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Objective: minimization of the risks of complications of microsurgical 
intervention (MI) for cerebral aneurysm (CA) rupture due to established clinical 
and neuroimaging predictors.
Material and methods. Evaluation of microsurgical treatment of 418 
patients in the acute period of cerebral aneurysms (CA) rupture in the 2013-
2018 period, that were operated at the Vascular Neurosurgery Center of the 
Dnipropetrovsk Regional Clinical Hospital named after I.I. Mechnikov, taking 
into account factors that may have an influence on favorable or unfavorable 
functional consequences. Age, gender, as well as clinical-neurological and 
neuroimaging assessment of the condition of patients according to the 
severity of aneurysmal subarachnoid hemorrhage (SAH) according to the 
Hunt-Hess classification, WFNS, level of consciousness impairment according 
to the Glasgow Coma Scale (GCS) were studied. The severity of aneurysmal 
subarachnoid hemorrhage was evaluated according to the Fisher prognostic 
scale according to the performed spiral computed tomography (SCT). Cerebral 
angiospasm (CAS) was evaluated according to cerebral angiography (CAG), 
and its severity according to transcranial dopplerography (TCD) on the day 
of hospitalization and surgery. The performed microsurgical intervention (MI) 
was evaluated according to the Glasgow Outcome Scale (GOS). The study was 
both retrospective and prospective.
Results. Among 77 (18.4%) patients with adverse consequences of MI 
according to 1-3 points of GOS, a dependence was reliably found on the level 
of consciousness disturbance according to GCS, the severity of meningeal and 
focal symptoms, the severity of parenchymal hemorrhage, CAS manifestations 
on the day of surgery according to TCD, the duration of surgery after the 
rupture of CA (p<0.001). There was no statistically significant relationship 
between age, sex, localization, form and side of CA rupture. Also, a strong 
inverse correlation was found between GCS and classification of SAH according 
to WFNS rs=‒0.96 (95% CI 0.96-0.97) and Hunt-Hess rs=‒0.81 (95% CI 0.77-
0.84) during hospitalization.
Conclusions. The effectiveness of MI in the case of CA rupture depends on 
the severity of prognostic criteria of clinical and neurological examination 
- evaluation by the GCS, neurological disorders, severity of parenchymal 
hemorrhage, manifestations of CAS on the day of surgery for TCD, the 
duration of surgery after CA rupture. Revealed relationship between the score 
according to the GOS, classifications of SAH according to the WFNS and Hunt-
Hess significantly simplifies diagnostic measures during the examination of 
patients in the acute period of CA rupture.
Keywords: cerebral aneurysms; microsurgical intervention; clinical predictors 
of the outcome

Introduction
The incidence of cerebral aneurysms (CA) among the 

adult population averages 3.2% (1.9‒5.2%). CA rupture 
occurs in 6 out of 100,000 people in developed countries. 
It leads to the development of 5‒7% of strokes annually 
with high mortality [1‒4].

The subject of discussions is not only the method 
of CA exclusion, but also the timing of intervention. 
Determining clinical and neuroimaging predictors of 
complications will minimize risks and establish the 
optimal period for surgical intervention. This is especially 

relevant for microsurgical methods. To predict the 
consequences of aneurysmal subarachnoid hemorrhage 
(SAH), the clinical and neurological condition, type, 
distribution, and volume of intracranial hemorrhage 
detected during neuroimaging examination are 
traditionally used [5‒8]. It has been established that 
the influence of such predictors is a mandatory link in 
the pathogenesis of aneurysmal SAH, determining the 
management strategy for patients [9‒11].

Some authors suggest operating without considering 
the severity of predictors (severity and spread of cerebral 
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angiospasm (CAS), initial manifestations of early cerebral 
edema according to neuroimaging data) at the time of 
hospitalization of patients using a timely and aggressive 
treatment strategy (early or ultra-early surgery). Most 
published series define "early surgical intervention" as 
performed within 48–72 h after CA rupture, in a small 
number of series defining it as performed within 24 h 
[12]. The disadvantage of this approach is the occurrence 
of complications during microsurgical intervention (MI), 
associated with concomitant cerebral edema and the 
risk of intraoperative rupture [13, 14]. First of all, this 
concerns cerebral ischemia, the main pathogenetic 
mechanism of which, according to many authors, is 
angiospasm of varying degrees of severity, which 
negatively affects the treatment outcome [15, 16].

