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Abstract

0.72-9.79).

ping is still a routine procedure in many countries.

Background Aneurysmal subarachnoid hemorrhage (SAH) is a vascular pathology with high morbidity and mortality
that requires timely management to reduce the risk of complications. However, the ideal time for aneurysm clip-

ping is still controversial. This study aimed to compare the degree of functional capacity at discharge of patients who
underwent surgery for rupture of a cerebral aneurysm at different periods of time until surgery.

Results 132 patients who underwent surgery for SAH due to aneurysm rupture were included. The mean age was
52.5 years and 69.7% of participants were female. At admission, 96.2% were given a score of 1-3 on the World Federa-
tion of Neurological Surgeons scale and 79.6% received a score of 1-2 on the Hunt Hess scale. 8.3% of cases under-
went surgery within the first 3 days of bleeding. The average time from clinical manifestation to surgical intervention
was 7.1 days. At discharge 77.27% of patients presented good functional capacity. After adjusting for confounders,
multivariate analysis showed a trend towards increased, albeit not statistically significant, risk in patients undergo-

ing surgery at between 4 and 10 days (RR=2.95 95% Cl 0.80-10.87) and at> 10 days after SAH (RR=2.65. 95% Cl

Conclusions Despite the trend towards a higher probability of presenting poor functional capacity at discharge in
patients undergoing aneurysm clipping more than 3 days after SAH, the differences were not statistically significant.
There is a need for prospective randomized studies evaluating the best time to clip aneurysms, since aneurysm clip-
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Background

Subarachnoid hemorrhage (SAH) caused by aneurysm
rupture is an acute cerebrovascular event in which the
bleeding occurs in the subarachnoid space normally
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occupied by cerebrospinal fluid. Although SAH accounts
for only 5% of all cerebrovascular events, this pathology
has a lethality rate of up to 50% [1].

SAH affects 6 to 9 per every 100,000 individuals world-
wide [2], while in Peru, the incidence rate of SAH was
4.31 cases per 100,000 people [3] in 2018. In addition, in
2019 the Analysis of the Health Situation of Peru cata-
loged cerebrovascular events as the third most frequent
cause of death in this territory [4].

As this pathology progresses, problems including
rebleeding and/or vasospasm may occur, making timing
crucial for achieving positive clinical and neurological
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outcomes in the case of a SAH [5]. The likelihood of dis-
ability and mortality, which typically manifest at certain
time intervals, is increased in patients with SAH [6].

Rebleeding most frequently occurs within the first 24 h
after the onset of bleeding, with the first 6 h carrying the
highest risk of this consequence [5, 7]. Rebleeding has
been associated with a higher likelihood of disability fol-
lowing the cerebrovascular episode [8].

Vasospasm is the constant constriction of intracranial
blood vessels that can occur secondary to SAH [9]. The
main time frame for the manifestation of this complica-
tion is the first 3 weeks after the onset of bleeding, with
the fourth through tenth day having the highest risk of
cerebral ischemia induced by vasospasm [10].

Early surgery (before day 3) may be desirable in order
to prevent these two problems, however early surgery
is not always possible. Patients with a poor initial clini-
cal condition (Hunt and Hess score of 4 to 5) typically
undergo surgery later since they may present substantial
cerebral edema that can worsen cerebral ischemia [11,
12].

On the other hand, early surgery requires rapid medical
response, the availability of tomography and angiography
for achieving an early diagnosis, and the presence of a
team of surgeons who are experts in the field. However,
most Peruvian health care facilities typically do not have
access to this infrastructure, thereby delaying treatment
[13].

The ideal time for definitive surgical management of a
ruptured cerebral aneurysm is still controversial [14]. A
systematic review and meta-analysis reported high het-
erogeneity and inconsistency among studies addressing
the relationship between neurological outcomes and time
to surgery, with no significant differences in having poor
clinical and neurological outcomes between those oper-
ated within, before or after the 3-day period following the
hemorrhage [15]. This review also noted that studies that
take into account the level of bleeding as a confounding
factor are needed.

