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Background: The long-term survival prognosis of patients with high-grade
(Hunt-Hess grade IV-V or World Federation of Neurosurgical Societies grade
IV=V) aneurysmal subarachnoid hemorrhage (aSAH) is generally poor, and
the association between endovascular treatment timing and the prognosis of
high-grade aSAH has not been explored in depth. This retrospective cohort
study aimed to determine whether endovascular treatment within 24h of
high-grade aSAH is associated with a better prognosis.

Methods: We retrospectively analyzed the clinical data of patients with
high-grade aSAH who were admitted to our institution between January 2018
and January 2021. The Modified Rankin Scale score was used to assess the
6-month prognosis of patients. Univariate and multivariate logistic regression
analyses were used to identify the factors associated with prognosis. The area
under the receiver operating characteristic (ROC) curve was used to assess the
model’s discriminatory ability.

Results: Eighty-six patients were included in the study. In the multivariate
analysis, the timing of endovascular treatment (odds ratio = 7.003
[1.800-27.242], P = 0.005) was an independent risk factor for prognosis.
The ROC curve showed that the predictive power of the timing of
endovascular treatment was 0.744, the best cut-off value was 12.5h,
and the corresponding sensitivity and specificity were 71.4 and 70.5%,
respectively. Hydrocephalus (P = 0.005) and pulmonary infection (P = 0.029)
were also associated with prognosis. In addition, cerebrospinal fluid drainage
immediately after endovascular treatment had a significant effect on reducing
hydrocephalus formation.
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Conclusions: Endovascular therapy within 24 h is feasible and improves the
prognosis of patients with high-grade aSAH.
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Introduction

Aneurysmal subarachnoid hemorrhage (aSAH) is a disease
with an extremely high mortality rate. The higher the aSAH
grade, the poorer the prognosis (1-3). High-grade intracranial
aneurysms account for 20-30% of ruptured aneurysms, and
the mortality rate is as high as 30-60% (4-7). Traditional
treatment attitudes have been relatively conservative due to
previously reported high mortality rates and poor neurological
outcomes in patients with high-grade aSAH (8-10). Currently,
the main treatment methods are microsurgical clipping and
endovascular coiling (11). The disadvantages of early clipping
of high-grade aneurysms include cerebral edema, difficult
aneurysm exposure, and a high risk of intraoperative re-bleeding
(12). The multicenter randomized International Subarachnoid
Aneurysm Trial showed that interventional embolization can
improve the prognosis of aneurysm rupture, (13) and early
endovascular treatment may be preferred for high-grade
aneurysms. Previous studies have also shown that early (within
72h) endovascular treatment is safer and more effective than
delayed endovascular treatment (14-16). However, the concept
of ultra-early treatment (within 24 h) in patients with high-grade
aSAH is still debated (17-24). Therefore, it is necessary to study
the optimal timing for endovascular treatment. The purpose of
this single-center retrospective cohort study is to explore the
clinical efficacy of ultra-early endovascular treatment and the
factors that may affect prognosis, as well as to provide some
reference for the timing of endovascular treatment for patients
with high-grade intracranial aneurysms.

Methods

Patient identification and selection

We reviewed all patients with endovascular treatment
between January 2018 to January 2021 in our institution.
ISAT,

International Subarachnoid Aneurysm Trial; Cl, Confidence interval;

Abbreviations: aSAH, Aneurysmal subarachnoid hemorrhage;
EVD, External ventricular drain; LCFD, lumbar cistern continue drainage;
GCS, Glasgow Coma Scale; mRS, modified Rankin Scale; OR, Odds
ratio, AUC, Area under receiver operating characteristic curves;
ROC, Receiver operating characteristic; WFNS, World Federation of

Neurosurgical Societies.
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Inclusion criteria: aged 18-80 years; aSAH diagnosed by
computed tomography (CT) or lumbar puncture in the
medical center; aneurysm confirmed as the cause of SAH
on digital subtraction angiography (DSA), three-dimensional
CT angiography, or magnetic resonance angiography, which
was the cause of the subarachnoid hemorrhage; endovascular
therapy was performed; Hunt-Hess grade IV-V. Exclusion
criteria: intracranial aneurysm rupture caused by trauma
and unexplained subarachnoid hemorrhage; Hunt-Hess grade
<III; microsurgical clipping surgery or conservative treatment;
patients lost to follow-up.

Clinical parameters

The baseline data of the patients were recorded, including
gender, age, smoking history, drinking history, hypertension
history, diabetes history, coronary heart disease history,
aneurysm rupture history, Hunt-Hess grade at admission;
aneurysm imaging features such as aneurysm size (maximum
diameter and aneurysm neck width), location; and whether
stent-assisted or not, postoperative lumbar drainage or
external ventricular drain; postoperative complications such
as pulmonary infection, intracranial infection, hydrocephalus.
The modified Rankin Scale was determined through telephone
interviews at 6 months after discharge. The interviewer was
blinded to the condition.

