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Abstract

Background: Subarachnoid hemorrhage (SAH) leads patients to develop subsequent mortalities,
disabilities, and poor health-related quality of life (HRQoL). The present study aimed to investigate factors
associated with HRQoL in patients with spontaneous SAH following treatment.

Methods: The present study was a cross-sectional study to assess HRQoL in SAH patients after treat-
ment by the visual analogue scale (VAS) scores. The correlation matrix with Pearson’s correlation among
various variables was used to screen a relationship between VAS scores and other variables. Moreover,
linear regression analysis was performed in both univariate and multivariable analyses to explore factors
associated with the VAS score.

Results: Ninety SAH patients consented and completed the questionnaire. The Hunt and Hess grade,
World Federation of Neurological Surgeons grade, and Fisher grade all had negative correlations with VAS
scores of -0.712, -0.551, and -0.377, respectively. Following the multiple linear regression with the
backward stepwise procedure, the Hunt and Hess grade grade was the only factor in the final model that
was linked to HRQoL of SAH patients after treatment

Conclusion: In summary, the present study demonstrated a negative linear correlation between the
severity of SAH and patient-reported HRQoL. For general practice, the Hunt and Hess grade could be the
most important predictor of HRQoL after treatment in SAH.
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Introduction

Subarachnoid hemorrhage (SAH) is a serious
condition that can cause mortality and disability. The
common causes of spontaneous SAH are ruptured
cerebral aneurysm, ruptured arteriovenous malfor-
mation, and other bleeding disorders.' SAH patients
had an in-hospital mortality rate ranging from 10 to
21.5% based on a review of the literature, as well as

functional disability and poor health-related quality

of life (HRQoL).**

Lindberg et al. studied the prevalence of disa-
bility in SAH patients and found that 91% had inde-
pendence in self-care, 80% had instrumental (80% )
activities of daily living, and 23% reported the need
for personal assistance.*

From previous studies of HRQoL, Greebe et al.
reported HRQoL of 64 SAH patients using the visual

analogue scale (VAS) scores and found that the
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mean VAS scores after 4-month, 5-year, and 12.5-
year follow-ups were 59, 72, and 76, respectively.5
Meyer et al. investigated HRQoL at discharge in 113
patients with aneurysmal SAH and discovered that
92.2% of the patients had moderate or severe HRQoL
problems. The mean VAS score at hospital discharge
was 57.8 (SD 19.3), but it improved to 64.78 (SD
24.99) at the 12-month foIIow—up.6 Additionally,
Vogelsang et al. compared self-reported HRQoL in
aneurysmal SAH patients after treatment to a general
population sample. As a result, the mean VAS score of
SAH patients was 70.7 (SD 22.1), while the general
population’s HRQoL was 77.6. (SD 18). The HRQoL
of SAH patients was significantly lower than that of
the general population.7

The data from previous studies on HRQoL in SAH
patients are limited from a review of the literature,
particularly the HROoL study from Thailand. There-
fore, the present study aimed to investigate factors
associated with HRQoL in patients with spontaneous

SAH following treatment.

Methods
Study Designs and Study Population

The present study was a cross-sectional study
to assess HRQoL in SAH patients after treatment.
The study population included SAH patients who
were 18 years or older and admitted to a hospital
in southern Thailand between January 2022 and
December 2022. Patients were excluded for the fol -
lowing reasons: (1) patients were unable to complete
the questionnaire on their own or had no caregiver
to complete the questionnaire; (2) foreign patients
who did not speak Thai or English; (3) patients who

did not have a cranial computed tomography (CT)

scan and cerebral angiogram; (4) patients who had
hospital discharge with death. Therefore, data on
clinical features and imaging findings, and treatment
were collected. The clinical-based severity of SAH
was estimated according to Hunt and Hess (HH)
grading and the World Federation of Neurological
Surgeons (WFNS) grading on the first visit to our
hospital®, while CT-based grading was performed by
Fisher grading.’

Health-related Quality of Life assessment

Using VAS techniques, the HRQoL following
treatment was evaluated. The VAS tool includes a
scale range of 0-100 scores, and the patient is as-
signed the VAS score before hospital discharge.'®""
In patients who were not fully conscious, family
members or other caregivers assessed the VAS score
using the proxy-patient perspective approach.'?

In particular, the limitation of daily living ac-
tivities was assessed using a 5-level Likert scale
(1-5 levels). As a result, the 5-level responses
were classified as follows: 1 denotes no problem, 2

denotes a mild problem, 3-4 denotes a moderate

problem, and 5 denotes a severe problem.