Additional research is therefore necessary to bet-
ter understand the variation in risk among individuals
over time until surgery in patients with a ruptured SAH.
This study aimed to determine the association between
the degree of functional capacity and the bleeding time
until surgery in patients with SAH treated in the Vascu-
lar Neurosurgery Service of the Hospital Nacional Dos de
Mayo in Lima, Peru.
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Methods

An observational, retrospective cohort study was con-
ducted. The study population consisted of patients diag-
nosed with ruptured cerebral aneurysms in a referral
hospital in Peru between 2018 and 2021.

During the study period all cases of SAH result-
ing from a ruptured cerebral aneurysm were included.
The exclusion criteria were: cases with incomplete data
related to the predictor or outcome variable, patients
undergoing surgery for an arteriovenous malformation,
and patients intervened for unruptured aneurysms.

The sample size was calculated to be 130 cases, with
proportions of 0.32 for those with poor functional sta-
tus at discharge and 0.68 for those with good functional
status at discharge when comparing surgical interven-
tion times before and after 3 days [10].

The term bleeding time was used to refer to the time
from the recognition of the vascular event to the time
of definitive surgical intervention, and the degree of
functional capacity was defined by evaluation using the
modified RANKIN scale at medical discharge [16]. The
variables of age, sex, arterial hypertension, diabetes,
obesity, Hunt and Hess scale, WENS scale, Fisher scale,
rebleeding, hydrocephalus, delayed cerebral ischemia,
aneurysm size, aneurysm location, presence of addi-
tional unruptured aneurysms, and nosocomial infec-
tion were also analyzed.

The following cut-off points were used for the vari-
able of bleeding time: 1 to 3 days, 4 to 10 days, and
greater than 10 days, with the first period being con-
sidered early surgery, the second intermediate surgery,
and the last period was considered as late surgery [10].

The modified Rankin scale was reclassified as a poor
degree of functional capacity (4—6 points) and a good
degree of functional capacity for the functional degree
variable at discharge (0-3 points) [16].

A descriptive analysis was performed using absolute
and relative frequencies for the categorical variables,
while the mean and standard deviation, or median and
interquartile range were used for the numerical vari-
ables, according to the distribution of normality.

In the bivariate analysis, Chi-square and T-tests were
used, as appropriate. In order to avoid sparse data bias,
only variables that had at least 10 observations in the
category of interest were included in the bivariate and
multivariate analyses [17].

Generalized linear models of the Poisson family were
used to evaluate the relationship between bleeding time
until surgery and functional grade at discharge. These
models used log links and robust variances to calculate
relative risks (RR) at 95% confidence intervals (95% CI).
A p value less than 0.05 was considered significant. The
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statistical program Stata version 17.0 (Stata Corp, Col-
lege Station, TX) was used for all analyses.

Results

Of the 158 patients initially identified for inclusion,
those diagnosed with a ruptured arteriovenous mal-
formation (#=7), an unruptured cerebral aneurysm
(n=5), and those with incomplete data on the predictor
or outcome variable (n=14) were excluded. The study
included 132 patients who had undergone treatment
for aneurysmal SAH. All the patients received surgical
clipping.

In the descriptive analysis (Table 1), the mean age was
52.59 years, with a minimum age of 14 years and a maxi-
mum of 86 years. Females made up 69.70% (n=92) of the
total number of participants. Arterial hypertension was
present in 45.45% (n=60) of the patients studied. There
was no other relevant medical history was reported
among the study participants.

At the time of hospitalization, all patients reported
headache. On neurological evaluation, 96.21% (n=127)
received a score less than 3 on the WENS scale, and only
5 patients had a score greater than 3. For the Hunt and
Hess scale, 79.55% (n=105) of patients received a score
less than 2, with no patient receiving a score of 5. Fur-
thermore, 56.82% (n=57) presented a Fisher scale score
of 3 to 4. The average time from clinical manifestation to
surgical intervention was 7.1 days.