The study has been approved by the Ethics Committee of
Jinzhou Medical University.

Outcome assessment

The primary outcome was functional independence, defined
modified Rankin Scale (mRS) score of 0-2 (0 = no symptoms
at all; 1 = no significant disability despite symptoms and able
to carry out all usual duties and activities; 2 = slight disability
and unable to carry out all previous activities, but able to look
after own affairs without assistance) as good prognosis and 3-6
G =
no assistance is required for walking; 4 = severely disabled,

moderately disabled and requires some assistance, but
unable to walk without the assistance of others and unable to

take care of the needs of their own body; 5 = extremely severe
disability, bedridden, incontinence, and requires ongoing care
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and attention; 6 = clinical death) as poor prognosis. Functional
outcomes were assessed using inpatient and outpatient records
obtained from our institution, functional outcome was recorded
at the 6 months of follow-up.

Data analysis

Statistical analysis using the SPSS 26.0 software (IBM,
Armonk, NY). The measurement data conforming to the normal
distribution is expressed as X =+ s, the measurement data that
is not normally distributed is expressed as the median and
quartile [M (P25, P75)], and the comparison between groups is
performed by t-test or rank sum test. Enumeration data were
expressed as the number of cases and percentages [n (%)],
and comparisons between groups were performed using the
x? test or Fisher’s exact test. The prognostic grouping of the
mRS assessment scale was used as the dependent variable,
the parameters with P < 0.05 in the baseline data were used
as independent variables, and multivariate Logistic regression
analysis was used to control the influence of prognostic factors.
P < 0.05 was considered to be statistically significant.

Results

Patient selection and mRS percentages

The search identified 417 aSAH patients’ records. Overall,
86 aSAH patients have been included in this retrospective study
(Figure 1).

Of the 62 patients in the Ultra-Early group, 38 (61.3%)
patients achieved functional independence; of the 24 patients in
the Delayed, 6 (25%) patients achieved functional independence.
Table 1 summarizes the detailed mRS percentages for patients
undergoing ultra-early or delayed endovascular treatment.

Baseline characteristics of the study
cohort with mRS score 0-2 vs. 3-6

The study cohort comprised 86 who met the inclusion
criteria, and the patient cohort is shown in Table 2. Factors
associated with prognosis were age (P = 0.022), the timing of
endovascular treatment (P = 0.003), postoperative pulmonary
infection (P = 0.009), and hydrocephalus (P = 0.003). (History
of aSAH is defined as prior aSAH, 10 patients have had aSAH
before, seven patients received endovascular therapy, and three
patients received craniotomy and clipping)
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Baseline characteristics of the study
cohort with the timing of aneurysm
treatment

Bleeding onset time and aneurysm treatment time were
recorded in all 86 patients, and Table 3 describes the relationship
between patients and aneurysm treatment time. Most patients
were treated at an ultra-early stage, and there were differences
in Hunt-Hess grading at admission (P = 0.023) and History of
aSAH (P = 0.016) between the two groups.

Predictors of prognosis

Multivariate logistic regression was used to adjust for the
effect of prognostic factors. Covariates in the multivariate model
included age, previous aneurysm history, Hunt-Hess grade on
admission, pulmonary infection, hydrocephalus, and timing of
endovascular treatment. The timing of endovascular treatment
was found to be an independent predictor of good prognosis,
and other prognostic factors were pulmonary infection and
hydrocephalus (Table 4).

Predictive efficacy of endovascular
treatment timing on prognosis

Figure 2 shows the receiver operating characteristic (ROC)
curve, showing that the timing of endovascular treatment has
predictive value for the prognosis of patients. The area under
the curve is 0.744, the best predictive value is 12.5 (h), and the
corresponding sensitivity and specificity are 71.4 and 70.5%; 95%
CI: [0.637-0.850].

Discussion

The neurological status at admission (Hunt-Hess grade)
is a well-recognized predictor of prognosis. Usually, patients
with high-grade aneurysms have a poor prognosis, with
contemporary series reporting disability and mortality rates
of 57 and 36%, respectively (22, 23). However, some patients
experience re-rupture and bleeding while waiting to undergo
microsurgical clipping or endovascular coiling after admission,
and re-rupture often leads to poor clinical results. A previous
study showed that re-bleeding mostly occurs within 6-24h (24).
In addition, the higher the aneurysm grade, the greater the risk
of re-bleeding, (25) which provides a possible theoretical basis
for ultra-early endovascular treatment. Specifically, ultra-early
endovascular treatment may reduce the proportion of patients
with clinical re-bleeding. Therefore, we must study the feasibility
of ultra-early endovascular treatment.
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FIGURE 1
Flow diagram.

