

Randomization, Masking, and Procedures
Immediately after confirmation of subarachnoid hemorrhage
by a noncontrast head CT scan, patients were randomly
assigned (in a 1:1 ratio) to either tranexamic acid (cyklo-
kapron, Pfizer) treatment with usual care (tranexamic acid
group) or usual care only (control group). Randomization
was performed with a secured web-based system that stratified

Glossary
IQR = interquartile range; mRS = modified Rankin scale; mRS = odds ratio.

e2606 Neurology | Volume 99, Number 23 | December 6, 2022 Neurology.org/N

Copyright © 2022 American Academy of Neurology. Unauthorized reproduction of this article is prohibited.

D
ow

nl
oa

de
d 

fr
om

 h
ttp

s:
//w

w
w

.n
eu

ro
lo

gy
.o

rg
 b

y 
U

ni
ve

rs
ite

it 
L

ei
de

n 
on

 1
0 

Ju
ly

 2
02

4

http://ClinicalTrials.gov
http://links.lww.com/WNL/C394
http://ClinicalTrials.gov
http://links.lww.com/WNL/C393
http://neurology.org/n


according to permuted blocks (random block sizes; maximum
of 12) by treatment center. Patients, investigators, and
healthcare providers were not blinded for the randomization
results. As soon as possible after randomization, patients of
the tranexamic group received a bolus of 1 g of tranexamic
acid intravenously, followed by continuous intravenous in-
fusion of 1 g every 8 hours. Tranexamic acid administration
was continued until the start of aneurysm treatment or for a
maximum of 24 hours, whichever came first.7 Tranexamic acid
treatment was stopped when patients, or their legally autho-
rized representatives, refused further participation in the
ULTRA trial.

Outcomes
The primary outcome was the modified Rankin scale (mRS)
score of 0–3 at 6 months after subarachnoid hemorrhage. A
research nurse, who was trained according to a standard
procedure and blinded to the randomization results, assessed
the mRS by a standardized and validated telephone
interview.11-13 Secondary outcomes included excellent clinical
outcome (mRS score 0–2) and ordinal shift analysis of the
mRS scores at 6 months (sensitivity analyses) and all-cause
mortality at 30 days and 6months after the initial hemorrhage.

Suspected rebleeding after randomization and before treatment
of the aneurysm(s) was defined as sudden neurologic de-
terioration with change in vital parameters suggestive for re-
current bleeding not confirmed by CT or a sudden increase of
fresh blood production from an external ventricular drain. CT-
confirmed rebleeding was defined as an increase in the amount
of subarachnoid hemorrhage on CT compared with a previous
investigation. Delayed cerebral ischemia was defined according
to the criteria of a multidisciplinary research group.14 Per-
procedural thromboembolic events were defined as reduced
passage or stasis of contrast in an artery or slowed venous
outflow without the aspect of vascular spasm and were scored
by the treating intervention neuroradiologist. The definitions of
other serious adverse events are listed in the supplementary
appendix (page 3–6, links.lww.com/WNL/C393).

Statistical Analysis
The power calculation of the original ULTRA trial was based
on a tranexamic acid–induced reduction of the rate of
rebleeding from 17% to 3.9% and on the assumption that a
good clinical outcome would occur in 77.1% of patients with
spontaneous subarachnoid hemorrhage treated with tra-
nexamic acid and in 69.0% of patients with standard treat-
ment. The required sample size, with a power of 80% with a
type 1 error rate of 0.05, taking nonaneurysmal subarachnoid
hemorrhage and some withdrawals into account, was 950
patients.

An independent data and safety monitoring board assessed
the safety of participants, the progress of the trial, and the
efficacy of the intervention. A blinded interim analysis after
enrolment of half of the patients (n = 475) was performed.

We analyzed the data according to the intention-to-treat
principle. Normality of data was explored by a normal Q-Q
plot and tested by the Shapiro-Wilk test (statistic test
threshold 0.9). Baseline characteristics and data concerning
the tranexamic dosage are summarized by descriptive statis-
tics. Categorical variables are reported as percentages, nor-
mally distributed continuous variables as mean values with
SDs, and non-normally distributed variables as medians with
interquartile ranges (IQRs). Group differences were analyzed
by the χ2 test, independent T test, Fisher exact test, or Mann-
WhitneyU test, depending on the distribution of the data. For
the primary outcome and main secondary outcomes, multi-
variable logistic regression was used to calculate odds ratios
(ORs) and adjusted OR (aOR) for the influence of treatment
centers and potential differences (p < 0.2) in baseline char-
acteristics. We additionally performed as-treated analyses. For
more detailed information, we referred to the published sta-
tistical analysis plan.15 Statistical analyses were performed
using the IBM SPSS Statistics software, version 25 (IBM
Corporation, Armonk, NY).