The mean size of the ruptured aneurysm was 5.62 mm,
with the posterior communicating artery being the most
common site (32.58%; n=43), followed by the middle
cerebral artery (25.76%; n=34), and the anterior com-
municating artery (24.24%; n=232). All the aneurysms
registered in this analysis were saccular. In addition,
additional unruptured cerebral aneurysms were found in
10.61% (n=14) of the patients.

The bleeding time to surgery was 1 to 3 days in 8.32%
(n=11) of the patients, 4 to 10 days in 44.71% (n=59),
and greater than 10 days in 46.97% (1=63). Rebleed-
ing was present in 9.85% (1=13), and delayed cerebral
ischemia was reported in 11.36% (n=15). A good func-
tional grade at discharge was reported in 77.27% (n=102)
of the patients.

The bivariate analysis (Table 2) showed no significant
differences between the degree of functional capacity at
discharge and the length of bleeding time, with 18.18%
of patients with a poor degree of high functional capac-
ity undergoing surgery within the first 3 days, 23.73%
at between 4 and 10 days, and 22.58% after 10 days
(p=0.921).

Furthermore, among patients with a low level of func-
tional capacity at discharge, 44.44% had a high score on
the Hunt and Hess scale, while only 17.14% had a score
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Table 1 Characteristics of the patients undergoing surgery for
subarachnoid hemorrhage secondary to aneurysmal rupture
(n=132)

Variable n %
Sex
Female 40 30.30
Male 92 69.70
Age (years)* 52.52+15.03

Arterial hypertension

No 72 54.55

Yes 60 4545
Diabetes

No 128 96.97

Yes 4 3.03
Obesity

No 125 94.70

Yes 8 5.30
Vomiting

No 83 62.88

Yes 49 37.12
Sensory disorder

No 68 5152

Yes 64 4848
Motor deficit

No 116 87.88

Yes 16 1212
WENS score

1a3 127 96.21

4a5 5 3.76
Hunt Hess score

1a2 105 79.55

3a4 27 2045
Fisher score

la2 57 43.18

3a4 75 56.82
Aneurysm size (mm)" 562+223
Multiple aneurysms

No 118 89.39

Yes 14 1061
Aneurysm location

Anterior cerebral artery 32 24.24

Posterior cerebral artery 43 3258

Middle cerebral artery 34 25.76

Internal carotid artery 14 10.61

Others 9 6.82
Rebleeding

No 119 90.15

Yes 13 9.85
Hydrocephalus

No 125 94.70

Yes 7 5.30

Delayed cerebral ischemia
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Table 1 (continued)

Variable n %
No 17 88.64
Yes 15 11.36

Nosocomial infection
No 119 90.15
Yes 13 9.85

Bleeding time (days)

Tto3 11 832
41010 59 44.71
More than 10 62 46.97

Rankin score
Good grade (0-3) 102 77.27
Bad grade (4-6) 30 2273

*Mean and standard deviation
* Missing values
WEFNS: World Federation of Neurological Surgeons

between 1 and 2, with these differences being statistically
significant (p=0.003).

In patients with poor functional capacity at dis-
charge, 46.15% developed rebleeding while 20.17% did
not (p=0.034) and 60% presented delayed cerebral
ischemia while 17.9% did not (p =0.001).

In the crude regression analysis (Table 3), there were
no significant differences in relation to the poor degree
of functional capacity at discharge, between those
undergoing surgery on days 4 to 10 (RR: 1.31; 95% CI
0.34—4 0.98) (p=0.697) and those intervened after the
10th day (RR: 1.24, 95% CI 0.32—4.75) (p=0.751), com-
pared to patients undergoing surgery on or before the
day 3.

The Hunt and Hess scale score (RR: 2.59; 95% CI
1.43-4.71) (p=0.002), rebleeding complications (RR:
2.29; 95% CI 1.15-4.56) (p=0.019) and late cerebral
ischemia (RR: 3.34; 95% CI 1.89-5.90) (p<0.01) were
independent risk factors.