TABLE 1 mRS percentages for all patients.

mRS =0 mRS =1 mRS =2 mRS =3 mRS =4 mRS =5 mRS =6
Ultra-Early Count (n) 9 17 12 5 7 7 5
Treatment time (%) 14.5% 27.4% 19.4% 8.1% 11.3% 11.3% 8.1%
mRS (%) 90.0% 89.5% 80.0% 55.6% 41.2% 77.8% 71.4%
Delayed Count (n) 1 2 3 4 10 2 2
Treatment time (%) 4.2% 8.3% 12.5% 16.7% 41.7% 8.3% 8.3%
mRS(%) 10.0% 10.5% 20.0% 44.4% 58.8% 22.2% 28.6%
Total Count (n) 10 19 15 9 17 9 7
Treatment time (%) 11.6% 22.1% 17.4% 10.5% 19.8% 10.5% 8.1%
mRS (%) 100.0% 100.0% 100.0% 100.0% 100.0% 100.0% 100.0%

The results of this study show that 61.3% of patients who
underwent endovascular treatment for high-grade aneurysms
in the ultra-early stage (within 24h) had a good prognosis
(mRS score of 0-2), while only 25% of patients in the
delayed group had a good prognosis, indicating that ultra-early
endovascular therapy for high-grade aneurysm may improve
clinical outcomes and quality of life at 6 months. Wong et al.
(26) observed a trend toward an association between ultra-
early intervention and good outcomes in patients with high-
grade aSAH, with a reduction in clinical re-bleeding observed
in 96 high-grade patients who underwent ultra-early treatment
(12%vs. 22%, P = 0.168). Previous studies have shown that
the Hunt-Hess classification at admission is significantly related
to patient prognosis (27, 28). Zhao et al. (29). found that the

Frontiersin Neurology

comparison of patients with WENS grades IV and V showed
that a greater proportion of patients with WENS grade IV
aSAH were functionally independent, and the likelihood was
significantly increased (65.4 vs. 26.8%; P < 0.001), suggesting
that subclassification of patients with high-grade aSAH may
correlate with clinical outcomes. In our study, there was no
significant difference in prognosis (mRS score 0-2 vs. 3-6)
between patients with Hunt-Hess grade IV and Hunt-Hess
grade V (P = 0.713). As shown in Table 2, the proportion of
patients who achieved functional independence (mRS = 0-2)
in the ultra-early group was much greater than that in the
delayed group (38 vs. 6, 86.1 vs. 13.6%), and the proportion of
patients in the ultra-early and delayed groups was essentially the
same in patients who did not achieve functional independence
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TABLE 2 Comparison of demographic, clinical, aneurysm, and
treatment characteristics of patients with high-grade aSAH with mRS
score 02 vs. 3-6 at follow-up.

mRS0-2 mRS 3-6

Variable n=44 n=42 P value
Age, years, mean£SD 57.4+8.7 61.7+8.1 0.022
Female, 11 (%) 30 (68.2) 22 (52.4) 0.134
Smoking history, # (%) 5(11.4) 10 (23.8) 0.128
History of drinking alcohol, 1 (%) 3(6.8) 8(19.0) 0.090
Hypertension, n (%) 26 (59.1) 26 (61.9) 0.790
Heart disease, n (%) 4(9.1) 4(9.5) 0.945
Diabetes, n (%) 5(11.4) 7 (16.7) 0.478
History of aSAH, n (%) 5(11.4) 5(11.9) 0.938
Hunt-Hess grade 0.713
IV grade, n (%) 32(72.7) 32(76.2)

V grade, n (%) 12 (27.3) 10 (23.8)

Aneurysm location 0.102
Anterior circulation, n (%) 30 (68.2) 35(83.3)

Posterior circulation, 1 (%) 14 (31.8) 7(16.7)

Aneurysm size, (mm), mean £ SD 54+1.6 52+19 0.463
Stent assisted, n (%) 14 (31.8) 10 (23.8) 0.408
Additional interventions 0.437
No interventions, n (%) 13 (29.5) 13 (31.0)

LCFD, n (%) 23 (52.3) 17 (40.5)

EVD, n (%) 8(18.2) 12 (28.6)

Timing of aneurysm treatment 0.003
Ultra-early (within 24 h), n (%) 38 (86.1) 24 (57.1)

Delayed (after 24 h), n (%) 6 (13.6) 18 (42.9)

Pulmonary infection, n (%) 17 (38.6) 28 (66.7) 0.009
Hydrocephalus, n (%) 14 (31.8) 27 (64.3) 0.003

The value in bold is statistically significant (P < 0.05).

aSAH, aneurysmal subarachnoid hemorrhage; mRS, modified Rankin Scale; SD, standard
deviation; EVD, external ventricular drain; LCFD, lumbar cistern continue drainage.
Patients were dichotomized by mRS score. Groups were compared using the x? test,
Fisher exact test, or Student t test.