Another traditional approach to patient management 
involves performing surgical intervention after the 
regression of unfavorable predictors (improvement 
of the level of consciousness and neurological deficit, 
regression of the development of CAS and secondary 
cerebral ischemia) mainly on the 10th-14th day after 
the rupture. However, a disadvantage of this approach 
and the associated technique is the threat of recurrent 
bleeding in the acute period of CA rupture, which is 
associated with high mortality rate [17].

Therefore, the choice of treatment strategy for the 
specified category of patients should be individual, taking 
into account many factors [18, 19].

Objective: to minimize the risk of complications 
of microsurgical intervention for cerebral aneurysms 
rupture using established clinical and neuroimaging 
predictors.

Materials and methods
Study design
A single-center retrospective and prospective 

controlled study was conducted. Case history data of 
329 patients who underwent microsurgery between 2013 
and 2017 were analyzed. The prospective cohort study 
was conducted in 2018.

Study participants
The outcomes of microsurgical treatment of 418 

patients who underwent surgery in 2013‒2018 at the 
Vascular Neurosurgery Center of the Dnipropetrovsk 
Regional Clinical Hospital named after I.I. Mechnikov in 
the acute period of CA rupture were evaluated, taking 
into account factors that may influence favorable or 
unfavorable functional consequences. The age of patients 
ranged from 18 to 76 years. Gender distribution was 
equal (209 females and 209 males).

Informed and voluntary written consent for 
participation in the study was obtained from all patients 
or their legal representatives.

The study was approved by the institutional review 
board of Dnipro State Medical University (Minutes No. 
6 dated June 30, 2020)

Inclusion criteria
Patients in the acute period of CA rupture, verified 

by neuroimaging methods, aged over 18 years, who 
underwent MI, were included in the study.

Characteristics of groups
The distribution by age, clinical-neurological and 

neuroimaging assessment of patients' conditions 
according to the severity of aneurysmal SAH according 

to the Hunt‒Hess and World Federation of Neurological 
Surgeons (WFNS) scales, and the level of impaired 
consciousness according to the Glasgow Coma Scale 
(GCS) were analyzed. The severity of aneurysmal SAH 
was assessed according to the Fisher prognostic scale 
based on the data of spiral computed tomography, CAS 
- based on the data of cerebral angiography (CAG), its 
severity – according to transcranial dopplerography 
(TCD) on the day of hospitalization and surgery. 
Evaluation of MI outcomes was carried out using the 
Glasgow Outcome Scale (GOS).

Statistical analysis
Statistical processing of the study materials was 

carried out using Kingsoft Office Software (WPS Office), 
Python v3.9.5 (https://www.python.org/downloads) 
and JupyterLab (https://jupyter.org/install) software 
packages. Comparison of independent groups by 
quantitative characteristics with normal distribution of 
values was performed using the Student's t-test (t), and 
for unconjugated samples with distribution that differed 
from normal or with inequality of variances, using 
Mann-Whitney (U) test. The statistical significance of 
differences in qualitative variables was assessed using 
Pearson's χ2 test (with Yates' correction in particular) 
or Fisher's exact test. Spearman's rank correlation 
(rs) method with p-values correction for multiple 
comparisons using Holm's method was used for the 
analysis. A value of p=0.05 was chosen as type one 
error. A value of p<0.05 (<5%) was considered critically 
significant for all types of analysis.

Results and discussion
The Glasgow outcome scale allowed for the 

assessment of favorable and unfavorable intervention 
outcomes (Table 1). Favorable outcomes (moderate 
functional disability and good recovery) were observed 
in the majority of patients (81.6%). The mortality rate 
was 9.8%. The difference in clipping outcomes according 
to the GOS was statistically significant (p<0.001).

The age of the patients ranged from 18 to 76 years, 
with the median age of 51.0 years. Younger age of 
patients was associated with better functional outcome.

Adverse consequences (1‒3 points on the GOS) were 
more common in men (43 (55.84%)), but no statistically 
significant difference between men and women was 
found (p=0.813).

