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Introduction

In patients with aneurysmal subarachnoid hemorrhage 
(SAH), rebleeding of the aneurysm increases the risk of 
poor functional outcome.1 The recently published ULTRA 
trial showed that ultra-early, short-term treatment with 
tranexamic acid (TXA) does not result in a statistically sig-
nificant reduction in the risk of rebleeding, and does not 
improve functional outcome.2,3 Therefore, other strategies 
or interventions are needed that reduce the risk of rebleed-
ing and improve functional outcome after SAH. Since the 
risk of rebleeding is the highest in the first hours after  
rupture,4 emergency aneurysm treatment within 6 h after 
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rupture seems an attractive strategy.5 However, emergency 
aneurysm treatment may also increase the risk of per-proce-
dural complications including rebleeding and ischemia.6–12 
In addition, emergency aneurysm treatment is a logistic and 
economic burden and increases the workload of neurosurgi-
cal and neuroradiological teams considerably. We aimed to 
investigate whether emergency aneurysm treatment within 
6 h after rupture is associated with a decreased risk of poor 
functional outcome compared to patients treated between 6 
and 24 h.

Methods

This was a post hoc study of the ULTRA trial 
(NCT02684812), which was a multicenter randomized, 
controlled trial that included adult patients with spontane-
ous CT-proven subarachnoid hemorrhage in 8 treatment 
centers and 16 referring hospitals in the Netherlands 
between July 2013 and July 2019.2 In ULTRA, only patients 
were included with a most recent rupture ⩽24 h. For the 
current study, exclusion criteria were: (1) no aneurysm 
identified; (2) no aneurysm treatment; and (3) aneurysm 
treatment more than 24 h after rupture.

The following variables were collected: age, sex, clini-
cal condition on admission according to the WFNS score,13 
amount of extravasated blood according to the Fisher et 
al.14 score, use of platelet inhibitors on admission, use of 
anticoagulants on admission, aneurysm location, time of 
rupture, time of presentation at emergency department, 
time of first CT diagnosis, TXA treatment, any rebleeding 
(both before and after randomization), treatment modality, 
time of aneurysm treatment, per-procedural rupture, throm-
boembolic complications during endovascular treatment, 
delayed cerebral ischemia (DCI), modified Rankin Scale 
(mRS) score, and case-fatality after 6 months.

Primary and secondary outcomes

The primary outcome measure was poor functional out-
come, defined as a mRS of 3–6 months after rupture. The 
secondary outcome measure was case-fatality.

Analyses

Patients were divided into two groups: those with aneurysm 
treatment within 6 h and those with aneurysm treatment 
between 6 and 24 h after rupture. Baseline characteristics, 
in-hospital complications, and outcome characteristics 
were described for both groups.

First, we calculated risk ratios (RR) with 95% confi-
dence intervals (CI) for the primary and secondary outcome 
measures with the group of patients treated 6–24 h after 
rupture as the reference group. Adjusted risk ratios (aRR) 
were calculated using Poisson regression with adjustments 
for the following predefined variables: age, sex, WFNS 

score, Fisher score (Fisher 1–3 vs 4), location of the aneu-
rysm (posterior vs anterior circulation), TXA treatment (as 
treated), and aneurysm treatment modality.

Second, we performed additional analyses to adjust for 
potential sources of bias or confounding that may lead to 
worse outcome in the emergency treatment group. Since 
rebleeding shortly after rupture may increase urgency to 
treat the ruptured aneurysm as soon as possible, whereas 
these patients may have been treated in the 6–24 h interval 
if rebleeding had not occurred, this bias by indication leads 
to a larger proportion of patients with a poor prognosis in 
the emergency treatment group. To overcome this source of 
bias, we performed an additional analysis for the primary 
outcome measure in which all patients with rebleeding and 
aneurysm treatment within 6 h were re-categorized to the 
group of patients treated 6–24 h after rupture. Third, we 
performed an analysis to investigate whether emergency 
aneurysm treatment itself impacts functional outcome irre-
spective of rebleeding. For this analysis, we excluded all 
patients with rebleeding of the aneurysm, since rebleeding 
is an important cause of poor functional outcome and a 
major confounder in the main analysis.

