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Initial severity of aneurysmal
subarachnoid hemorrhage (SAH):
Trend over time
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Department of Neurosurgery, Seoul National University Bundang Hospital, Seoul National University
College of Medicine, Seoul, Korea

Objective: The trend in the initial severity of aneurysmal subarachnoid hemorrhage
(SAH) is unclear. This study aimed to evaluate whether there was an improvement in
the initial severity of SAH over time.

Methods: From January 1, 2005, to December 31, 2020, we identified patients who
visited the emergency department of our institution with SAH due to intracranial
aneurysm rupture. We identified the Hunt Hess (HH) grade and modified Fisher grade
of each patient from the medical records, and the Mann-Kendal method was used to
estimate the trend of each grade system.

Results: A total of 547 patients with SAH were identified. The mean age of the patients
was 59.3 years (standard deviation (SD), 14.6). The mean aneurysm size was 6.9 mm
(SD, 4.6 mm). The most frequent aneurysm location was the anterior communicating
artery (28.7%). In the Mann-Kendal estimates for the analysis of the trend, there was
no statistically significant grade throughout the HH and modified Fisher grades. Similarly,
there was no improvement throughout all grades in the modified Fisher grade over time.
Conclusions: The initial severity of SAH due to cerebral aneurysm rupture did not improve
over time.
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INTRODUCTION

Subarachnoid hemorrhage (SAH) due to rupture of a cerebral aneurysm is a devastating
disease because of its high mortality and morbidity.” For decades, these outcomes
have improved with advances in medical management and aneurysm treatment
strategies, including surgical clipping and endovascular coil embolization."”*"”

The initial neurological status of patients with SAH is associated with mortality
and morbidity. A high Hunt Hess (HH) grade is associated with higher mortality
and morbidity than a low HH grade.” If the HH grade improves over time, it could

contribute to improving the outcomes of SAH.
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An improvement in the HH grade could be related to
the strategy or stance for the treatment of unruptured
intracranial aneurysms. We have a more aggressive
stance on aneurysms with presumed risk factors for
rupture. These risk factors are related to size, location,
features of the aneurysms, and patient characteristics
such as age, sex, hypertension, and smoking.” The aneu-
rysm size, location, age, and history of hypertension are
risk factors for the outcomes of SAH.”""'” Thus, aneu-
rysm rupture and SAH outcomes have several common
risk factors. In addition, the number of treatments for
unruptured intracranial aneurysms is increasing.'”’
Therefore, if we treat a sufficient number of unruptured
intracranial aneurysms with a high risk of rupture, the
mortality and morbidity could be lowered following the
improvement of the initial severity.

However, the trend in the HH grade for SAH has not
yet been evaluated. Some studies have included infor-
mation on the initial severity of SAH, but it was roughly
described, so it could not be determined whether there
was an improvement.'”

Similarly, the initial amount and extent of SAH could
affect outcomes.” Cerebral ischemia due to vasospasm is
associated with high morbidity and mortality; however,
the changes over time are also unclear. Therefore, this
study aimed to evaluate whether there was a change in

the initial severity of SAH over time.

MATERIALS AND METHODS

We conducted a retrospective observational study
to evaluate trends in the initial severity of SAH. The
requirement for informed consent was waived because

this study was based on retrospective data.

Patients

From January 1, 2005, to December 31, 2020, we iden-
tified patients who visited the emergency department of
our institution with SAH due to intracranial aneurysm
rupture. We excluded patients who had SAH with other

etiologies, such as rupture of arteriovenous malformation

or arteriovenous fistula (AVF). Patients transferred from
other institutions were also excluded because their initial
status was not confirmed. Finally, a total number of 547

patients were included in this study.

Assessment of the initial severity

To assess the initial severity, we adapted the HH grade.
The HH grade is a grading system for the severity of SAH
based on the patients’ clinical status, such as headache
and mental status. A higher HH grade is associated with
higher mortality.” The amount and location of SAH were
determined by the modified Fisher grade.”

We identified the HH grade and modified Fisher grade
of each patient from the medical records and brain
imaging studies, such as computed tomography and catheter

angiography.

