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Abstract

This study aimed to determine the effectiveness of comprehensive rehabilita-
tion for patients with aneurysmal subarachnoid hemorrhage (aSAH) and to
explore the factors influencing the prognosis of rehabilitation. This was a re-
trospective study. Twenty-five patients with aSAH were treated with physical
therapy, occupational therapy, speech therapy, cognitive therapy, music
therapy, Chinese acupuncture, hyperbaric oxygen, and transcranial magnetic
stimulation. The general data of all patients were collected, and the functional
scores at admission were compared with those at discharge. The Mini Mental
State Examination, Fugl-Meyer Assessment Scale (FMAS) for motor and
balance assessment, Holden Functional Ambulation Classification (FAC),
modified Rankin Scale, National Institute of Health Stroke Scale, Modified
Barthel Index for activities of daily living (ADL), and Glasgow Outcome Scale
were significantly improved among 25 patients with aSAH after 1 month of
comprehensive rehabilitation training. Hydrocephalus was an independent
factor of the ability to perform ADLs (odds ratio, 0.29; 95% confidence inter-
val, 2.03. 3.15; p = 0.000). The improvement of ADLs in aSAH patients was
not related to sex, surgical method, aneurysm location, age, or smoking sta-
tus. Comprehensive and professional rehabilitation is effective for the cogni-
tion, movement, walking, ADLs, and functional prognosis of patients with
aSAH, while early hydrocephalus may be a risk factor for poor ADLs.
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Activities of Daily Living

1. Introduction

Aneurysmal subarachnoid hemorrhage (aSAH) is a disease associated with high
mortality and disability rates [1]. Although the management of aSAH has im-
proved significantly in recent years, at least 50% of the patients are left with
permanent dysfunction and cognitive impairment, and >90% of the patients
have decreased quality of life [2] [3] [4]. After aSAH, patients undergo complex
and individualized rehabilitation due to differing aneurysm locations and sur-
gical methods, as well as different neurological complications such as rebleeding,
hydrocephalus, epileptic seizures, and delayed cerebral ischemia (DCI) [4] [5]
[6]. In particular, secondary changes, such as brain edema and acute cerebral
vasospasm (CVS) caused by the subarachnoid space, are the key factors leading
to high mortality and disability rates [2] [7] [8] [9].

Patients with aSAH usually experience hemiplegia, cognitive dysfunction,
emotional behavior disorder, speech dysfunction, and/or urinary incontinence
after treatment in the acute phase. Previous studies have reported that, three
months after aSAH, patients had significant functional limitations in terms of
body movement, cognition, and emotion; these functional limitations, especially
cognitive impairment, significantly affected the patients’ activities of daily living
at discharge and the probability of returning to work [2] [3] [10] [11] [12]. Many
researchers have emphasized the importance of early and comprehensive profes-
sional rehabilitation, which can improve patients’ quality of life [13] [14] [15].
However, most studies have focused on the efficacy and safety of early rehabili-
tation for patients with acute subarachnoid hemorrhage and on the effectiveness
of a specific rehabilitation method [9] [16] [17] [18]. Prospective studies with
large samples on the rehabilitation of patients with aSAH are lacking.

Some studies have shown that the prognosis in the acute stage is not necessar-
ily consistent with the long-term functional results. Although the goal of treat-
ment in the acute stage is to minimize neurological complications such as hy-
drocephalus and delayed cerebral infarction, it does not always improve
long-term functional outcomes [19] [20]. Over time, the participation of func-
tionally independent aSAH patients has improved; however, a third of patients
still experience one or more participation restrictions after 1 year, especially
those with depression. Therefore, it is important to further explore the factors
affecting long-term prognosis. Wong et a/. found that delayed cerebral infarction
was an independent risk factor for cognitive deficits at 1 year [9], while early
cognitive impairment is considered to be an important factor affecting the
prognosis of rehabilitation, especially visual spatial memory defects and lan-
guage defects [21]. Another study confirmed that race, education, severe hunt

grade, hydrocephalus, and DCI are predictive factors for poor quality of life
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(QOL) [2].

This study retrospectively analyzed the data of patients with aSAH in the hos-
pital’s neurorehabilitation department to clarify the effects of comprehensive
rehabilitation on cognition, hemiplegia, and activities of daily living (ADLs) and

to analyze the risk factors that may affect rehabilitation.