(24 vs. 18, 57.1 vs. 42.9%). As shown in Table 3, 65.6% (46
vs. 22) of grade VI patients received ultra-early treatment,
while 90.9% (20 vs. 2) of patients with grade V received ultra-
early treatment, the proportion of grade IV and V patients
receiving ultra-early treatment were differentiated between
groups (P = 0.023) in univariate analysis, and we excluded
the effect of this group-to-group difference on endovascular
treatment time in the multivariate logistic regression model.
There were 20 patients (32.3%) with Hunt-Hess grade V in
the ultra-early group and two patients with Hunt-Hess grade V
in the delayed group (8.3%). In the comparison of the Hunt-
Hess classification between the two groups of patients, there
were significantly more grade V patients in the ultra-early group
than in the early group. In contrast, the proportion of patients
with a good prognosis in the ultra-early group was higher
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TABLE 3 Comparison of demographic, clinical, aneurysm, and
treatment characteristics of patients with high-grade aSAH with
ultra-early endovascular treatment vs. delayed endovascular
treatment.

Ultra-Early  Delayed

Variable n=62 n=24  P-value
Age, years, mean & SD 589 +8.9 61.31+82 0.227
Female, n (%) 37 (59.7) 15 (62.5) 0.810
Smoking history, 7 (%) 12 (19.4) 3(12.5) 0.452
History of drinking alcohol, 1 (%) 9(14.5) 2(8.3) 0.441
Hypertension, n (%) 39 (62.9) 13 (54.2) 0.457
Heart disease, n (%) 6(9.7) 2(8.3) 0.847
Diabetes, 1 (%) 9(14.5) 3(12.5) 0.809
History of aSAH, n (%) 4(6.5) 6 (25.0) 0.016
Hunt-Hess grade 0.023
1V grade, n (%) 42 (67.7) 22 (91.7)

V grade, n (%) 20 (32.3) 2(8.3)

Aneurysm location 0.630
Anterior circulation, n (%) 46 (74.2) 16 (25.8)

Posterior circulation, n (%) 19 (79.2) 5(20.8)

Aneurysm size, (mm), mean £ SD 55+ 1.8 48+14 0.100
Stent assisted, n (%) 17(27.4) 7(29.2) 0.871
Additional interventions 0.105
No interventions, 1 (%) 15(24.2) 11(45.8)

LCED, n (%) 30(48.4) 10(41.7)

EVD, n (%) 17(27.4) 3(12.5)

Pulmonary infection, n (%) 30(48.4) 15(62.5) 0.240
Hydrocephalus, n (%) 30(48.4) 11(45.8) 0.832

The values in bold are statistically significant (P < 0.05).

aSAH, aneurysmal subarachnoid hemorrhage; mRS, modified Rankin Scale; SD, standard
deviation; EVD, external ventricular drain; LCFD, lumbar cistern continue drainage.
Patients were dichotomized by Timing of aneurysm treatment. Groups were compared
using the x? test, Fisher exact test, or Student t test.

TABLE 4 Multivariable model for good prognosis (mRS 0-2) in patients
with high-grade aSAH.

Variable OR 95%CI P-Value
Age 1.055 0.988-1.126 0.108
History of aSAH 2.207 0.428-11.365 0.344
Hunt-Hess grade 0.814 0.242-2.736 0.740
Pulmonary infection 0.314 0.111-0.891 0.029
Hydrocephalus 0.209 0.071-0.616 0.005
Timing of aneurysm treatment 7.003 1.800-27.242 0.005

The value in bold is statistically significant (P < 0.05).
aSAH, aneurysmal subarachnoid hemorrhage; mRS, modified Rankin Scale; OR, Odds
Ratio; CI, confidence interval.

than in the early group, which seems to be indicative of the
superiority of ultra-early endovascular treatment. Despite this,
it must be noted that all of the statistics in this study were the
evaluation results of patients when they were just admitted to
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FIGURE 2
ROC curve of the timing of endovascular treatment and
prognosis. AUC, area under the curve; Cl, confidence interval
(Shaded parts). h: hours, timing of aneurysm treatment.

the hospital, and the patient’s condition may further deteriorate
before endovascular treatment because brain damage occurs at
hemorrhage onset and continues until intervention is available.
Thus, the proportion of patients who reach Hunt-Hess grade
V at the time of endovascular treatment may increase. This
may be more obvious in patients in the delayed group. For this
reason, we believe that if grade IV patients can get endovascular
therapy as early as possible, the chances of progressing to grade
V will be reduced, and the likelihood of achieving functional
independence in the long term will increase. However, we did
not consider these patients; thus, we may consider including
them in future studies.