Finally, we performed a subgroup analysis for type of 
aneurysm treatment for the primary outcome.

Results

We included 497 patients (aneurysm treatment within 6 h 
after rupture: n = 110; aneurysm treatment 6–24 h after rup-
ture: n = 387) (Figure 1). Baseline characteristics are shown 
in Table 1. A total of 54/110 (49%) patients with aneurysm 
treatment within 6 h had a WFNS score on admission of 4 
or 5, compared to 121/387 (31%) patients with aneurysm 
treatment 6–24 h after rupture. Presentation at the emer-
gency department between 6 AM and 6 PM occurred in 
93/110 (85%) patients with aneurysm treatment within 6 h, 
compared to 162/387 (42%) patients with aneurysm treat-
ment 6–24 h after rupture. Aneurysm treatment between 
6 PM and midnight occurred in 31/110 (28%) patients with 
aneurysm treatment within 6 h, compared to 48/387 (12%) 
patients with aneurysm treatment 6–24 h after rupture. 
Aneurysm treatment during nighttime occurred in 8/497 
(2%) patients of the total cohort.

In-hospital complications and outcome characteristics 
are shown in Table 2. Any rebleeding occurred in 29/110 
(26%) patients with aneurysm treatment within 6 h, com-
pared to 49/387 (13%) patients with aneurysm treatment 
6–24 h after rupture.

Primary and secondary outcome measures

Poor outcome occurred in 63/110 (57%) of patients treated 
within 6 h compared to 145/387 (37%) of patients treated 
6–24 h after rupture (crude RR: 1.53, 95% CI: 1.24–1.88; 
adjusted RR: 1.36, 95% CI: 1.11–1.66). Case-fatality 
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occurred in 29/110 (26%) of patients treated within 6 h 
compared to 54/387 (14%) of patients treated 6–24 h after 
rupture (crude RR: 1.89, 95% CI: 1.27–2.81; adjusted RR: 
1.57, 95% CI 1.07–2.33).

Secondary analysis: All patients with rebleeding 
in 6–24 h group

Rebleeding occurred in 29 patients who had aneurysm 
treatment within 6 h after rupture. If these patients were 
added to the group of patients with aneurysm treatment 
between 6 and 24 h after rupture, the crude RR for poor 
functional outcome for treatment within 6 h after rupture 
was 1.19 (95% CI: 0.92–1.53) and the adjusted RR 1.03 
(95% CI: 0.82–1.29).

Tertiary analysis: Exclusion of patients with rebleeding

For this analysis, 78 patients with any rebleeding were 
excluded. Poor functional outcome occurred in 39/81 
patients (48%) treated within 6 h and in 113/338 (33%) 

patients treated between 6 and 24 h after rupture (crude RR: 
1.44, 95% CI: 1.10–1.89; adjusted RR: 1.23, 95% CI: 
0.96–1.58).

Subgroup analysis: Type of aneurysm treatment

In patients with endovascular aneurysm treatment, poor 
functional outcome occurred in 48/89 patients (54%) 
treated within 6 h and in 107/299 (36%) patients treated 
between 6 and 24 h after rupture (crude RR: 1.51, 95% CI: 
1.18–1.93; adjusted RR: 1.34, 95% CI: 1.06–1.70). In 
patients with neurosurgical aneurysm treatment, poor func-
tional outcome occurred in 15/21 patients (71%) treated 
within 6 h and in 38/88 (43%) patients treated between 6 
and 24 h after rupture (crude RR: 1.65, 95% CI: 1.15–2.37; 
adjusted RR: 1.45, 95% CI: 1.01–2.08).

Discussion

This study showed that aneurysm treatment within 6 h after 
rupture is not associated with better functional outcomes 

Pa�ents included in ULTRA trial 
(n=955)

Pa�ents with aneurysmal SAH 
(n=813)

No aneurysm iden�fied 
(n=142)

No aneurysm treatment 
(n=108)

Pa�ents with aneurysm treatment 
(n=705)

Other reasons of 
exclusion:

- Aneurysm treatment 
>24 hours a�er rupture 

(n=180)
- Interval between 

rupture and aneurysm 
treatment unclear (n=22)

- No modified Rankin 
scale score available (n=6)

Included pa�ents (n=497)

Pa�ents treated <6 hours a�er 
rupture (n=110)

Pa�ents treated 6-24 hours a�er 
rupture (n=387)

Figure 1.  Flowchart.
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Table 1.  Baseline characteristics according to time of aneurysm treatment.