Correlation analysis revealed a non-significant 
inversely proportional relationship between age and 
male gender (rs =‒0.12, 95% confidence interval (CI) 
‒ 0.03‒0.22, p=0.011). Adverse consequences and 
younger age were recorded more frequently in men, 
but no statistically significant difference by age and sex 
according to the GOS distribution was found.

At hospital admission, the patients' state of 
consciousness according to the GCS was on average 
(14.04±1.53) points (95% CI ‒ 13.89‒14.19), before MI 
‒ (14.34±1.36) points (95% DI ‒ 14.21‒14.48). In the 
case of adverse consequences of MI, the impairment 
of the level of consciousness according to the GCS was 
statistically significantly worse by 1-2 points compared 
to patients with favorable consequences and was 13.5 
[12.0; 15.0] points. A statistically significant difference 
was established in terms of the level of consciousness 
disturbance according to the GCS during hospitalization 
and on the day of MI (p<0.001). Correlation analysis 
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revealed a directly proportional relationship of average 
strength between the scores by GCS and GOS, both on 
the day of hospitalization (rs =0.39, 95% CI ‒ 0.3‒0.47) 
and on the day of MI (rs =0 .5, 95% CI ‒ 0.42‒0.51, 
p=0.001). It has been proven that a lower level of 
depression of the state of consciousness of patients with 
GCS in the acute period of CA rupture is associated with 
a more favorable MI outcome by GOS.

According to the Hunt‒Hess scale, most patients 
corresponded to grade 1‒3, but 15.2% of them had 
unfavorable outcomes. This was explained by the 
development of CAS and delayed cerebral ischemia (DCI) 
after clipping. The assessment of patients according 
to the Hunt‒Hess scale, which corresponded to grade 
4-5, was statistically significantly associated with 
adverse consequences in 62.1% of cases. A statistically 
significant relationship was found between the results 
of clipping according to GOS and Hunt‒Hess scale 
score (p<0.001). More severe manifestations of SAH 
according to the Hunt‒Hess scale correlated with worse 
MI outcomes (Table 2).

Similar results were obtained when analyzing the 
condition of patients according to the WFNS SAH scale. 
Adverse outcomes were observed in 13.8% of patients 
with grade I-III SAH and 50.9% with grade IV-V SAH. 
Increasing WFNS severity, neurologic deficits that 
persisted or developed on the day of MI were statistically 
significantly (p<0.001) correlated with worse clipping 
outcomes (Table 3).

Increasing SAH severity according to the Fisher 
scale, as expected, statistically significantly led to 
worsening outcomes of microsurgical intervention. More 
than 30% of patients with SAH severity grade 3 according 
to the Fisher scale and nearly 50% with SAH severity 
grade 4 experienced adverse outcomes (Table 4).

The analysis of cerebral angiography (CAG) data, 
performed for all patients on admission to the hospital, 

revealed a statistically significant association between 
adverse outcomes according to the GOS and angiospasm 
development (p=0.036). Among patients with regional 
CAS, adverse outcomes were recorded in 11 cases 
(10.8%). The occurrence of widespread CAS led to 
adverse outcomes of MI (1-3 points) in 15 observations 
(21.2%), while diffuse CAS led to adverse outcomes in 
10 cases (29.4%). Among 212 (100%) patients without 
angiographic signs of CAS, unsatisfactory outcomes 
were also observed in 41 cases (19.3%). In our opinion, 
in 21 cases (51.2%), this was associated with the early 
performance of neuroimaging, with CAS developing after 
MI, resulting in deterioration of the clinical condition 
due to symptomatic CAS and delayed cerebral ischemia 
(DCI). The mortality rate was 7 (6.9%) cases with 
regional CAS, 5 (7%) with widespread, and 6 (17.6%) 
with diffuse.

The surgical outcomes that depended on 
manifestations of CAS according to TCD performed 
before clipping were more evident and reliable (Table 5). 
Adverse outcomes were registered in 49 patients (63.6%) 
with detected CAS on TCD, with 44.4% experiencing 
moderate CAS. Critical nature of CAS led to severe 
functional impairment in one case. Adverse outcomes 
occurred even in the absence of CAS manifestations in 
26.6% of patients (p<0.001). In our opinion, negative 
outcomes in these patients can be explained by the 
presence of other adverse factors.