2. Methods
2.1. Design

We conducted a retrospective study to evaluate the effects of comprehensive re-
habilitation on patients with aSAH. We also aimed to explore whether the loca-
tion of the aneurysm, surgical method, age, smoking status, degree of dysfunc-
tion, and neurological complications at admission affect the prognosis of reha-
bilitation. This study was approved by the Ethical Committee of the China Re-
habilitation Research Centre and conducted in accordance with the Declaration
of Helsinki.

2.2. Setting and Participants

The data of patients with aSAH admitted to the neurorehabilitation department
of the China Rehabilitation Research Center between January 2018 and February
2020 were reviewed using a medical workstation. The medical records of all pa-
tients were obtained from the electronic medical record system (EMR, HIS sys-
tem, 5.6 edition). All patients received comprehensive rehabilitation treatment.
The diagnosis of aSAH was based on computed tomography (CT) findings, and
patients were excluded if they did not receive rehabilitation treatment or were
hospitalized for less than 1 month. Patients with aSAH caused by traumatic or
arteriovenous malformations or unknown causes were also excluded from the
study. The aSAH diagnosis was confirmed using intra-arterial digital subtraction
angiography (DSA) or CT angiography (CTA). DCI is defined as a new cerebral
infarction identified on CT scans after SAH [22]. Cerebral hemorrhage was di-

agnosed via CT at onset or after operation.

2.3. Evaluation of Function and Outcomes

The general information, course of disease, limb paralysis, state of conscious-
ness, and functional scores at admission and discharge were extracted from the
medical records of the patients who met the study criteria. The patients’ cogni-
tive function, limb motor function, balancing function, walking ability, swal-
lowing ability, ability to perform ADLs, and outcome were assessed using the
Mini Mental State Examination (MMSE) [23], Fugl-Meyer Assessment Scale
(FMAS) for motor and balance assessment [24], Holden Functional Ambula-
tion Classification (FAC) [25], modified Rankin Scale (mRS) [26] [27], Na-
tional Institute of Health Stroke Scale (NIHSS) [28] [29], Modified Barthel In-
dex (MBI) [30] [31], Glasgow Outcome Scale (GOS) [32] [33], and World

Federation of Neurosurgical Societies Grading System of Subarachnoid He-
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morrhage (WENS-SAH) [34] [35]. All patients were assessed at admission and

one month later.

2.4. Comprehensive Rehabilitation Program

According to individual functional limitations, all patients received training us-
ing a combination of multiple rehabilitation methods. In addition to drug ther-
apy for improving cognition, preventing and controlling epilepsy, controlling
blood pressure, and improving mood, the specific rehabilitation training pro-

grams used are shown in Table 1.

2.5. Data Analysis

Microsoft Excel (Microsoft Office 2010, Microsoft Corporation, China) was used
for data collection and recording. Categorical data are given as numbers (per-
centages) unless otherwise specified. The numerical data are given as medians
and standard deviations (SDs). The treatment effect was determined by com-
paring the scores upon admission and after one month of comprehensive reha-
bilitation using the Wilcoxon signed-rank test. The ratios of mRS and GOS
scores before and after treatment were compared using the chi-square test. The
chi-square test was also used to analyze factors (gender, age, course of disease,
aneurysm location, operation mode, hypertension, delayed cerebral infarction)
influencing patients’ ability to perform ADLs, and multivariate logistic stepwise
regression analysis was performed. Statistical analyses were performed using the
SPSS statistical package (version 23.0; SPSS Inc.), and p-values > 0.05 were con-

sidered statistically significant.

3. Results

3.1. Demographic and Clinical Characteristics.

Between January 2018 and February 2020, 45 patients were admitted to the

Table 1. Summary of comprehensive rehabilitation methods.