Based on the results of the statistical analysis, we believe
that the timing of endovascular treatment is an independent
predictor of the prognosis of high-grade aneurysm. The receiver
operating characteristic (ROC) curve suggests that the optimal
timing of endovascular therapy is 12.5h after onset, which is
similar to the findings of Buscot et al. (30). However, their
study included patients of all grades. Judging from our data and
specific clinical efficacy, ultra-early interventional embolization
in patients with high-grade aSAH is beneficial for prognosis.
According to previous reports, (31-33) ultra-early interventions
for aneurysms are primarily aimed at reducing the rate of re-
bleeding and are effective. The ultra-early intervention proved
to be effective in this study, and only two cases of re-rupture
occurred before endovascular treatment (one case occurred 14 h
after the first rupture, and one case occurred 55h after the
first rupture), which may be because most patients underwent
ultra-early intervention. The reasons for the better prognosis
of patients in the ultra-early group may be as follows. First,
significantly reduces the risk of re-bleeding while waiting for
endovascular treatment. Second, after surgery, lumbar cistern
drainage or external ventricular drainage is often used to
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relieve intracranial pressure, reduce the occurrence of acute
hydrocephalus, drain hemorrhagic cerebrospinal fluid, reduce
the stimulation of blood vessels by hemoglobin decomposition
products, and prevent cerebral vasospasm (34). Third, ultra-
early intervention will relieve persistent brain injury as soon
as possible and significantly reduce neurological symptoms
during rehabilitation.

Previous studies have confirmed that hydrocephalus is a
prognostic factor (35-38). In this study, we found that 30 cases
(48.4%) of hydrocephalus occurred in the ultra-early group,
while 11 cases (45.8%) occurred in the delayed group. There
was no significant difference in the incidence of postoperative
hydrocephalus between the two groups, indicating that ultra-
early endovascular treatment may not reduce the risk of
postoperative hydrocephalus. However, when we studied the
possible causes of hydrocephalus, we found that postoperative
cerebrospinal fluid drainage is of great significance to reduce
the occurrence of hydrocephalus, and the statistical analysis
showed that the two were significantly correlated (P = 0.004).
Among the 26 patients without cerebrospinal fluid drainage
after surgery, 11 patients (42.3%) developed hydrocephalus.
Forty patients underwent postoperative lumbar drainage,
including 14 patients (34.1%) with hydrocephalus, 20 patients
with postoperative ventricular drainage, 16 patients with
hydrocephalus (80%), and 16 patients (80%) with ventricular
drainage. The reason this proportion is so high may be
that the prerequisite for these two surgical methods is the
severity of acute hydrocephalus after onset. Patients with severe
hydrocephalus and obvious ventricular dilatation can be treated
using external ventricular drainage. Lumbar drainage is used in
patients with mild hydrocephalus, but not in patients without
acute hydrocephalus. However, the data show that patients
without acute hydrocephalus should also actively undergo
cerebrospinal fluid drainage, which may reduce the generation
of postoperative hydrocephalus. This is consistent with the
conclusions of Ironside et al. (35).

prognosis is also correlated with pulmonary infection, which
is not difficult to understand. Patients with a poor prognosis stay
in bed for a longer period after endovascular treatment, which
makes them more prone to pulmonary infection. Therefore, we
believe that it is not a pulmonary infection that causes the poor
prognosis; rather, patients with a poor prognosis are more likely
to develop a pulmonary infection, which explains the significant
correlation between the two.

One limitation of this study is that we did not assess
subsequent endovascular treatment procedures, such as
decompressive craniectomy, which may influence patients’
clinical outcomes. In addition, we were unable to determine
the long-term prognosis of high-grade aSAH due to the short
overall follow-up period. Finally, the retrospective nature of our
analysis is subject to confirmation bias in that the variables were
chosen based on data availability and hypothesis generation.
Specifically, data regarding premorbid functional status,
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presence of intracerebral hemorrhage, change in neurological
grade, re-bleeding rate, and intracranial pressure characteristics
were not available for analysis. Additional limitations associated
with our retrospective study design include reporting, recall,
and missing data biases due to the conditional nature of our
results on the accuracy of the recorded data.

Conclusion

Endovascular therapy for high-grade aSAH at an ultra-early
stage (within 24 h) may lead to better outcomes. In our cohort,
the timing of endovascular treatment was an independent
predictor of prognosis, so early treatment for high-grade aSAH
is recommended.
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The raw data supporting the conclusions of this article will
be made available by the authors, without undue reservation.
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The patients/participants provided their written informed
consent to participate in this study.

References

1. Connolly ES Jr, Rabinstein AA, Carhuapoma JR, Derdeyn CP, Dion
J, Higashida RT, et al. Guidelines for the management of aneurysmal
subarachnoid hemorrhage: a guideline for healthcare professionals from the
American heart association/American stroke association. Stroke. (2012) 43:1711-
37. doi: 10.1161/STR.0b013e3182587839

2. Steiner T, Juvela S, Unterberg A, Jung C, Forsting M, Rinkel G, et al.
European stroke organization guidelines for the management of intracranial
aneurysms and subarachnoid hemorrhage. Cerebrovasc Dis. (2013) 35:93-
112. doi: 10.1159/000346087