The timing of the operation was of utmost 
importance: the median was 12.0 [7.0; 17.0] days. 
Among those operated on days 1 to 3, the highest 
number of fatal outcomes was recorded (22.4%), 
while among those operated on after the 14th day, the 
lowest (5.4%). An increase in the time of intervention 
after the cerebral aneurysm rupture statistically 
significantly improved its outcomes according to the GOS  
(p=0.008) (Table 6).

Table 2. Distribution of microsurgical intervention outcomes according to the Glasgow Outcome Scale score 
depending on the Hunt-Hess scale assessment (n=418)

Hunt‒Hess 
scale

GOS, score
Total

1 2 3 4 5

1 4 (9,8%) 0 1 (3,3%) 7 (10,1%) 45 (16,5%) 57 (13,6%)

2 15 (36,6%) 2 (33,3%) 11 (36,7%) 24 (34,8%) 171 (62,9%) 223 (53,3%)

3 11 (26,8%) 3 (50,0%) 12 (40,0%) 30 (43,5%) 53 (19,5%) 109 (26,1%)

4 7 (17,1%) 1 (16,7%) 4 (13,3%) 7 (10,1%) 3 (1,1%) 22 (5,3%)

5 4 (9,8%) 0 2 (6,7%) 1 (1,4%) 0 7 (1,7%)

Total 41 (100,0%) 6 (100,0%) 30 (100,0%) 69 (100,0%) 272 (100,0%) 418 (100,0%)

Table 1. Distribution of patients according to microsurgical intervention 
outcomes according to the Glasgow outcome scale (n=418)

Glasgow outcome scale
Number of patients

Abs. %

Death (1 point) 41 9,8

Persistent vegetative state (2 points) 6 1,4

Severe functional impairment (3 points) 30 7,2

Moderate functional impairment (4 points) 69 16,5

Good recovery (5 points) 272 65,1



40

http://theunj.org

Ukrainian Neurosurgical Journal. Vol. 30, N1, 2024

Table 3. Distribution of microsurgical intervention outcomes according to the Glasgow outcome scale 
depending on the WFNS scale assessment (n=418)

WFNS
GOS, score

Total
1 2 3 4 5

I 15 (36,6%) 2 (33,3%) 12 (40,0%) 26 (37,7%) 192 (70,6%) 247 (59,1%)

II 10 (24,4%) 0 4 (13,3%) 13 (18,8%) 53 (19,5%) 80 (19,1%)

III 1 (2,4%) 1 (16,7%) 6 (20,0%) 17 (24,6%) 15 (5,5%) 40 (9,6%)

IV 13 (31,7%) 3 (50,0%) 8 (26,7%) 13 (18,8%) 12 (4,4%) 49 (11,7%)

V 2 (4,9%) 0 0 0 0 2 (0,5%)

Total 41 (100,0%) 6 (100,0%) 30 (100,0%) 69 (100,0%) 272 (100,0%) 418 (100,0%)

Table 4. Distribution of microsurgical intervention outcomes according to the Glasgow outcome scale score 
depending on the severity grade of subarachnoid hemorrhage according to the Fisher scale (n=418)

Fisher 
scale

GOS, score
Total

1 2 3 4 5

1 5 (12,2%) 0 1 (3,3%) 4 (5,8%) 38 (13,9%) 48 (11,5%)

2 1 (2,4%) 0 1 (3,3%) 6 (8,7%) 78 (28,7%) 86 (20,6%)

3 9 (22,0%) 2 (33,3%) 8 (26,7%) 11 (15,9%) 60 (22,1%) 90 (21,5%)

4 26 (63,4%) 4 (66,7%) 20 (66,7%) 48 (69,6%) 96 (35,3%) 194 (46,4%)

Total 41 (100,0%) 6 (100,0%) 30 (100,0%) 69 (100,0%) 272 (100,0%) 418 (100,0%)

Table 5. Distribution of microsurgical intervention outcomes according to Glasgow outcome scale score 
depending on the data of TCD (n=418)

TCD
GOS, score

Total
1 2 3 4 5

Not detected 
CAS 17 (41,5%) 2 (33,3%) 9 (30,0%) 19 (27,5%) 58 (21,3%) 105 (25,1%)