Statistical analysis

The clinical features were derived from the de-
scriptive data. While continuous variables were de-
scribed using the mean and standard deviation (SD),
categorical data was represented using percentages.
A correlation matrix was used to screen Pearson’s
correlation among various variables, and a relation-
ship between two variables is generally considered
strong when their r value is greater than 0.7."°

A simple linear regression analysis was used
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to determine the variables influencing the VAS score.
Following a simple linear regression analysis, vari-
ables with a p-value of less than 0.1 were included
as candidate variables in a comprehensive multi-
variable analysis model. Multiple linear regression
analyses were also performed using the backward
elimination method, and statistical significance was
defined as a p-value less than 0.05. The variance
inflation factor (VIF) and tolerance were used to
estimate multicollinearity. A VIF greater than 10 and
a tolerance less than 0.2 were used to define mul-
ticollinearity.'*"®

Therefore, scatter plots were created to visualize
the relationship between the significant variables and
the VAS score from the final multiple linear regres-
sion model. Stata version 16 was used for statisti-
cal analysis. (StataCorp, Texas, United States, SN
401606310234).

Table 1 Baseline clinical characteristics (N=90)

Ethical considerations

The human research ethics committee approved
the present study (REC.64-005-10-1). The pa-
tient’s informed consent was performed, and patient

identification numbers were encoded before analysis.

Results

Of the 93 SAH patients enrolled in the study,
ninety patients consented and completed the ques-
tionnaire. Two patients were excluded because they
were foreign patients who could not communicate in
Thai or English languages. Additionally, One patient’s
cranial CT brain and cerebral angiogram were also
unavailable. The baseline characteristics are dem-
onstrated in Table 1. The average age of the pres-
ent cohort was 58.07 (SD 13.99), with a range of
24 to 100 years, and more than two-thirds were

female. Two-thirds of the current cohort had WFNS

Factor N (%)
Gender
Male 32 (25.6)
Female 58 (64.4)

Mean age-year (SD)

58.07 (13.99)

Type of aneurysm

Anterior circulation 42 (46.7)
Posterior circulation 38 (42.2)
Negative finding of angiogram 10 (11.1)
Multiple aneurysm 22 (24.4)
Lateralization of aneurysm
Left 29 (32.2)
Right 33 (36.7)
Midline 6 (6.7)
Bilateral 12 (13.3)

Negative finding of angiogram

10 (11.1)
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Table 1 (cont.) Baseline clinical characteristics (N=90)

Factor N (%)
Hunt and Hess grade
[ 24 (26.7)
I 42 (46.6)
Il 11 (12.2)
v 9 (10.0)
v 4 (4.4)
World Federation of Neurological Surgeons grade
[ 59 (65.6)
I 11 (12.2)
Il 4 (4.4)
v 12 (13.3)
\ 4 (4.4)
Fisher grade
[ 2(2.2)
I 23 (25.6)
Il 30 (33.3)
v 35 (38.9)
Pretreatment hydrocephalus 15 (16.7)
Treatment
Clipping operation 32 (35.6)
Endovascular treatment 48 (53.3)
Schedule for follow-up angiogram 10 (11.1)
Health-related quality of life at hospital—-discharge
Mean visual analogue scale score after treatment (SD) 77.11 (19.84)
Status before discharge
Neurological deficit 23 (25.5)
Self-care
No problem 49 (54.4)
Mild problem 22 (22.4)
Moderate problem 19 (21.1)
Severe problem 10 (11.1)
Usual activities
No problem 48 (53.3)
Mild problem 25 (27.8)
Moderate problem 7 (7.8)
Severe problem 10 (11.1)
Headache
No problem 33 (36.7)
Mild problem 28 (31.1)
Moderate problem 25 (27.8)
Severe problem 4 (4.4)
Anxiety/depression
No problem 39 (43.3)
Mild problem 26 (28.8)
Moderate problem 22 (24.4)
Severe problem 3 (3.3)

*
included spontaneous SAH with negative finding on cerebral angiogram and ruptured AVM
"ncluded ruptured AVM
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grade |, while 46.6% of all patients had HH grade
Il severity. On cranial CT, 35 individuals (38.9% of
the population) had Fisher grade IV. Ten patients
(11.1%) with SAH showed negative cerebral angi-
ography findings, but aneurysm rupture was identified
in 88.9% of all instances. In detail, anterior circula-
tion ruptured aneurysms were detected in forty-two
patients (46.7% ), while posterior circulation ruptured
aneurysms were found in 42.2% of instances. A total
of 24.4% of the current cohort had multiple cerebral

aneurysms. The current study found no mortality at

VAS

Gender

Age

Rupture
Type_aneurysm
Multiple_aneurysm
Lateralization
HH_grade
WFNS_grade
Fisher_grade
HCP_pre

- g

hospital discharge, but three patients (3.3%) died
at the 1-month follow-up. Furthermore, the current
study’s mean VAS score before hospital discharge
was 77.11 (SD 19.84).