Statistical analysis

Continuous variables were presented as either mean
and standard deviation (SD) or median and interquar-
tile range (IQR). Categorical variables are presented as
percentages and counts.

To estimate the trend of each grading system, the
Mann-Kendal method was used.'” We defined P<0.05
as statistically significant. If the P-value of the Mann-
Kendal method was <0.05, we determined that it had a
trend of increasing or decreasing over time.

All statistical analyses were performed using the SAS
OnDemand for Academics (SAS Institute, Cary, NC,
USA).

RESULTS

The patients’ baseline characteristics and aneurysms
are presented in Table 1. Of the 547 patients included
in this study, 378 (69.1%) were women. The mean age
of the patients was 59.3 years (SD, 14.6). The mean
aneurysm size was 6.9 mm (SD, 4.6 mm). The most
frequent aneurysm location was the anterior communi-
cating artery (ACOM, 28.7%). The next most frequent
locations were the middle cerebral artery bifurcation
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Table 1. Demographics of patients and characteristics of ruptured

aneurysms
Age 59.3 years (SD, 14.6)
Sex
Female 378 (69.1%)
Male 169 (30.9%)

Size of ruptured aneurysm 6.9 mm (SD, 4.6)

Location of ruptured aneurysm

Anterior communicating artery (ACOM) 157 (28.7%)
Middle cerebral artery bifurcation (MCAB) 121 (22.1%)
Posterior communicating artery (PCOM) 114 (20.8%)
Anterior cerebral artery 29 (5.3%)
Paraclinoid 29 (5.3%)
Vertebral artery 22 (4.0%)
Middle cerebral artery 16 (2.9%)
Anterior choroidal artery 14 (2.6%)
Basilar top 14 (2.6%)
Posterior inferior cerebellar artery 12 (2.2%)
Posterior cerebral artery 5(0.9%)
Superior cerebellar artery 5(0.9%)
Basilar trunk 4(0.7%)
Internal carotid artery bifurcation 4(0.7%)
Anterior inferior cerebellar artery 1(0.2%)

SD, standard deviation

Table 2. Crude distribution and P-value of the Mann-Kendal method
in Hunt Hess (HH) grade and modified Fisher grade

HH grade Number (%) P-value
1 53(9.7%) 0.15
2 190 (34.7%) 0.06
3 131 (24.0%) 0.93
4 94 (17.2%) 0.30
5 79 (14.4%) 0.52
Modified Fisher grade Number (%) P-value
1 33(6.0%) 0.89
2 55(10.1%) 0.52
3 268 (49.0%) 0.42
4 191 (34.9%) 0.79

(MCAB, 22.1%) and the posterior communicating artery
(PCOM, 20.8%).

Table 2 shows the overall distribution of the HH
grades and modified Fisher grades. The most frequent
HH grade was grade 2 (190 patients, 34.7%). The most

frequent modified Fisher grade was 3 (268 patients,
49.0%).

Fig. 1 shows the distribution of HH and modified
Fisher grades from 2005 to 2020. In the Mann-Kendal
estimates for the analysis of the trend, there was no
statistically significant difference in grade throughout
the HH and modified Fisher grades (Table 2). This
suggests that there was no improvement in all HH
grades. Similarly, there was no improvement throughout
all grades in the modified Fisher grade over time.

Fig. 2. shows the trends in age and aneurysm size
between 2005 and 2020. There was no statistically signif-
icant trend in age at 15 years (P=0.37) The aneurysm
size also showed no significant trend (P=0.2).

DISCUSSION

Throughout this study, we found no improvement
in the initial severity of SAH due to intracranial aneu-
rysm rupture. The HH grade and modified Fisher
grade showed no trend over 15 years at our institution.
However, the trend in the initial severity of SAH is not
well known. A previous study showed a change in HH
grade over time."” However, this was not the primary
outcome in that study. Additionally, they did not provide
a detailed description. There was no notable change in
the initial HH grade over time. Furthermore, favoring
the initial status (HH grades 1 and 2) declined from
2010. This suggests that initial severity did not improve
over time. This finding is similar to our results.