Mild 17 (41,5%) 1 (16,7%) 14 (46,7%) 37 (53,6%) 185 (68,0%) 254 (60,8%)

Moderate 5 (12,2%) 3 (50,0%) 4 (13,3%) 6 (8,7%) 9 (3,3%) 27 (6,5%)

Expressive 2 (4,9%) 0 2 (6,7%) 7 (10,1%) 20 (7,4%) 31 (7,4%)

Critical 0 0 1 (3,3%) 0 0 1 (0,2%)

Total 41 (100,0%) 6 (100,0%) 30 (100,0%) 69 (100,0%) 272 (100,0%) 418 (100,0%)

Table 6. Distribution of microsurgical intervention outcomes according to the Glasgow 
outcome scale depending on the timing (n=418)

GOS, score
The timing of microsurgical intervention, days

Total
1‒3 4‒8 9‒14 ≥14 

4-5 38 (65,5%) 57 (79,2%) 120 (86,3%) 126 (84,6%) 341 (81,6%)

2-3 7 (12,1%) 6 (8,3%) 8 (5,8%) 15 (10%) 36 (8,6%)

1 13 (22,4%) 9 (12,5%) 11 (7,9%) 8 (5,4%) 41 (9,8%)

Total 58 (100,0%) 72 (100,0%) 139 (100,0%) 149 (100,0%) 418 (100,0%)

An important component in the treatment of CA is 
identifying factors that may cause complications during 
the intervention and their impact on postoperative 
outcomes. Clipping with intracerebral hematoma (ICH) 
removal was performed in 29 (6.9%) patients who 
required it considering the volume and localization of 
the hemorrhage. Adverse outcomes were reported in 

12 (15.5%) of these patients. Rupture of blister-shaped 
CA was more often accompanied by the formation of 
ICH (p<0.001).

In the postoperative period, 15 (3.6%) patients 
required decompressive craniectomy due to the growth 
of CI and the development of dislocation symptoms. 
Adverse outcomes occurred in 13 (86.6%) patients. 
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Therefore, performing decompressive craniectomy 
on the background of delayed CI correlated with a 
worse outcome of MI according to GOS (p=0.001). 
The development of secondary brain ischemia leads 
to deterioration of patients' functional status and 
surgical outcomes. Decompressive craniectomy in these 
conditions saved patients' lives, but slightly improved 
the functional status.

Intraoperative rupture (IOR) during MI occurred in 
23 (5.5%) patients mainly during clipping or isolation of 
the aneurysm artery carrier and only in 2 cases during 
opening of the dura mater. No statistically significant 
relationship between the results of GOS and IOR was 
revealed (p=0.364). The occurrence of IOR was more 
often registered in patients with giant CA (p=0.061), less 
often in the presence of diverticula (p=0.077).

In addition to early CAS, delayed CI developed on 
the background of CAS was observed. It persisted or 
occurred after MI in 62 (14.8%) patients. DCI led to 
adverse outcomes in 41.5% of patients with the specified 
complication. The development of DCI had a temporary 
character or entailed a moderate functional incapacity 
for GOS in 8.7% of patients. The development of DCI on 
the background of CAS led to a statistically significant 
(p<0.001) decrease in GOS score, preservation of 
neurological deficits, and sometimes to the development 
of dislocation symptoms and complications of MI.

The occurrence of recurrent hemorrhage (RH), which 
may be accompanied by high mortality, was found in  
39 (9.3%) cases. In our study, adverse effects developed 
in 14 (18.1%) patients with RH and in 9 (23.1%) of 
them they led to a fatal outcome. Thus, RH significantly 
(p=0.003) worsened MI outcome according to the GOS, 
but had a weak direct proportional relationship with 
mortality (rs =0.14, 95% CI ‒ 0.03‒0.25).

The total mortality among patients after MI was 
9.8% (41 cases), among those operated on within the 
first 3 days after the rupture ‒ 22.41% (13 cases) and 
was mainly caused by the severity of aneurysmal SAH, 
the presence of ICH with the development of dislocation 
symptoms in 6 (10.3%) observations. Among those 
operated on between days 4 and 14, it was associated 
with the development of DCI caused by an increase 
in CAS. Also, mortality was recorded in 9 cases that 
occurred on the background of RH (at the end of the 
1st‒on the 2nd week after rupture). In unfavorable cases, 
a delayed CI was registered due to the development 
of CAS. They were statistically significantly (p=0.001) 
correlated with fatal outcomes of MI.