3. Etminan N, Chang HS, Hackenberg K, de Rooij NK, Vergouwen MDI,
Rinkel GJE, et al. Worldwide incidence of aneurysmal subarachnoid hemorrhage
according to region, time period, blood pressure, and smoking prevalence in
the population: a systematic review and meta-analysis. JAMA Neurol. (2019)
76:588-97. doi: 10.1001/jamaneurol.2019.0006

4. Ellis JA, Nossek E, Kronenburg A, Langer DJ, Ortiz RA. Intracranial aneurysm:
diagnostic monitoring, current interventional practices, and advances. Curr Treat
Options Cardiovasc Med. (2018) 20:94. doi: 10.1007/s11936-018-0695-y

5. Rinkel GJ, Algra A. Long-term
aneurysmal  subarachnoid  haemorrhage.
10:349-56. doi: 10.1016/S1474-4422(11)70017-5

with
(2011)

outcomes
Lancet

of patients
Neurol.

6. Shen J, Yu J, Huang S, Mungur R, Huang K, Pan X, et al. Scoring model to
predict functional outcome in poor-grade aneurysmal subarachnoid hemorrhage.
Front Neurol. (2021) 12:601996. doi: 10.3389/fneur.2021.601996

7. Howard BM, Barrow DL. Outcomes for patients with poor-grade
subarachnoid hemorrhage: to treat or not to treat? World Neurosurg. (2016)
86:30-2. doi: 10.1016/j.wneu.2015.10.034

Frontiersin Neurology

07

10.3389/fneur.2022.963624

Author contributions

BW: data curation, formal analysis, methodology,
supervision, writing-manuscript, and editing.
ZH: data curation, methodology, and formal
analysis. HL: methodology and formal analysis.
JH:  methodology. Y], ZC, and TZ: validation.
FY: conceptualization and funding acquisition. All
authors contributed to the article and approved the

submitted version.

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.

Publisher’s note

All claims expressed in this article are solely those
of the authors and do not necessarily represent those
of their affiliated organizations, or those of the publisher,
the editors and the reviewers. Any product that may be
evaluated in this article, or claim that may be made
by its manufacturer, is not guaranteed or endorsed by
the publisher.

8. Shirao S, Yoneda H, Kunitsugu I, Ishihara H, Koizumi H, Suehiro E, et al.
Preoperative prediction of outcome in 283 poor-grade patients with subarachnoid
hemorrhage: a project of the Chugoku-Shikoku division of the Japan neurosurgical
society. Cerebrovasc Dis. (2010) 30:105-13. doi: 10.1159/000314713

9. Laidlaw JD, Siu KH. Poor-grade aneurysmal subarachnoid hemorrhage:
outcome after treatment with urgent surgery. Neurosurgery. (2003) 53:1275-
82. doi: 10.1227/01.neu.0000093199.74960.f

10. Zubkov YN. Treatment of patients with
aneurysms in the haemorrhagic period. Neurol
8. doi: 10.1080/01616412.1994.11740181

11. Sharma D. Perioperative
subarachnoid hemorrhage. Anesthesiology.
305. doi: 10.1097/ALN.0000000000003558

arterial
16:6—

intracranial
Res.  (1994)

Management  of
(2021).

aneurysmal
133:1283-

12. Seifert V, Stolke D, Trost HA. Timing of aneurysm surgery. Comparison of
results of early and delayed surgical intervention. Eur Arch Psychiatry Neurol Sci.
(1988) 237:291-7. doi: 10.1007/BF00450548

13. Darsaut TE, Jack AS, Kerr RS, Raymond J. International subarachnoid
aneurysm trial - ISAT part II: study protocol for a randomized controlled trial.
Trials. (2013) 14:156. doi: 10.1186/1745-6215-14-156

14. Schwartz C, Pfefferkorn T, Ebrahimi C, Ottomeyer C, Fesl G, Bender
A. Long-term neurological outcome and quality of life after world federation
of neurosurgical societies grades IV and V aneurysmal subarachnoid

hemorrhage in an interdisciplinary treatment concept. Neurosurgery. (2017)
80:967-74. doi: 10.1093/neuros/nyw138

15. Dorhout Mees SM, Molyneux AJ, Kerr RS, Algra A, Rinkel GJ.
Timing of aneurysm treatment after subarachnoid hemorrhage: relationship

frontiersin.org


https://doi.org/10.3389/fneur.2022.963624
https://doi.org/10.1161/STR.0b013e3182587839
https://doi.org/10.1159/000346087
https://doi.org/10.1001/jamaneurol.2019.0006
https://doi.org/10.1007/s11936-018-0695-y
https://doi.org/10.1016/S1474-4422(11)70017-5
https://doi.org/10.3389/fneur.2021.601996
https://doi.org/10.1016/j.wneu.2015.10.034
https://doi.org/10.1159/000314713
https://doi.org/10.1227/01.neu.0000093199.74960.ff
https://doi.org/10.1080/01616412.1994.11740181
https://doi.org/10.1097/ALN.0000000000003558
https://doi.org/10.1007/BF00450548
https://doi.org/10.1186/1745-6215-14-156
https://doi.org/10.1093/neuros/nyw138
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org