All patients (n = 497) Aneurysm treatment  
<6 h after rupture (n = 110)

Aneurysm treatment  
6–24 h after rupture (n = 387)

Median age (IQR) 57 (49–65) 56 (48–64) 57 (49–66)
Female sex (n, %) 353 (71) 74 (67) 279 (72)
WFNS score on admission (n, %)
  1 184 (37) 27 (25) 157 (41)
  2 104 (21) 21 (19) 83 (21)
  3 29 (6) 8 (7) 21 (5)
  4 111 (22) 34 (31) 77 (20)
  5 64 (13) 20 (18) 44 (11)
  Unknown 5 (1) – 5 (1)
Fisher score on admission (n, %)
  1 – – –
  2 22 (4) 2 (2) 20 (5)
  3 157 (32) 24 (22) 133 (34)
  4 318 (64) 84 (76) 234 (60)
Use of platelet aggregation inhibitors on 
admission (n, %)

51 (10) 10 (9) 41 (11)

Use of anticoagulants on admission (n, %) 10 (2) 5 (5) 5 (1)
TXA treatment (as treated population) (n, %) 243 (49) 44 (40) 199 (51)
Aneurysm circulation (n, %)
  Anterior 424 (85) 91 (83) 333 (86)
  Posterior 72 (14) 19 (17) 53 (14)
  Unclear 1 (<1) – 1 (<1)
Time of arrival in hospital (n, %)
  00.00–05.59 h 73 (15) 4 (4) 69 (18)
  06.00–11.59 h 99 (20) 35 (32) 64 (17)
  12.00–17.59 h 156 (31) 58 (53) 98 (25)
  18.00–23.59 h 160 (32) 12 (11) 148 (38)
  Unknown 9 (2) 1 (1) 8 (2)
Aneurysm treatment modality (n, %)
  Endovascular 388 (78) 89 (81) 299 (77)
  Clipping 109 (22) 21 (19) 88 (23)
Time of aneurysm treatment (n, %)
  00.00–05.59 h 8 (2) 3 (3) 5 (1)
  06.00–11.59 h 152 (31) 9 (8) 143 (37)
  12.00–17.59 h 258 (52) 67 (61) 191 (49)
  18.00–23.59 h 79 (16) 31 (28) 48 (12)

Table 2.  In-hospital complications and outcomes according to time of aneurysm treatment.

All patients (n = 497) Aneurysm treatment  
<6 h after rupture (n = 110)

Aneurysm treatment  
6–24 h after rupture (n = 387)

Any rebleeding* (n, %) 78 (16) 29 (26) 49 (13)
Per-procedural rupture (n, %) 53 (11) 27 (25) 26 (7)
DCI (n, %) 137 (28) 36 (33) 101 (26)
Thromboembolic complications during 
endovascular treatment (n, %)

46/388 (12) 9/89 (10) 37/299 (12)

Poor functional outcome (n, %) 208 (42) 63 (57) 145 (37)
Case-fatality (n, %) 83 (17) 29 (26) 54 (14)

*Any rebleeding, both prior and after randomization.
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compared to treatment between 6 and 24 h. In additional 
analyses, in which we adjusted for potential sources of bias 
or confounding at the expense of emergency aneurysm 
treatment, treatment within 6 h after rupture was also not 
associated with better outcomes. Similar effects were 
observed in patients with endovascular and neurosurgical 
aneurysm treatment.