It was found that the factors of adverse MI 
outcomes in 77 (18.4%) patients were impaired level 
of consciousness according to the GOS, severity 
of neurological deficit, severity of parenchymal 
hemorrhage. This is consistent with the data of other 
authors [1,  8‒10,  20]. The findings obtained by us 
indicate negative effects of CAS manifestations on the 
day of surgery, according to both CAS and TCD, but some 
authors disagree with this [12, 21].

The timing of surgery after CA rupture has been 
statistically significantly proven to be important. 
Operations performed on the first day were associated 
with the highest mortality and number of severe adverse 
outcomes, whereas operations performed on days 10–14 
had the best results. The majority of authors insist on 

the earliest possible surgical intervention to prevent RH 
in CA rupture [22, 23]. The data obtained by us indicate 
that RH, although it occurs, but the risk in the analyzed 
sample was 9.3% (n=39), which is significantly lower 
than the rates given in the literature [24]. Also, not 
every RH is fatal. According to our data, death due to 
RH was recorded in only 9 (2.1%) cases, which is lower 
than mortality after early surgery (13 (3.1%)).

Thus, the predictors of the adverse MI outcomes 
were impaired consciousness level according to the GCS, 
severity of neurological deficit, severity of parenchymal 
hemorrhage, manifestations of CAS on the day of surgery, 
duration of surgery after rupture of CA, development of 
RH and delayed CI (p<0.001). No statistically significant 
association between the consequences of MI and age, 
sex, localization, form and side of CA rupture was found. 
A strong inversely proportional relationship was found 
between the GCS score during hospitalization and SAH 
classification according to the WFNS scale (rs =‒0.96, 
95% confidence interval‒ 0.96‒0.97) and Hunt‒Hess 
scale (rs =‒0,81, 95% confidence interval ‒ 0.77‒0.84).

Conclusions
1. Statistically significant predictors of the functional 

outcomes of MI in CA rupture were impaired level 
of consciousness of patients according to the GCS, 
severity of neurological deficit, severity of parenchymal 
hemorrhage, manifestations of CA on the day of surgery, 
timing of surgery after CA rupture.

2. It was found that increasing the timing of MI 
after the CA rupture statistically significantly (p=0.008) 
improved the intervention outcomes according to the 
GOS.

3. Delayed CI statistically significantly (p<0.001) led 
to deterioration of MI outcomes according to the GOS in 
the acute period of CA rupture.

4. It was revealed that increasing severity of SAH 
by Hunt‒Hess and WFNS scales, decreasing level of 
consciousness according to the GCS, the severity 
of hemorrhage by Fisher scale, ICH formation and 
development of neurological deficit had a statistically 
significant (p<0.001) strong relationship with negative 
MI outcomes.

Disclosure
Conflict of interest
The authors declare no conflict of interest.
Ethical approval
All procedures performed on patients comply with 

the ethical standards of institutional and national ethics 
committees, the 1964 Declaration of Helsinki and its 
amendments or similar ethical standards.

Informed consent
Informed consent was obtained from each of the 

patients.
Funding
The study was conducted without sponsorship.

References
1.	 Hoh BL, Ko NU, Amin-Hanjani S, Chou SH-Y, Cruz-

Flores S, Dangayach NS, Derdeyn CP, Du R, Hänggi D, 
Hetts SW, Ifejika NL, Johnson R, Keigher KM, Leslie-
Mazwi TM, Lucke-Wold B, Rabinstein AA, Robicsek SA, 
Stapleton CJ, Suarez JI, Tjoumakaris SI, Welch BG. 
2023 Guideline for the Management of Patients With 



42

http://theunj.org

Ukrainian Neurosurgical Journal. Vol. 30, N1, 2024

Aneurysmal Subarachnoid Hemorrhage: A Guideline 
From the American Heart Association/American Stroke 
Association. Stroke. 2023 Jul;54(7):e314-e370. doi: 
10.1161/STR.0000000000000436