M t and 1
Aim ovemen 'a.n cognitive function Dysphagia angufige ADL Other
transfer ability function
C ter aided
. on'qp?u eral .e Swallowing Transcranial magnetic Occupational Hyperbaric
Physical therapy cognitive function . K K
. training stimulation therapy oxygen
training
. Transcranial Electrical Rehabilitation .
Occupational . K R i Chinese
magnetic stimulation Speech therapy nursing
therapy . K R K acupuncture
stimulation of swallowing guidance
Item
Neuromusical Neuromusical d
ropaganda
Sling Exercise therapy (Music ice therapy (Melodic ai d 5 g gcation Physical factor
u
Therapy cognitive orientation stimulation tonality therapy; therapy
training)) Therapeutic singing)
Bal d gait
4 ance.: a~n e Hydrotherapy
training
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neurorehabilitation department with a diagnosis of aSAH. Twenty patients were
excluded because the SAH was determined to be caused by arteriovenous mal-
formation (n = 3), trauma (n = 10), or unknown etiology/other causes (n = 7).
The majority of patients in this study were male (56%), and the mean age was
56.84 years (SD = 10.9). At admission, two patients were in a state of minimal
consciousness, and the other patients were conscious. Demographic and clinical

characteristics are summarized in Table 2.

Table 2. Demographic and clinical characteristics of aSAH patients (N = 25).

Characteristic Value
Male 14 56%
Female 11 44%
Age (years), x+SD 56.84 +10.9
Course of disease (days) 14 - 710 130.84 + 149.13
Years of education,
0-22 11.68 £5.79
X +SD (years)
Smoking 8 32%
Hypertension 17 68%
Right limb 5 20%
Left limb 5 20%
Paralysis of limbs
Bilateral limbs 14 56%
No paralysis 1 4%
Type of aneurysm Endovascular coil embolization 18 72%
treatment Surgical clip ligation 7 28%
Anterior circulation 20 80%
Location of aneurysm
Posterior circulation 5 20%
Disturbance of consciousness 2 8%
Ventriculoperitoneal shunt 9 36%
Decompressive hemicraniectomy 11 44%
Clinical characteristics
Delayed cerebral infarction 15 60%
With cerebral parenchymal
11 44%
hemorrhage
I grade 1 4%
II grade 1 4%
WENS-SAH III grade 0
IV grade 6 24%
V grade 17 68%
0 grade 0
1 grade 0
2 grade 0
mRS
3 grade 1 4%
4 grade 14 56%
5 grade 10 40%

Abbreviations: aneurysmal subarachnoid hemorrhage (aSAH); standard deviation (SD); World Federation
of Neurosurgical Societies Grading System of Subarachnoid Hemorrhage (WFNS-SAH); modified Rankin
Scale (mRS).
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3.2. Functional Outcomes

After one month of comprehensive rehabilitation training, the FMAS for motor
and balance assessment, MMSE score of cognitive function, MBI of ADLs, FAC,
NIHSS, mRS, and GOS were significantly improved in 25 patients (Table 3).
This suggests comprehensive rehabilitation training is effective for patients with
aSAH.

Table 3. Changes in clinical scores of patients with aSAH before and after 1 month of re-
habilitation treatment.

Rating scales At admission After 1 month Zly? P
MMSE 5.48 £9.39 8.68 +10.70 —-3.068 0.002
FMAS for motor 38.40 +32.703 44.36 + 33.581 —3.642 0.000
FMAS for balance 4.40 +4.031 6.04 + 4.383 —-3.758 0.000
NIHSS 11.280 + 5.136 10.6 = 5.408 -2.179 0.029
MBI 28.2 £27.223 40.00 +27.950 -3.841 0.000
0 grade 0 0
1 grade 0 0
2 grade 0 0
mRS 3 grade 1 7 9.632 0.047
4 grade 13 14
5 grade 9 2
6 grade 0 0
1 grade 0 0
2 grade 4 2
GOS 3 grade 21 21 11.536 0.003
4 grade 0 2
5 grade 0 0
0 grade 17 12
1 grade 3 5
FAC 2 grade > > 50.314 0.000
3 grade 0 0
4 grade 1 2
5 grade 1 1
7 grade 13 14
6 grade 3 1
Classification of 5 grade 1 1
ingestion and
swallowing 4 grade 2 5 77.289 0.000
function 3 grade 3 2
2 grade 0 0
1 grade 3 2

Abbreviations: Mini Mental State Examination (MMSE); Fugl-Meyer Assessment Scale (FMAS); National
Institute of Health Stroke Scale (NIHSS); Modified Barthel Index (MBI); modified Rankin Scale (mRS);
Glasgow Outcome Scale (GOS); Holden Functional Ambulation Classification (FAC).
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3.3. Risk Factors

The factors affecting improvement of ADL in patients with aSAH are shown in
Table 4. The chi-square test revealed significant differences in smoking (P =
0.032) and hydrocephalus (p < 0.001), but there were no significant differences
in sex, age, operation mode, aneurysm location, education, DCI, or WENS-SAH
between the two groups (p > 0.05). Considering the possible interactions be-
tween factors, multivariate logistic stepwise regression was used to screen va-
riables. Hydrocephalus was an independent factor for the ability to perform
ADLs (OR, 0.29; 95% confidence interval [CI], 2.03 - 3.15; p = 0.000). Improve-
ment in ADLs was not related to sex, surgical method, aneurysm location, age,

or smoking status.