Data Availability
The authors have reported all relevant data used to conduct
the research. All data requests should be submitted to the
principal investigator (D.V.) for consideration. Access to
anonymized data may be granted following review.

Results
Patients
The ULTRA trial enrolled 955 participants between July 24,
2013, and July 29, 2019. The last follow-up was performed on
January 20, 2020. For this post hoc analysis, we included 813
patients (85.1%) who had an aneurysm confirmed by either
CT angiography or digital subtraction angiography. Most of
the excluded patients (135 of 142, 95.1%) had nonaneurysmal
hemorrhage. In 4 moribund patients, additional angiographic
imaging was not performed, and in 3 patients, the CT angi-
ography was uninterpretable due to insufficient cerebral per-
fusion because of high intracranial pressure following the
subarachnoid hemorrhage. The mean age of the included
patients was 58.4 years (SD 12.5), and 71.1% was female. The
ruptured aneurysm was treated in 706 of 813 (87%) patients.
The median time from confirmation of subarachnoid hem-
orrhage to treatment was 14.0 hours (IQR 5.0–20.0).

Intervention
Of the 813 patients, 409 (50.3%) were assigned to the tra-
nexamic acid group and 404 (49.7%) to the control group
(Table 1, eTable 1, links.lww.com/WNL/C393). Within the
tranexamic acid group, 16 (3.9%) patients did not receive tra-
nexamic acid, and in the control group, 2 patients (0.5%) re-
ceived tranexamic acid (Figure 1). In 1 patient, allocated to the
tranexamic group, it was uncertain whether tranexamic acid was
administered and this patient was therefore excluded from the
as-treated analysis (eTable 2, supplementary appendix pages

Neurology.org/N Neurology | Volume 99, Number 23 | December 6, 2022 e2607

Copyright © 2022 American Academy of Neurology. Unauthorized reproduction of this article is prohibited.

D
ow

nl
oa

de
d 

fr
om

 h
ttp

s:
//w

w
w

.n
eu

ro
lo

gy
.o

rg
 b

y 
U

ni
ve

rs
ite

it 
L

ei
de

n 
on

 1
0 

Ju
ly

 2
02

4

http://links.lww.com/WNL/C393
http://links.lww.com/WNL/C393
http://neurology.org/n


8–9). Tranexamic acid was administered 195 minutes (IQR
130–340; n = 367) after ictus and 74 minutes (IQR 49–132;
n = 369) after confirmation of subarachnoid hemorrhage on
noncontrast CT. Tranexamic acid was most frequently dis-
continued because aneurysm treatment was started (252 of 409
patients, 61.6%; eTable 3, supplementary appendix page 10).
Patients received a median dosage of 2.0 grams (IQR 1.4–3.1).

Outcomes
The mRS score 6 months after subarachnoid hemorrhage was
assessed in 405 of 409 patients (99.0%) in the tranexamic
group and in 399 of 404 patients (98.8%) in the control group
(Figure 1). In the intention-to-treat analysis, 233 of 405
(57.5%) patients in the tranexamic acid group and 238 of 399
(59.6%) patients in the control group had a good clinical
outcome (mRS score 0–3; OR 0.92, 95% CI 0.77–1.22). After
adjustment for treatment center and Fisher grade on initial
noncontrast CT scan, the adjusted OR was 0.92 and 95% CI
0.69–1.24. None of the secondary outcomes showed signifi-
cant differences between the treatment groups (Figure 2 and
Table 2). The results of the as-treated analyses were in line
with the results of the intention-to-treat analyses (eTable 4,
supplementary appendix page 11, links.lww.com/WNL/
C393).