A randomized trial at the end of the 1980s found no dif-
ference in outcome in SAH patients with aneurysm treat-
ment within 3 days after rupture versus delayed aneurysm 
treatment more than 7 days after rupture.15 Since then, tim-
ing of aneurysm treatment has shifted from a delayed phase 
to an early phase within 72 h after rupture. More recent stud-
ies focused on aneurysm treatment within 72 h after rupture 
and found that aneurysm treatment within 24 h is not associ-
ated with better outcomes than aneurysm treatment 24–72 h 
after rupture.16–18 Nevertheless, treatment within 24 h is 
common practice in most centers, and supported by the 
guidelines of the American Heart Association, which rec-
ommend aneurysm treatment as early as feasible.19

Although aneurysm treatment within 6 h after rupture 
may theoretically decrease the risk of rebleeding and hereby 
increase the chances of good functional outcome, our data 
do not show better outcomes in patients treated within 6 h. 
Instead, we found a higher proportion of poor functional 
outcome and case-fatality in patients treated within 6 h 
compared to 6–24 h after rupture. Although bias by indica-
tion may play a role, similar findings were found after 
adjustment for several baseline characteristics including 
clinical condition on admission and Fisher scale. A poten-
tial explanation for the worse outcomes in the group of 
patients treated within 6 h, may be that re-rupture, including 
per-procedural rupture, of the aneurysm was more common 
in the group of patients treated within 6 h compared to 
patients with aneurysm treatment 6–24 h after rupture.12 
However, also in our secondary and tertiary analyses, in 
which we accounted for the higher proportion of rebleeding 
in the group of patients treated within 6 h, treatment within 
6 h was not associated with better outcomes. A second 
explanation may be that emergency aneurysm treatment, or 
related general anesthesia, increases the extent of early 
brain injury and the risk of DCI and hereby results in worse 
outcomes. This second explanation is supported by the 
observation of worse outcomes in patients treated within 
6 h after rupture in our tertiary analysis, in which all patients 
with rebleeding were excluded.

For the purpose of the ULTRA trial, no data were col-
lected on reasons for treatment within 6 h or after 6–24 h. 
However, the data on time of presentation to the emergency 
department and time of aneurysm occlusion show that the 
majority of patients who were treated within 6 h presented 
to the emergency department between 6 AM and 6 PM, and 
that most patients who had aneurysm treatment 6–24 h after 
the bleeding presented to the emergency department in the 

evening or during the night. Since only very few patients 
were treated during the night, these data suggest that time 
of presentation to the emergency department during even-
ing or night times was an important reason to delay aneu-
rysm treatment to the next day.

A strength of our study is that we used data from a 
recently completed randomized controlled trial, in which 
data were prospectively recorded. As a result, we only had 
small numbers of missing data. In addition, because of the 
ULTRA research question, we had detailed data on timing 
of rupture and aneurysm treatment. Since this was a post-
hoc study of the ULTRA trial, the research nurse who per-
formed the outcome assessment 6 months after rupture was 
not aware of the current research question. Since all patients 
included in the ULTRA trial had bleeding of the aneurysm 
in the previous 24 h and most instances of aneurysmal 
rebleeding occur within the first 24 h after rupture, this 
cohort was suitable for the current research question. A 
limitation of our study is that the patients were not rand-
omized for timing of aneurysm treatment, so the results are 
prone to bias by indication. Aneurysm treatment may have 
been prioritized because of a poor clinical condition or 
because of aneurysmal rebleeding and an inherent neuro-
logical worsening. This will have resulted in differences in 
baseline characteristics between the two groups and the 
higher proportion of rebleeding in the patients with aneu-
rysm within 6 h after rupture. Although we performed 
regression analyses with adjustments for variables such as 
WFNS score, and additional analyses to account for bias by 
indication in patient with rebleeding, this did not change 
our findings.

We conclude that our results do not support a strategy in 
which major efforts are made to treat every patient with a 
ruptured aneurysm within 6 h after rupture. Since this was a 
non-randomized comparison and the data even suggest that 
aneurysm treatment within 6 h results in worse outcomes, 
we recommend further studies on this subject. A rand-
omized controlled trial will not be easy to perform, but 
should be considered.
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Informed consent

The ULTRA trial used a deferred consent procedure, under the 
exception from informed consent requirements for emergency 
research. As soon as the informed consent dialog no longer inter-
fered with proper and rapid diagnosis and aneurysm treatment, 
patients or their legally authorized representatives were notified 
about enrollment into the trial by the research team and asked to 
provide written informed consent for continued tranexamic acid 
treatment (if applicable) and data collection until the end of the trial.
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