2.	 Rincon F, Rossenwasser RH, Dumont A. The epidemiology 
o f  admi s s i ons  o f  non t r aumat i c  subarachno id 
hemorrhage in the United States. Neurosurgery. 2013 
Aug;73(2):217-22; discussion 212-3. doi: 10.1227/01.
neu.0000430290.93304.33

3.	 Maher M, Schweizer TA, Macdonald RL. Treatment of 
Spontaneous Subarachnoid Hemorrhage: Guidelines and 
Gaps. Stroke. 2020 Apr;51(4):1326-1332. doi: 10.1161/
STROKEAHA.119.025997

4.	 Nasc imento de Morais G, Rojas S. Aneurysmal 
Subarachnoid Hemorrhage and Early Brain Injury: 
A New Pathophysiological Perspective. Advances in 
Cerebral Aneurysm Treatment. 2023 Oct 4. doi: 10.5772/
intechopen.110773

5.	 Fisher CM, Kistler JP, Davis JM. Relation of cerebral 
vasospasm to subarachnoid hemorrhage visualized by 
computerized tomographic scanning. Neurosurgery. 1980 
Jan;6(1):1-9. doi: 10.1227/00006123-198001000-00001

6.	 Hu P, Zhou H, Yan T, Miu H, Xiao F, Zhu X, Shu L, Yang S, 
Jin R, Dou W, Ren B, Zhu L, Liu W, Zhang Y, Zeng K, Ye M, 
Lv S, Wu M, Deng G, Hu R, Zhan R, Chen Q, Zhang D, Zhu 
X. Deep learning-assisted identification and quantification 
of aneurysmal subarachnoid hemorrhage in non-contrast 
CT scans: Development and external validation of Hybrid 
2D/3D UNet. Neuroimage. 2023 Oct 1;279:120321. doi: 
10.1016/j.neuroimage.2023.120321

7.	 Lee H, Perry JJ, English SW, Alkherayf F, Joseph J, Nobile S, 
Zhou LL, Lesiuk H, Moulton R, Agbi C, Sinclair J, Dowlatshahi 
D. Clinical prediction of delayed cerebral ischemia in 
aneurysmal subarachnoid hemorrhage. J Neurosurg. 2018 
Jun 1:1-8. doi: 10.3171/2018.1.JNS172715

8.	 Darsaut TE, Keough MB, Chan AM, Farzin B, Findlay 
JM, Chow MM, Chagnon M, Zehr J, Gevry G, Raymond 
J. Transcranial Doppler Velocities and Angiographic 
Vasospasm after SAH: A Diagnostic Accuracy Study. AJNR 
Am J Neuroradiol. 2022 Jan;43(1):80-86. doi: 10.3174/
ajnr.A7347

9.	 Kumar G, Shahripour RB, Harrigan MR. Vasospasm on 
transcranial Doppler is predictive of delayed cerebral 
ischemia in aneurysmal subarachnoid hemorrhage: a 
systematic review and meta-analysis. J Neurosurg. 2016 
May;124(5):1257-64. doi: 10.3171/2015.4.JNS15428

10.	 Rumalla K, Lin M, Ding L, Gaddis M, Giannotta SL, Attenello 
FJ, Mack WJ. Risk Factors for Cerebral Vasospasm in 
Aneurysmal Subarachnoid Hemorrhage: A Population-
Based Study of 8346 Patients. World Neurosurg. 2021 
Jan;145:e233-e241. doi: 10.1016/j.wneu.2020.10.008

11.	 Pavelka M, Necarsulmer J, Ho J, Sasaki-Adams D. 
Vasospasm risk following aneurysmal subarachnoid 
hemorrhage in older adults. J Neurosurg. 2023 Apr 
28;139(5):1302-1310. doi: 10.3171/2023.3.JNS222720

12.	 D’Andrea G, Picotti V, Familiari P, Barbaranelli C, Frati 
A, Raco A. Impact of early surgery of ruptured cerebral 
aneurysms on vasospasm and hydrocephalus after SAH: 
Our preliminary results. Clin Neurol Neurosurg. 2020 
May;192:105714. doi: 10.1016/j.clineuro.2020.105714

13.	 Lytvak SO. [Individualization of microsurgical tactics 

during clipping cerebral arterial aneurysms]. Endovascular 
Neuroradiology. 2018 Dec 27;24(2):52–68. Ukrainian. doi: 
10.26683/2304-9359-2018-2(24)-52-68