Serious Adverse Events
Analyzed by intention-to-treat, rebleeding after randomiza-
tion and before aneurysm treatment occurred in 46 of 409
(11.2%) patients in the tranexamic group and in 65 of 404
(16.1%) patients in the control group (OR 0.66, 95% CI
0.44–0.99), whereas CT-proven rebleeding before aneurysm
treatment occurred in 39 of 409 (9.5%) patients in the tra-
nexamic group and 56 of 404 (13.9%) patients in the control
group (OR 0.66, 95% CI 0.42–1.01). No association between
rebleeding rate after randomization and before aneurysm
treatment and treatment with tranexamic acid was seen in the
as-treated analyses (OR 0.71, 95% CI 0.48–1.07). In patients
without aneurysm treatment, rebleeding after randomiza-
tion and before aneurysm treatment occurred in 45 of 107
(42.1%) patients and CT-proven rebleeding before aneurysm
treatment occurred in 33 of 107 (30.8%) patients. The pro-
portion of patients without aneurysm treatment and with
rebleeding was lower, though not significantly, in the tra-
nexamic acid group compared with that in the control group
(all rebleedings: 18 of 49 [36.7%] and 27 of 58 [46.6%]
patients, p = 0.31; CT-proven rebleedings: 12 of 49 [24.5%]
and 21 of 58 [36.2%] patients, p = 0.19). The intention-to-treat
analyses showed no significant association between tranexamic
acid treatment and delayed cerebral ischemia (OR 0.99, 95%

Table 1 Baseline Characteristics of 813 Patients With an Aneurysmal Subarachnoid Hemorrhage

Tranexamic acid group (N = 409) Control group (N = 404) Significance p Value

Age (yr), mean (SD) 58.4 (12.7) 58.4 (12.3) 0.99

Female 297 (73) 281 (70) 0.35

WFNS24,a 0.78

I 132 (33) 142 (36)

II 77 (19) 75 (19)

III 23 (6) 16 (4)

IV 89 (22) 91 (23)

V 81 (20) 77 (19)

Fisher grade score25,b 0.04

II 24 (6) 12 (3)

III 101 (25) 122 (30)

IV 284 (69) 270 (67)

Treatment modalitya 0.65

Endovascular 272 (67) 258 (64)

Clipping 86 (21) 89 (22)

None 50 (12) 57 (14)

Abbreviations: WFNS = World Federation of Neurosurgical Societies.
Data presented as n (%), unless noted otherwise. Percentages may not total 100 because of rounding.
a WFNS score: could not be assessed in 10 patients (1.2%). Treatment modality: one patient with 2 potentially causative aneurysms, of which one was clipped
and the other was treated endovascularly.
b Analyses for each Fisher grade separately showed no significant differences between the treatment groups (grade 2, p = 0.06; grade 3, p = 0.08; and grade 4,
p = 0.45).
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CI 0.72–1.36), thromboembolic events during endovascular
aneurysm treatment (OR 0.81, 95% CI 0.48–1.38), extracra-
nial thrombosis (OR 0.70, 95% CI 0.22–2.23; Table 3, or

any other serious adverse event (eTable 5, supplementary
appendix page 12–13, links.lww.com/WNL/C393). The as-
treated analyses also showed no significant differences in any

Figure 1 Trial Allocation Profile (CONSORT)

TXA = tranexamic acid.

Figure 2 Distribution of Modified Rankin Scale Score at 6 Months in the Intention-to-Treat Analysis

*Nine patients lost to follow-up. Stacked bar chart of scores on the modified Rankin scale (0–6). A score of 0 indicates no symptoms, 1 no clinically significant
disability, 2 slight disability (patient is able to look after own affairs without assistance but is unable to perform all previous activities), 3 moderate disability
(patient requires some help but is able to walk unassisted), 4 moderately severe disability (patient is unable to attend to bodily needs without assistance and
unable to walk unassisted), 5 severe disability (patient requires constant nursing care and attention), and 6 death. There was no statistically significant
difference between the tranexamic acid group and the control group in the overall distribution of scores with univariate ordinal shift analysis (common OR,
0.78; 95% CI, 0.59–1.03) and after adjustment for treatment center and the Fisher grade (adjusted common OR, 0.83; 95% CI 0.64–1.07). OR = odds ratio.
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serious adverse event (eTable 6, supplementary appendix
page 14–15).

Classification of Evidence
This study provides Class II evidence that tranexamic acid
does not improve outcomes in patients presenting with an-
eurysmal subarachnoid hemorrhage.

Discussion
In this post hoc analysis of the ULTRA trial, ultra-early and
short-term tranexamic acid treatment started immediately
after diagnosis in patients with an aneurysmal subarachnoid
hemorrhage did not result in improved clinical outcomes after
6 months.