Wu et al.

with delayed cerebral ischemia and poor outcome. Stroke. (2012) 43:2126-
9. doi: 10.1161/STROKEAHA.111.639690

16. Qian Z, Peng T, Liu A, Li Y, Jiang C, Yang H, et al. Early
timing  of endovascular treatment for  aneurysmal  subarachnoid
hemorrhage achieves improved outcomes. Curr Neurovasc Res. (2014)
11:16-22. doi: 10.2174/1567202610666131210104606

17. Han Y, Ye F, Long X, Li A, Xu H, Zou L, et al. Ultra-early treatment for
poor-grade aneurysmal subarachnoid hemorrhage: a systematic review and meta-
analysis. World Neurosurg. (2018) 115:¢160-71. doi: 10.1016/j.wneu.2018.03.219

18. Kranthi S, Sahu BP, Aniruddh P. Factors affecting outcome in poor grade
subarachnoid haemorrhage: an institutional study. Asian J Neurosurg. (2016)
11:365-71. doi: 10.4103/1793-5482.149991

19. Zhao B, Tan X, Zhao Y, Cao Y, Wu J, Zhong M, et al. Variation in
patient characteristics and outcomes between early and delayed surgery in
poor-grade aneurysmal subarachnoid hemorrhage. Neurosurgery. (2016) 78:224—
31. doi: 10.1227/NEU.0000000000001038

20. Taylor CJ, Robertson E Brealey D. Oshea F, Stephen T, Brew S. Outcome
in poor grade subarachnoid hemorrhage patients treated with acute endovascular
coiling of aneurysms and aggressive intensive care. Neurocrit Care. (2011) 14:341-
7. doi: 10.1007/s12028-010-9377-7

21. Tykocki T, Czyz M, Machaj M, Szydlarska D, Kostkiewicz B.
Comparison of the timing of intervention and treatment modality of
poor-grade aneurysmal subarachnoid hemorrhage. Br ] Neurosurg. (2017)
31:430-3. doi: 10.1080/02688697.2017.1319906

22. Sano H, Satoh A, Murayama Y, Kato Y, Origasa H, Inamasu J, et al. Modified
world federation of neurosurgical societies subarachnoid hemorrhage grading
system. World Neurosurg. (2015) 83:801-7. doi: 10.1016/j.wneu.2014.12.032

23. Cho WS, Kim JE, Park SQ, Ko JK, Kim DW, Park JC, et al. Korean clinical
practice guidelines for aneurysmal subarachnoid hemorrhage. ] Korean Neurosurg
Soc. (2018) 61:127-66. doi: 10.3340/jkns.2017.0404.005

24. Laidlaw JD, Siu KH. Ultra-early surgery for aneurysmal subarachnoid
hemorrhage: outcomes for a consecutive series of 391 patients not selected by grade
or age. ] Neurosurg. (2002) 97:250-249. doi: 10.3171/jns.2002.97.2.0250

25. de Oliveira Manoel AL, Turkel-Parrella D, Duggal A, Murphy A, McCredie
V, Marotta TR. Managing aneurysmal subarachnoid hemorrhage: it takes a team.
Cleve Clin ] Med. (2015) 82:177-92. doi: 10.3949/ccjm.82a.14021

26. Wong GK, Boet R, Ng SC, Chan M, Gin T, Zee B, et al. Ultra-early (within
24h) aneurysm treatment after subarachnoid hemorrhage. World Neurosurg.
(2012) 77:311-5. doi: 10.1016/j.wneu.2011.09.025

27. Cedzich C, Roth A. Neurological and psychosocial outcome after
subarachnoid hemorrhage, and the hunt and Hess scale as a predictor of

Frontiersin Neurology

08

10.3389/fneur.2022.963624

clinical outcome. Zentralbl Neurochir. (2005) 66:112-8. doi: 10.1055/s-2005-
836477

28. Mericle RA, Reig AS, Burry MV, Eskioglu E, Firment CS, Santra S.
Endovascular surgery for proximal posterior inferior cerebellar artery aneurysms:
an analysis of Glasgow outcome score by Hunt-Hess grades. Neurosurgery. (2006)
58:619-25. doi: 10.1227/01.NEU.0000204127.81249.28

29. Zhao B, Yang H, Zheng K, Li Z, Xiong Y, Tan X, et al. Preoperative and
postoperative predictors of long-term outcome after endovascular treatment of
poor-grade aneurysmal subarachnoid hemorrhage. ] Neurosurg. (2017) 126:1764-
71. doi: 10.3171/2016.4.JNS152587