Moreover, the neurological deficit was observed
in 25.5% of cases before hospital discharge, while
SAH patients had self-care and usual activities
problems in 45.6% and 46.7 %, respectively. In the
present study, 63.3% of SAH patients had headaches

before being discharged from the hospital.

corrmatrix
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Figure 1 Correlation matrix among various clinical variables
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The correlation matrix was performed to screen
the relationship among various variables, as shown
in Figure 1. The HH grade, WFNS grade, and Fisher
grade all had negative correlations with VAS scores
of -0.712, -0.551, and -0.377, respectively. As a
result, simple linear regression analyses with various
clinical and imaging variables were carried out, as
shown in Table 2. Therefore, the multiple regression
model included five candidate variables. Multicol-
linearity was checked for these candidate variables,
and the VIFs for age, HH grade, WFNS grade, Fisher

grade, and pre-treatment hydrocephalus were 1.30,

Table 2 Simple linear regression analysis

1.39, 1.25, 1.33, and 1.44, respectively. Fur-
thermore, the age, HH grade, WFNS grade, Fisher
grade, and pre-treatment hydrocephalus tolerances
were 0.766, 0.719, 0.701, 0.712, and 0.694,
respectively.

After the backward stepwise procedure, HH
grade was the only factor in the final model that was
linked to HRQoL of SAH patients after treatment, as
shown in Table 3. From the final model, a scatter plot
between the VAS score and HH grade was made with

a linear fitting regression line, as shown in Figure 2.

Factor Beta 95%ClI p—-value
Gender 6.51 -2.11,15.13 0.13
Age 0.005 -0.29,0.30 0.04
Posterior circulation 2.50 -3.80,8.80 0.43
Multiple aneurysm 1.56 -5.61,8.75 0.66
Lateralization -1.30 -4.92,2.32 0.47
HH grade -13.08 -15.81,-10.34 < 0.001
WFNS grade -8.62 -11.39,-5.85 < 0.001
Fisher grade -6.04 -9.18,-2.89 < 0.001
Pre-treatment hydrocephalus -15.74 -26.44,-5.03 0.004
Treatment -5.30 -11.01,0.40 0.11
Table 3 Multiple linear regression analysis

Model Beta 95%ClI p—value
Full model

Constant 100.34

Age 0.052 -0.16,0.26 0.63
HH grade -16.69 -22.51,-10.88 < 0.001
WFNS grade 2.34 -2.44,7.12 0.33
Fisher grade 0.65 -2.72,4.04 0.70
Pre-treatment hydrocephalus 0.59 -9.69,10.88 0.90
Final model

Constant 105.75

HH grade -13.08 -15.81,-10.34 < 0.001
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Figure 2 Scatter plot of visual analogue scale score and Hunt and Hess grade with linear fitting lines.

Discussion

SAH leads patients to develop subsequent dis-
abilities as a result. There were noticeable difficulties
with self-care and regular activities. Moreover, Pa-
tients” HRQoL was shown to be lower. In the current
study, the mean VAS score before hospital discharge
was 77.11 (SD 19.84). These results are in con-
cordance with other research reports. Prior studies
reported mean VAS score of SAH patients reduced
to 57.8-76 after follow-ups.”™".

Various factors associated with HRQoL were
discovered through a review of the literature. Vogel-
sang et al. studied 217 aneurysmal SAH patients and
discovered that Glasgow coma score was significantly

related to HRQoL, whereas treatment type (clipping

and coiling) was not significantly related to HRQoL.’
Taufique et al. investigated 1-year HRQoL in 1,181
SAH patients and discovered that nonwhite ethnicity,
high school education or less, depression history,
poor clinical grade (HH grade 3), and delayed infarc-
tion were predictors of poor HRQoL."'® Kronvall et al.
conducted a prospective study to estimate reduced
HRQoL in SAH patients and found that age, gender,
HH grade, and pituitary dysfunction were predictors
of HRQoL."” Furthermore, according to Passier et al.,
female gender and older age are significantly related
to poorer HRQoL after aneurysmal SAH."®

In the present study, the multivariable analysis
demonstrated a negative correlation between high

HH grade and VAS score. The HRQoL of SAH patients
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decreased as a result of neurological deficits and
headaches. Blood extravasation into the subarachnoid
space between the pial and arachnoid membranes
obstructs cerebrospinal fluid flow, which may result
in increased intracranial pressure and decreased
HRQoL due to pain symptoms.'® Also, having both
an intracranial hematoma and a cerebral infarction
at the same time can cause neurological problems
that make SAH patients’ HRQoL even worse.'®"®

According to the World Health Organisation para-
digm, HRQoL has lately been proposed as a supple-
ment to standard neurological outcome indicators
from the patient’s perspective. For implication, the
findings of this study may be used for future research
such as economic evaluation, or health interventions
and technologies.?® Additionally, the factors associ-
ated with poor HROoL from the present study may
be used to establish a treatment plan and predict
their prognosis in the real-world context. However,
the current study’s limitations should be noted. We
did not compare HRQoL between SAH patients and
the general population; however, we assumed the
general population’s well-being score was close to
100 using the VAS method.”'

Furthermore, because this study had a small
sample size, a larger, multicenter trial would be pref-
erable in the future to improve results and confirm

22,23

the relationship between HRQoL and HH grade.

Conclusion

In summary, the present study demonstrated a
negative linear correlation between the severity of SAH
and patient-reported HRQoL. For general practice,
the HH grade could be the most important predictor

of HRQoL after treatment in SAH.
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