Antifibrinolytic treatment in patients with subarachnoid
hemorrhage has been a topic of debate for decades. Ran-
domized controlled trials with prolonged administration of
tranexamic acid up to 4 weeks showed no improvement in

clinical outcome due to an increase in ischemic
complications.16-18 A trial on short-term tranexamic acid
treatment for a maximum of 72 hours significantly reduced
the occurrence of rebleeding, without a concurrent in-
creased occurrence of delayed cerebral ischemia. The trial
was, however, underpowered for clinical outcome analy-
ses.6 Recently, the results of the ULTRA trial showed no
significant differences in clinical outcomes in patients with
ultra-early and short-term tranexamic acid treatment in
addition to standard treatment compared with patients
with standard treatment only.7 As expected, the pragmatic
design of the ULTRA trial resulted in an unavoidable in-
clusion of a number of patients without an aneurysm on
vascular imaging. Although this was taken into account in the
initial power calculation, it may have led to a dilution of the
effect of tranexamic acid. Therefore, we performed this post
hoc subgroup analysis on only patients with aneurysmal
subarachnoid hemorrhages.

In our power calculation, we assumed a relative risk reduction
in the occurrence of rebleeding of at least 75%. In this study,

Table 2 Primary Outcome (Modified Rankin Scale Score at 6 Months) and Secondary Outcomes

Intention-to-treat analysisa

Tranexamic acid group (N = 409) Control group (N = 404) OR (95% CI) aOR (95% CI)

Good clinical outcomea (mRS 0–3) 233 (58) 238 (60) 0.92 (0.69–1.21) 0.92 (0.69–1.24)

Secondary outcomes

Excellent clinical outcomea (mRS 0–2) 182 (45) 204 (51) 0.78 (0.59–1.03) 0.76 (0.57–1.03)

All-cause mortality at 30 d 95 (23) 98 (24) 0.95 (0.68–1.31) 0.91 (0.65–1.28)

All-cause mortality at 6 months 117 (29) 107 (27) 1.11 (0.82–1.51) 1.10 (0.80–1.52)

Abbreviations: aOR = adjusted odds ratio; mRS = modified Rankin scale; OR = odds ratio.
Data presented as n (%), unless noted otherwise. Percentages may not total 100 because of rounding.
a Nine patients lost to follow up (tranexamic acid group N = 405, control group N = 399).

Table 3 Complications During Hospital Admissions

Intention-to-treat analysis

Tranexamic acid group (N = 409) Control group (N = 404) OR (95% CI)

Alla rebleedings before aneurysm treatment 46 (11) 65 (16) 0.66 (0.44–0.99)

CT-proven rebleedings 39 (10) 56 (14) 0.66 (0.42–1.01)

Delayed cerebral ischemiab 104 (25) 103 (26) 0.99 (0.72–1.36)

Thromboembolic complications during endovascular treatment 29 (11) 33 (13) 0.81 (0.48–1.38)

Extracranial thrombosis 5 (1) 7 (2) 0.70 (0.22–2.23)

Deep venous thrombosis 0 (0) 2 (0) 0.20 (0.01–4.11)

Pulmonary embolism 4 (1) 5 (1) 0.79 (0.21–2.96)

aOR = adjusted odds ratio; OR = odds ratio; SAE = severe adverse event; SUSARs = severe unexpected serious adverse events.
Data presented as n (%), unless noted otherwise.
a Both suspected (not CT-proven) and CT-proven.
b Data missing in 1 patient in the control group.
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we found a relative risk reduction of 34%. In our sample size
calculation, we determined a rebleeding rate of 17% in pa-
tients treated with state-of-the-art subarachnoid hemorrhage
management without tranexamic acid, which was based on
our own data19 (all rebleedings 16%, CT-proven rebleedings
12%) and supported by another (then) recent study con-
ducted by Guo et al.20 (rebleeding rate 21.5% in aneurysmal
subarachnoid hemorrhage). Compared with previous studies
on ultra-early antifibrinolytic treatment after subarachnoid
hemorrhage, which showed rebleeding rates of approximately
12% in the control group, the determined rebleeding rate in
our calculation may be considered overestimated.6,21 The
results of this post hoc analysis of the ULTRA trial show a
rebleeding rate in the control group of 16% (CT-proven
rebleedings 14%), which is slightly lower than the rebleeding
rate used in our sample size calculation. This might have
contributed to the lack of difference found between the
treatment groups. However, because the difference in
rebleeding rate between our sample size calculation and our
results is very subtle, we think the influence of the determined
rebleeding rate used in our power calculation on the lack of
difference between the groups is minimal. Besides, the point
estimate of clinical outcome showed a trend toward worse
outcomes in patients treated with tranexamic acid. Other
explanations for the discrepancy in relative risk reduction are
as follows: first, despite a rapid confirmation of subarachnoid
hemorrhage on noncontrast CT and the strategy of ultra-early
administration of tranexamic acid already in the referral cen-
ters, tranexamic acid was still administered after a median of
195 minutes after ictus. Compared with previous trials, the
timing of tranexamic acid administration in our study is quite
rapid. Nevertheless, as we have shown previously that the
median time interval between ictus and rebleeding is 180
minutes, a substantial proportion of rebleedings might have
been unavoidable.19 The only way to avoid these very early
rebleedings would be to administer tranexamic acid in a
prehospital setting, which is not desirable, as long as sub-
arachnoid hemorrhage cannot be distinguished from other
(ischemic) stroke types before hospital arrival; second,
because aneurysm obliteration was performed relatively
early (median 14 hours), the proportion of rebleedings that
can be prevented by our study’s treatment strategy shrinks
considerably. Owing to this relatively small proportion of
rebleedings that could have been prevented in the ULTRA
trial, the effect of tranexamic acid on clinical outcome might
have been diluted.