14.	 Bindu AV, Orlov MY, Litvak SO, Yeleynik MV. Risk factors and 
clinical and neurological consequences of intraoperative 
rupture of brain aneurysms in microsurgical operations. 
Romanian Neurosurgery. 2020;34(1):66–76. doi: 10.33962/
roneuro-2020-009

15.	 Ditz C, Leppert J, Neumann A, Krajewski KL, Gliemroth 
J, Tronnier VM, Küchler J. Cerebral Vasospasm After 
Spontaneous Subarachnoid Hemorrhage: Angiographic 
Pattern and Its Impact on the Clinical Course. World 
Neurosurg. 2020 Jun;138:e913-e921. doi: 10.1016/j.
wneu.2020.03.146

16.	 Dodd WS, Laurent D, Dumont AS, Hasan DM, Jabbour 
PM, Starke RM, Hosaka K, Polifka AJ, Hoh BL, Chalouhi 
N. Pathophysiology of Delayed Cerebral Ischemia After 
Subarachnoid Hemorrhage: A Review. J Am Heart Assoc. 
2021 Aug 3;10(15):e021845. doi: 10.1161/JAHA.121.021845

17.	 Zhang J, Lo YL, Li MC, Yu YH, Wu SY. Risk of Re-Rupture, 
Vasospasm, or Re-Stroke after Clipping or Coiling of 
Ruptured Intracranial Aneurysms: Long-Term Follow-Up 
with a Propensity Score-Matched, Population-Based Cohort 
Study. J Pers Med. 2021 Nov 16;11(11):1209. doi: 10.3390/
jpm11111209

18.	 Zhou Z, Liu Z, Yang H, Zhang C, Zhang C, Chen J, Wang 
Y. A nomogram for predicting the risk of poor prognosis 
in patients with poor-grade aneurysmal subarachnoid 
hemorrhage following microsurgical clipping. Front Neurol. 
2023 Mar 22;14:1146106. doi: 10.3389/fneur.2023.1146106

19.	 de Jong G, Aquarius R, Sanaan B, Bartels RHMA, Grotenhuis 
JA, Henssen DJHA, Boogaarts HD. Prediction Models in 
Aneurysmal Subarachnoid Hemorrhage: Forecasting 
Clinical Outcome With Artificial Intelligence. Neurosurgery. 
2021 Apr 15;88(5):E427-E434. doi: 10.1093/neuros/
nyaa581

20.	 Dzyak LA, Zorin MO, Kazantseva VA. [The importance of 
angiospasm among the main negative prognostic factors 
of microsurgical treatment of hemorrhages of cerebral 
arterial aneurysms]. The Journal of neuroscience of B.M. 
Mankovsky. 2022;10(1-2):24-29. Ukrainian.

21.	 Oudshoorn SC, Rinkel GJ, Molyneux AJ, Kerr RS, Dorhout 
Mees SM, Backes D, Algra A, Vergouwen MD. Aneurysm 
treatment <24 versus 24-72 h after subarachnoid 
hemorrhage. Neurocrit Care. 2014 Aug;21(1):4-13. doi: 
10.1007/s12028-014-9969-8

22.	 Taha MM, Alawamry A, Abdelbary TH. Outcome of 
microsurgical clipping of anterior circulation aneurysms 
during the period of vasospasm: single center experience 
in Egypt. Egyptian Journal of Neurosurgery. 2019 Jan 
28;34(1). doi: 10.1186/s41984-019-0030-2

23.	 Hostettler IC, Lange N, Schwendinger N, Frangoulis S, 
Hirle T, Trost D, Gempt J, Kreiser K, Wostrack M, Meyer B. 
Duration between aneurysm rupture and treatment and 
its association with outcome in aneurysmal subarachnoid 
haemorrhage. Sci Rep. 2023 Jan 27;13(1):1527. doi: 
10.1038/s41598-022-27177-9

24.	 Etminan N, Macdonald RL. Neurovascular disease, 
diagnosis, and therapy: Subarachnoid hemorrhage and 
cerebral vasospasm. Handb Clin Neurol. 2021;176:135-169. 
doi: 10.1016/B978-0-444-64034-5.00009-2