Table 4. Factors affecting activities of daily living.

MBI < 35 MBI > 35

Items ) () X P
Female 3 8
Sex 2.231 0.135
Male 8 6
<50 3 3
Age (years) 0.115 0.734
>50 8 11
0 0 3
Years of education <12 7 5 3.423 0.181
>12 4 6
Method of Clipping 3 4 0005 0.943
treatment Coiling 3 10 ' '
Location of Anterior circulation 9 11 0041 0,840
aneurysm Posterior circulation 2 3
Yes 9 8
Hypertension 1.724 0.189
No 2 6
Yes 6 2
Smoking 4.588 0.032
No 5 12
<6 month 8 11
Course of disease 0.115 0.734
>6 month 3 3
Yes 7 8
DCI 0.108 0.742
No 4 6
Yes 8 1
Hydrocephalus 11.5 0.001
No 3 13
1 grade 1 0
2 grade 0 1
WENS-SAH 4.429 0.219
4 grade 1 5
5 grade 9 8

Abbreviations: Modified Barthel Index (MBI); delayed cerebral ischemia (DCI); World Federation of Neu-
rosurgical Societies Grading System of Subarachnoid Hemorrhage (WFNS-SAH).
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4. Discussion

It is accepted that aSAH leads to dysfunction and decline of a patient’s ability to
perform ADLs due to complications with cerebral parenchyma hemorrhage,
DCI, hydrocephalus, and so on. Therefore, although many rehabilitation studies
have been published on stroke, there are few on the rehabilitation of patients
with SAH, especially aSAH. In this study, we compared function scores and
ADLs at admission with those after 1 month of rehabilitation and found that
comprehensive rehabilitation significantly improved cognitive and motor func-
tion, prognosis, and ADLs. Though there were only 25 patients in this study, the
effectiveness of rehabilitation can still be seen after subgroup analysis according
to aneurysm location, surgical intervention, and WFNS-SAH at onset. To fur-
ther clarify the factors affecting the prognosis of rehabilitation, future studies
with larger samples are needed.

In 2002, researchers investigated the prognosis of aSAH patients 3 months af-
ter onset. Sixty-one patients were selected, and their Extended Glasgow Out-
come Scale (GOSE) and functional status examination scores were evaluated.
The results showed that, in almost all aspects of life, including physical activity,
cognition, and emotion, scores decreased in patients with aSAH after three
months, and the ADLs of most patients decreased significantly. This demon-
strates that proper rehabilitation intervention is needed, and that family educa-
tion and guidance can improve these patients’ QOL [10]. Before that study, re-
searchers in Japan investigated the return-to-work rate of middle-aged patients
with aSAH. They found that patients with Hunt scores of 2 or below were more
likely to return to work than those with Hunt scores of 3 or above. The gender,
occupation, employer, and socio-economic background of patients were shown
to affect return-to-work probability [11]. In 2014, Maeshima et al reported a
rare case of unilateral hippocampal injury caused by a ruptured posterior cere-
bral aneurysm [36]. Although the condition was stable after acute treatment and
the instantaneous and long-term memory were almost completely preserved, the
patient’s short-term memory was moderately damaged. The authors believed
that, after 10 weeks of cognitive-function evaluation and treatment, the patient’s
cognitive function and social participation abilities had improved; they put forth
that dynamic functional imaging can be used to explore the presence of
brain-function remodeling. These studies suggest that focusing on the rehabili-
tation of aSAH (especially the cognitive, motor, and ADL aspects) can better
improve the ability of patients to return to society.