Despite the significant reduction in rebleedings in patients
treated with tranexamic acid in the intention-to-treat anal-
yses, clinical outcome at 6 months did not improve. Spe-
cifically, the point estimate of clinical outcome showed a
trend toward worse outcomes in patients treated with tra-
nexamic acid. In other words, although the occurrence of
rebleeding is associated with poor outcome,1 a tranexamic
acid–induced reduction of rebleeding did not lead to an
improved clinical outcome. Because patients randomized to
tranexamic acid were not at an increased risk of delayed

cerebral ischemia or thromboembolic complications, other,
perhaps yet unknown, pathophysiologic pathways may have
been adversely influenced by tranexamic acid, leading to
secondary brain injury. A potential explanation may be an
increase in, or delayed recovery from, early brain injury.
Early brain injury, defined as the initial injury in the first 72
hours following a subarachnoid hemorrhage, is commonly
graded by the World Federation of Neurological Surgeons
or Hunt and Hess scale.22 One of the pathophysiologic
mechanisms involved in early brain injury is micro-
thrombosis, and in in half of the patients with aneurysmal
subarachnoid hemorrhage, ischemic lesions can be seen on
diffusion-weighted MRI within 72 hours after ictus and
before aneurysm treatment.22,23 The use of ultra-early tra-
nexamic acid may result in decreased degradation of
microthrombi and, as a consequence, may lead to more
severe injury or delayed recovery from early brain injury.
This hypothesis is supported by a previous randomized
controlled trial of the STAR study group, which showed that
tranexamic acid had a nonsignificant beneficial effect on
clinical outcomes in patients with subarachnoid hemor-
rhage with a normal level of consciousness, but a non-
significant disadvantageous effect on clinical outcomes in
patients with an impaired level of consciousness.17

Our study has several limitations. By selecting patients with
confirmed aneurysmal subarachnoid hemorrhage only, the
randomization is undone, which could lead to differences
between treatment groups. However, the baseline charac-
teristics were evenly distributed among the treatment
groups, except for the Fisher score. The ULTRA trial was an
investigator-initiated trial with minimal funding, which, in
combination with the pragmatic design, hampered blinded
treatment with tranexamic acid, potentially leading to
treatment bias. For the same reason, assessment of safety
outcomes was not blinded.

This is the largest study on the effect of tranexamic acid on
clinical outcomes in patients with aneurysmal subarachnoid
hemorrhage. Other strengths are the nation-wide participa-
tion in the study and the negligible number of patients who
were lost to follow-up.

In conclusion, ultra-early and short-term treatment with tra-
nexamic acid in patients with an aneurysmal subarachnoid
hemorrhage did not result in an improved clinical outcome at
6 months. Our data do not recommend tranexamic acid
treatment in patients with subarachnoid hemorrhage.
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administration of tranexamic acid and reduced incidence of early rebleeding after
aneurysmal subarachnoid hemorrhage: a prospective randomized study. J Neurosurg.
2002;97(4):771-778.

7. Post R, Germans MR, Tjerkstra MA, et al; ULTRA Investigators. Ultra-early tra-
nexamic acid after subarachnoid haemorrhage (ULTRA): a randomised controlled
trial. Lancet. 2021;397(10269):112-118.

8. Rinkel GJ, Wijdicks EF, Vermeulen M, Hasan D, Brouwers PJ, van Gijn J. The clinical
course of perimesencephalic nonaneurysmal subarachnoid hemorrhage. Ann Neurol.
1991;29(5):463-468.