For decades, the mortality and morbidity of SAH
due to aneurysmal rupture have decreased.””"”*” This
is attributed to the evolution of management such as
vasospasm and the intensive care unit."” Furthermore,
the improvement of techniques for surgical clipping and
introduction of coil embolization was attributed to lower
mortality and morbidity."”

The initial neurological status of patients with SAH is
also important for the outcomes. The patient’s mortality
and morbidity with a high HH grade are higher than

those with a mild HH grade.” Similarly, vasospasm
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Fig. 1. Distribution of the Hunt Hess grade and modified Fisher grade. (A) Hunt Hess grade. (B) Modified Fisher grade.

affects patient outcomes because cerebral ischemia due
to vasospasm is associated with high morbidity and
mortality.

Physicians attempt to treat unruptured intracranial
aneurysms, which are expected to have a high risk of
rupture. The Unruptured Cerebral Aneurysm Study of
Japan (UCAS Japan) investigators showed that the risk

of aneurysm rupture is associated with the size, location,
and features of the aneurysms.” Patient characteristics
such as age, sex, hypertension, and smoking were also
risk factors for aneurysm rupture. Among these risk
factors, aneurysm size, location, age, and history of
hypertension have been demonstrated as risk factors

5)11)16

for SAH outcomes. ' Therefore, aneurysm rupture
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Fig. 2. Distribution of age and aneurysm size in patients with SAH. (A) Age. (B) Size. SAH, subarachnoid hemorrhage

and SAH outcomes have several common risk factors.
In addition, the number of treatments for unruptured
intracranial aneurysms is increasing.'” Based on these
facts, if we treat a sufficient number of unruptured
intracranial aneurysms with a high risk of rupture, the
mortality and morbidity would be lowered following the
improvement of the initial severity.

Kim et al. demonstrated that the incidence of intra-

cranial aneurysms was 52.2/100,000 person-years in

Korea.” Thus, at least 25,000 new aneurysms develop
every year. Considering the population with undiag-
nosed unruptured intracranial aneurysms, the actual
number of new patients could be higher. The number
of aneurysm treatments in Korea was approximately
18391 in 2020. This number is insufficient to reduce
the incidence of SAH. This suggests that the number of
treatments for unruptured intracranial aneurysms may
be insufficient to improve the initial severity of SAH.
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The risk factors related to the initial severity of SAH
are not yet well established. Among the various charac-
teristics of aneurysms, aneurysm size is an important
risk factor for rupture. Large-sized aneurysms have a
higher risk of rupture than do small aneurysms. If aneu-
rysm size is correlated with the initial severity, treatment
of the unruptured intracranial aneurysm with consid-
eration of aneurysmal size could improve the initial
severity. However, Salary et al. showed that there was
no correlation between aneurysmal size and severity.'"”
Therefore, the risk factors for the initial severity of SAH
might not be associated with the risk factors for rupture,
or the initial severity might have an arbitrary behavior
that could not be predicted.

The major limitation of our study is that it was based
on data from a single institution. This can be criticized
for its generality. However, our institution is a tertiary
referral center that covers the southern area of the
Gyung-Gi Province. The Gyung-Gi province is the
one of the areas with a large population. If there were a
significant difference in the consistency of population
or race compared to other provinces, our results could
have a severe bias. However, South Korea is a homoge-
neous nation. We could not assume that the character-
istics of the population (the distribution of underlying
disease, the incidence of intracranial cerebral aneurysm,
or SAH) of other provinces in South Korea showed
remarkable differences compared to the southern area of
Gyung-Gi province of South Korea.”” We believe that
the results would be similar to ours if we performed a
nationwide study on the initial severity of SAH due to
cerebral aneurysm rupture. However, it is obvious that
this single-center study is a critical weakness.

Our study had several other limitations. This retro-
spective study design could have caused a hereditary
bias. HH grade was not recorded in the medical records
of patients with SAH. In this case, we estimated the
grades based on the mental status and symptoms of
patients in the doctors’ or nurses’ records. There may be

a difference between the estimated and actual grades.

CONCLUSIONS

In conclusion, the initial severity of SAH due to the
rupture of a cerebral aneurysm did not improve over
time.

Disclosure
The authors report no conflict of interest concerning
the materials or methods used in this study or the findings
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