30. Buscot MJ, Chandra RV, Maingard J, Nichols L, Blizzard L, Stirling C, et al.
Association of onset-to-treatment time with discharge destination, mortality, and
complications among patients with aneurysmal subarachnoid hemorrhage. JAMA
Netw Open. (2022) 5:¢2144039. doi: 10.1001/jamanetworkopen.2021.44039

31. Hoogmoed ], Coert BA, van den Berg R, Roos YBWEM, Horn
J, Vandertop WP, et al. Early treatment decisions in poor-grade

patients  with  subarachnoid hemorrhage. World  Neurosurg.  (2018)
119:e568-73. doi: 10.1016/j.wneu.2018.07.212
32. Stienen MN, Germans M, Burkhardt JK, Neidert MC, Fung

C, Bervini D, et al. Predictors of in-hospital death after aneurysmal
subarachnoid hemorrhage: analysis of a nationwide database (Swiss SOS
[Swiss study on aneurysmal subarachnoid hemorrhage]). Stroke. (2018)
49:333-40. doi: 10.1161/STROKEAHA.117.019328

33. Naidech AM, Janjua N, Kreiter KT, Ostapkovich ND, Fitzsimmons BF,
Parra A, et al. Predictors and impact of aneurysm re-bleeding after subarachnoid
hemorrhage. Arch Neurol. (2005) 62:410-6. doi: 10.1001/archneur.62.3.410

34. Yu H, Yang M, Zhan X, Zhu Y, Shen ], Zhan R. Ventriculoperitoneal
shunt placement in poor-grade patients with chronic normal pressure
hydrocephalus after aneurysmal subarachnoid hemorrhage. Brain Inj. (2016)
30:74-8. doi: 10.3109/02699052.2015.1075153

35. Buell TJ, Chen CJ. Kumar JS, Paisan GM, Sokolowski JD, et al. High-grade
aneurysmal subarachnoid hemorrhage: predictors of functional outcome. World
Neurosurg. (2019) 125:723-8. doi: 10.1016/j.wneu.2019.01.162

36. Rouanet C, Silva GS.
current concepts and updates.
14. doi: 10.1590/0004-282X20190112

37. Zhang F, Li P, Zhang C, Wang L, Jing SQ. The prognosis factors for
endovascular coiling of aneurysm in patients with ruptured intracranial aneurysm.
J Craniofac Surg. (2017) 28:¢535-9. doi: 10.1097/SCS.0000000000003818

38.Lu C, Feng Y, Li H, Li S, Gu L, Liu W, et al. Microsurgical treatment of 86
anterior choroidal artery aneurysms: analysis of factors influencing the prognosis.
J Neurol Surg A Cent Eur Neurosurg. (2020) 81:501-7. doi: 10.1055/5-0039-3400952

Aneurysmal
Arq  Neuropsiquiatr.

subarachnoid hemorrhage:
(2019)  77:806-

frontiersin.org


https://doi.org/10.3389/fneur.2022.963624
https://doi.org/10.1161/STROKEAHA.111.639690
https://doi.org/10.2174/1567202610666131210104606
https://doi.org/10.1016/j.wneu.2018.03.219
https://doi.org/10.4103/1793-5482.149991
https://doi.org/10.1227/NEU.0000000000001038
https://doi.org/10.1007/s12028-010-9377-7
https://doi.org/10.1080/02688697.2017.1319906
https://doi.org/10.1016/j.wneu.2014.12.032
https://doi.org/10.3340/jkns.2017.0404.005
https://doi.org/10.3171/jns.2002.97.2.0250
https://doi.org/10.3949/ccjm.82a.14021
https://doi.org/10.1016/j.wneu.2011.09.025
https://doi.org/10.1055/s-2005-836477
https://doi.org/10.1227/01.NEU.0000204127.81249.28
https://doi.org/10.3171/2016.4.JNS152587
https://doi.org/10.1001/jamanetworkopen.2021.44039
https://doi.org/10.1016/j.wneu.2018.07.212
https://doi.org/10.1161/STROKEAHA.117.019328
https://doi.org/10.1001/archneur.62.3.410
https://doi.org/10.3109/02699052.2015.1075153
https://doi.org/10.1016/j.wneu.2019.01.162
https://doi.org/10.1590/0004-282X20190112
https://doi.org/10.1097/SCS.0000000000003818
https://doi.org/10.1055/s-0039-3400952
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org

	Ultra-early endovascular treatment improves prognosis in High grade aneurysmal subarachnoid hemorrhage: A single-center retrospective study
	Introduction
	Methods
	Patient identification and selection
	Clinical parameters
	Outcome assessment
	Data analysis

	Results
	Patient selection and mRS percentages
	Baseline characteristics of the study cohort with mRS score 0-2 vs. 3-6
	Baseline characteristics of the study cohort with the timing of aneurysm treatment
	Predictors of prognosis
	Predictive efficacy of endovascular treatment timing on prognosis

	Discussion
	Conclusion
	Data availability statement
	Ethics statement
	Author contributions
	Conflict of interest
	Publisher's note
	References