The risk of having a poor functional capacity at dis-
charge tended to be higher in patients undergoing sur-
gery at between 4 and 10 days after SAH (adjusted RR:
2.95; 95% CI 0.80-10.87) and after 10 days (adjusted
RR: 2.65; 95% CI 0.72-9.79), although these differences
were not statistically significant after adjusting for age,
gender, hypertension, Hunt and Hess score, Fisher
score, rebleeding, delayed cerebral ischemia, aneurysm
size, cerebral circulation, and nosocomial infections.

Additionally, it was found that patients presenting
delayed cerebral ischemia had a 2.42-fold greater risk
of presenting a poor functional grade at discharge com-
pared to those without this complication (adjusted RR:
2.42, 95% CI 1.05-5 0.58) (p=0.038). A high Hunt and
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Hess scale score at hospital admission increased the risk
of having a poor functional capacity grade at discharge
(adjusted RR: 2.44, 95% CI 0.97-6.12) (p=0.057),
although the p-value was marginally significant.

Discussion

Our study found that the average time from clinical man-
ifestation to surgical intervention was 7.1 days, possibly
due to the limited access to healthcare services and a
weak referral system between health centers in the coun-
try. However, our results indicate that performing sur-
gery after the initial 3 days did not significantly increase
the risk of a low degree of functional capacity at discharge
compared to those who had surgery within the first
3 days. It is important to note that our findings revealed a
marginal tendency towards increased risk for those oper-
ated on after 3 days. Other studies have reported a higher
risk for patients undergoing endovascular treatment after
3 days, indicating that more research is necessary to cor-
roborate our results. Furthermore, aneurysmal clipping
remains the primary form of treatment in this country,
making our study findings crucial for improving patient
outcomes and underscores the importance of addressing
the systemic barriers to timely surgical intervention in
low- and middle-income countries.

A systematic review found no statistically differences in
the global estimates of poor outcome in patients under-
going surgery before and 3 days after SAH. However, the
subgroup of patients with a good Hunt and Hess score at
hospital admission (less than 3) who underwent early sur-
gery, presented better clinical outcomes and a lower mor-
tality when compared to those undergoing surgery after
3 days. It should be noted that this study only included
patients undergoing microsurgery, which differs from the
type of surgical intervention performed in our study [15].

Similarly, another systematic review of patients who
underwent endovascular treatment found no differences
in neurological outcomes between those who underwent
surgery before and after the first 3 days following SAH.
However, patients undergoing surgery before day 1 had a
lower possibility of poor outcomes than those intervened
later than the first day after SAH [18].

These two systematic reviews seem to support the
assumption that "as soon as feasible" is the optimal time
for intervention, particularly for patients in a good ini-
tial clinical condition. These scenarios are unfeasible for
low- and middle-income countries such as Peru, in which
microsurgery and the endovascular methods are only
available in specialized hospitals. Additionally, hyper-
early surgery (before day 1) would not be feasible in most
cases in Peru, since the average time of arrival to hospital
of a patient with a cerebrovascular event is 51 h after the
onset of the clinical presentation (18).
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Table 2 Characteristics of the patients undergoing surgery according to the degree of functional capacity at discharge

Variable Rankin score Valor p*

Good grade (n=102) Poor grade (n=30)

Sex
Female 33 (82.50%) 7 (17.50%) 0.345
Male 69 (75.00%) 23 (25.00%)

Age (years)* 51771511 55.07+14.74 0.293%

Arterial hypertension
No 56 (77.78%) 16 (22.22%) 0.879
Yes 46 (76.67%) 14 (23.33%)

Hunt Hess score
1a2 87 (82.86%) 18 (17.14%) 0.003
3a4 15 (55.56%) 12 (44.44%)

Fisher score
Ta2 48 (84.21%) 9 (15.79%) 0.097
3a4 54 (72.00%) 21 (28.00%)

Aneurysm size (mm)" 548+228 6.13+201 0.197°

Multiple aneurysms
No 92 (77.97%) 26 (22.03%) 0.581
Yes 10 (71.43%) 4(28.57%)

Cerebral circulation
Anterior circulation 73 (82.02%) 16 (17.98%) 0.061
Posterior circulation 29 (67.44%) 14 (32.56%)