9. Kang DH, Park J, Lee SH, Park SH, Kim YS, Hamm IS. Does non-perimesencephalic
type non-aneurysmal subarachnoid hemorrhage have a benign prognosis? J Clin
Neurosci. 2009;16(7):904-908.

10. Germans MR, Post R, Coert BA, Rinkel GJE, Vandertop WP, Verbaan D. Ultra-early
tranexamic acid after subarachnoid hemorrhage (ULTRA): study protocol for a
randomized controlled trial. Trials. 2013;14(1):143-146.

11. Wilson JTL, Hareendran A, Grant M, et al. Improving the assessment of outcomes in
stroke: use of a structured interview to assign grades on the modified Rankin Scale.
Stroke. 2002;33(9):2243-2246.

12. Janssen PM, Visser NA, Dorhout Mees SM, Klijn CJM, Algra A, Rinkel GJE. Com-
parison of telephone and face-to-face assessment of the modified Rankin Scale. Cer-
ebrovasc Dis. 2010;29(2):137-139.

13. Wilson JTL, Hareendran A, Hendry A, Potter J, Bone I, Muir KW. Reliability of the
modifiedRankin Scale acrossmultiple raters: benefits of a structured interview. Stroke. 2005;
36(4):777-781.

14. Vergouwen MDI, Vermeulen M, van Gijn J, et al. Definition of delayed cerebral
ischemia after aneurysmal subarachnoid hemorrhage as an outcome event in clinical
trials and observational studies: proposal of a multidisciplinary research group. Stroke.
2010;41(10):2391-2395.

15. Post R, Germans MR, Coert BA, Rinkel GJE, Vandertop WP, Verbaan D. Update of
the ULtra-early TRranexamic Acid after Subarachnoid Hemorrhage (ULTRA) trial:
statistical analysis plan. Trials. 2020;21(1):199-9.

16. Tsementzis SA, Hitchcock ER, Meyer CHA. Benefits and risks of antifibrinolytic
therapy in the management of ruptured intracranial aneurysms. A double-blind
placebo-controlled study. Acta Neurochir. 1990;102(1-2):1-10.

17. Roos Y. Antifibrinolytic treatment in subarachnoid hemorrhage: a randomized
placebo-controlled trial. STAR Study Group. Neurology. 2000;54(1):77-82.

18. Vermeulen M, Lindsay KW, Murray GD, et al. Antifibrinolytic treatment in sub-
arachnoid hemorrhage. N Engl J Med. 1984;311(7):432-437.

19. Germans MR, Coert BA, Vandertop WP, Verbaan D. Time intervals from sub-
arachnoid hemorrhage to rebleed. J Neurol. 2014;261(7):1425-1431.

20. Guo LM, Zhou HY, Xu JW, Wang Y, Qiu YM, Jiang JY. Risk factors related to
aneurysmal rebleeding. World Neurosurg. 2011;76(3-4):292-298.

21. Starke RM, Kim GH, Fernandez A, et al. Impact of a protocol for acute antifibrinolytic
therapy on aneurysm rebleeding after subarachnoid hemorrhage. Stroke. 2008;39(9):
2617-2621.

22. Rass V, Helbok R. Early brain injury after poor-grade subarachnoid hemorrhage. Curr
Neurol Neurosci Rep. 2019;19(10):78-.

23. LAvd Kleij, Vis JBD, Olivot JM, et al. Magnetic resonance imaging and cerebral
ischemia after aneurysmal subarachnoid hemorrhage. Stroke. 2017;48(1):239-245.

24. Report of World Federation of Neurological Surgeons Committee on a universal
subarachnoid hemorrhage grading scale. J Neurosurg. 1988;68:985-986.

25. Fisher CM, Kistler JP, Davis JM. Relation of cerebral vasospasm to subarachnoid
hemorrhage visualized by computerized tomographic scanning. Neurosurgery. 1980;
6(1):1-9.

e2614 Neurology | Volume 99, Number 23 | December 6, 2022 Neurology.org/N

Copyright © 2022 American Academy of Neurology. Unauthorized reproduction of this article is prohibited.

D
ow

nl
oa

de
d 

fr
om

 h
ttp

s:
//w

w
w

.n
eu

ro
lo

gy
.o

rg
 b

y 
U

ni
ve

rs
ite

it 
L

ei
de

n 
on

 1
0 

Ju
ly

 2
02

4

http://neurology.org/n