A Japanese study reviewed the impact of neuropsychological damage on mo-
tor function in patients with aSAH and emphasized that treatment in the acute
phase is lifesaving. However, many patients with aSAH experience long-term
functional impairment, such as cognitive impairment or emotional disorder. It is
believed that rehabilitation treatment can improve brain injury after aSAH [15].
However, the available literature on the rehabilitation of patients with aSAH is

comprised of mostly case reports and studies focusing on rehabilitation in the
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acute stage; the findings suggest that early rehabilitation is safe and effective, and
moderate rehabilitation can improve depression, cognition, and language-learning
ability [13] [14] [16] [17] [37]. However, there are few studies on rehabilitation in
the convalescent period.

There was one study published on rehabilitation combined with ventriculope-
ritoneal shunt for the treatment of chronic normal intracranial pressure hydro-
cephalus after SAH [38] [39]. During the course of rehabilitation, 39 patients
were diagnosed with normal intracranial pressure hydrocephalus. Among them,
24 patients underwent ventriculoperitoneal shunt surgery and 15 patients did
not undergo shunt placement. After 1 and 6 months of rehabilitation treatment,
the MBI and MMSE scores were evaluated. The results suggest that rehabilita-
tion therapy alone cannot improve the symptoms of chronic normal intracranial
pressure hydrocephalus, but when combined with ventriculoperitoneal shunt,
they can significantly improve cognitive function and ADL ability. It should be
noted, however, that the study had no specific descriptions of rehabilitation in-
tervention, rehabilitation dose, or other details.

A prospective study was conducted to analyze the forms of cognitive impair-
ment among patients with aSAH and the influencing factors of cogni-
tive-function prognosis, such as age, NIHSS, mRS, and BDI [12]. Through a
26-month follow-up study, it was found that, in addition to the age of onset, DCI
was the main independent risk factor for cognitive impairment one year after
aSAH. No correlation was noted between the location of aneurysm and
WENS-SAH upon admission. Subsequently, another prospective cohort study
was conducted to analyze the risk factors of poor quality of life in patients with
aSAH [2]. The researchers found that non-white race, low education level, de-
pression, high Hunt grade, and DCI were predictors of poor QOL one year after
onset. Poor QOL was associated with age, secondary hydrocephalus, secondary
pneumonia, and sepsis. The article also mentioned that 91% of patients with
poor QOL could not return to work, and that these patients only received exer-
cise therapy; little attention was paid to the rehabilitation of cognitive or emo-
tional behavior. When taken together, these two studies indicate that a third of
patients with aSAH have poor QOL after one year and that DCI is the most im-
portant influencing factor for poor prognosis [2] [12]. Early intervention reha-
bilitation and attention to cognitive and emotional disorders can help patients
achieve higher QOL. Although our study was a retrospective analysis and the
number of cases was relatively small, we have shown that comprehensive reha-
bilitation has certain effects, regardless of the degree of illness. It not only im-
proves motor function, but also improves cognition, thus improving ADLs and
reducing the burden of family care. However, we found smoking and hydroce-
phalus to be impact factors for ADL ability, especially in the further multiple re-
gression analysis, suggesting that only hydrocephalus is an independent risk
factor for poor ADL ability. In addition to the small sample size, this may be re-
lated to the relatively serious conditions of the included patients (GOS of 3 or
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below, mRS of 4 - 5).

Limitations of the Study

This study had several limitations. It was a retrospective analysis, and the sample
size was relatively small. Due to this small sample size, the significance of statis-
tical difference might be insufficient in the subgroup analysis for risk factors.
Second, the WENS-SAH of the hospitalized patients analyzed in this study was 4
or 5, the GOS was concentrated in grade 3, and mRS was 4 or above, which does
not represent the rehabilitation treatment of all patient levels. Third, the rehabil-
itation treatment used in this study was comprehensive, and some suitable
treatment methods may not have been included due to various factors of the pa-

tients or their families; this may not fully reflect the best effect of rehabilitation.

5. Conclusion

The results of this retrospective study suggest that comprehensive rehabilitation
therapy is effective for patients with aSAH. Regardless of the location of the
aneurysm, the method of surgical intervention, and the degree of illness at ad-
mission, the cognitive function, motor function, and activities of daily living are
improved after rehabilitation treatment. Therefore, it is suggested that patients
with aSAH should receive comprehensive and professional rehabilitation as early
as possible, which is conducive to the improvement of patients’ function and
ability of daily life.
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