Rebleeding
No 95 (79.83%) 24 (20.17%) 0.034
Yes 7 (53.85%) 6 (46.15%)

Delayed cerebral ischemia
No 96 (82.05%) 21 (17.95%) 0.001
Yes 6 (40.00%) 9 (60.00%)

Nosocomial infection
No 92 (77.31%) 27 (22.69%) 0.975
Yes 10 (76.92%) 3 (23.08%)

Bleeding time (days)
1t03 9 (81.82%) 2 (18.18%) 0.921
41010 45 (76.27%) 14 (23.73%)

More than 10 48 (77.42%) 14 (22.58%)

" Chi-square

S t-test

* Missing values

In relation to the surgical clipping intervention, a sys-
tematic review found that early surgery (0 to 3 days) and
intermediate surgery (4 to 7 7 days) showed better results
than late surgery (after 7 days) in patients in good con-
dition. However, this review had the limitation that the
patients were from different cohorts, and thus, the com-
parisons were indirect [19]. As a result, the optimal time
for definitive surgical intervention remains controversial,
and prospective randomized studies considering different
periods and types of approach are still needed.

There are also some limitations to consider. Despite
the fact that four years of surgical interventions were
studied, the sample size might be limited. Further-
more, because some confounders had very few obser-
vations in the category of interest, they were excluded
from the multivariate analysis. However, the adjusted
model included the main confounders. Finally,
although the Hunt and Hess score was included as a
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Table 3 Analysis of the association between bleeding time and the degree of functional capacity at discharge
Variable RR crude (95% Cl) p value RR adjusted (95% CI)* p value
Bleeding time (days)

1to3 Ref Ref

4t010 1.31(0.34-4.98) 0.697 2.95(0.80-10.87) 0.105

More than 10 1.24 (0.32-4.75) 0.751 2.65(0.72-9.79) 0.145
Sex

Female Ref Ref

Male 143 (0.67-3.06) 0.36 141 (0.54-3.68) 0.485
Age (years)* 1.01 (0.99-1.03) 0.291 1.01 (0.98-1.03) 0614
Arterial hypertension

No Ref Ref

Yes 1.05 (0.56-1.98) 0.88 1.02 (0.50-2.10) 0.954
Hunt Hess score

1a2 Ref Ref

3a4 2.59(1.43-4.71) 0.002 244(097-6.12) 0.057
Fisher score

Ta2 Ref Ref

3a4 1.77 (0.88-3.58) 0.11 0.77 (0.31-1.93) 0.579
Aneurysm size (mm)* 1.10 (0.97-1.25) 0.142 1.04 (0.93-1.17) 0.491
Multiple aneurysms

No Ref Ref

Yes 1.30 (0.53-3.18) 0.571 146 (0.50-4.24) 0.487
Cerebral circulation

Anterior circulation Ref 0.061 Ref

Posterior circulation 1.81(0.97-3.37) 1.49(0.74-3.01) 0.265
Rebleeding

No Ref Ref

Yes 2.29 (1.15-4.56) 0.019 1.14 (0.46-2.83) 0.771
Delayed cerebral ischemia

No Ref Ref

Yes 3.34(1.89-5.90) <0.001 242 (1.05-5.58) 0.038
Nosocomial infection

No Ref Ref

Yes 1.02 (0.36-2.91) 0.975 0.77 (0.18-3.28) 0.719
*Relative risk adjusted for all covariates shown in this table, "Missing values
RR: relative risk; Cl: confidence interval
confounder, there were not enough data in the cat-  Abbreviations _
egory of interest to present stratified models for this 3@;&5 Cvgertgy;ergzlr;ﬁssrg?ggi'ilzzzg‘r ghuargions e
variable. RR Relative risk

cl Confidence interval

Conclusion

The ideal time for the definitive treatment of aneurys-
mal SAH is still controversial. In this study, patients
who underwent aneurysm clipping later than the first
3 days after SAH had a lower degree of functional
capacity at discharge than those undergoing aneurysm
clipping within the first 3 days. However, this difference
was not statistically significant.
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