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Impact of blood pressure on the outcomes of
inpatients with Subarachnoid hemorrhage
A retrospective cross-sectional study
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Abstract N
It is unclear whether antihypertensive treatment should be indicated after subarachnoid hemorrhage (SAH). Hence, we investigated |
the impact of blood pressure on inpatient outcomes after SAH rehabilitation.

This retrospective cross-sectional study analyzed data of SAH inpatients, as obtained from the Japan Association of Rehabilitation
Database for inpatients undergoing SAH rehabilitation. Inpatients admitted to a conventional ward with a diagnosis of
cerebrovascular disease were voluntarily registered in this database between January 2006 and December 2013 from hospitals in
Japan. Patients were categorized into hypertensive and non-hypertensive populations and assessed using the Barthel Index (Bl) and
the total Bl score at hospital discharge. We compared the independent population (patients with the highest score for each activity)
with its non-independent counterpart. Data on the patients’ age, Bl score on admission, total Bl score, Bl score increase, daily Bl
score increase, hospitalization duration, Bl activities, patients’ sex, and Brunnstrom recovery stage were compared.

Eighty-eight patients with SAH were analyzed; 43 were hypertensive and 45 non-hypertensive. Hypertension was associated with
increased non-independence levels (hypertensive versus non-hypertensive patients, transfers [bed to chair and back]: 15 versus 24,
P=.03, odds ratio (OR)=2.532 (95% confidence interval [Cl], 1.065-6.024); toilet use: 15 versus 24, P=.03, OR=2.532 (95% Cl,
1.065-6.024); bathing: 23 versus 34, P=.0061, OR=3.623 (95% Cl, 1.414-9.259); stair climbing: 22 versus 31, P=.03, OR=2.703
(95% Cl, 1.114-6.579); and bladder control: 14 versus 24, P=.02, OR=2.801 (95% ClI, 1.170-6.711)). The total Bl score of the
hypertensive inpatients at discharge was lower than that of their non-hypertensive counterparts (075 versus 80-100, 30 versus 19,
P=.03). Moreover, the Bl score increase per day was significantly lower in the hypertensive group than in the non-hypertensive group
(.67 versus 1.8, P=.02). The hypertensive group also had a significantly longer duration of hospitalization than the hypertensive group
(52 versus 30days, P=.02).

Hypertension was associated with longer hospitalization and poorer outcomes post-discharge, suggesting the importance of strict
blood pressure control in patients who have experienced SAH.

Abbreviations: ADL = activities of daily living, Bl = Barthel Index, BP = blood pressure, BRS = Brunnstrom Recovery Stage,

JARD = Japan Association of Rehabilitation Database, MRS = modified Rankin scale, SAH = subarachnoid hemorrhage.
Keywords: activities of daily living, hypertension, inpatients, stroke, subarachnoid hemorrhage
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1. Introduction

Subarachnoid hemorrhage (SAH) is a significant cause of
morbidity and mortality, worldwide. In a systematic review of
studies published in October 2005, De Rooij et al found that the
overall incidence of SAH was 9.1 per 100,000 person-years.!"!
In Japan and Finland, the incidence was shown to be higher than
that in other countries, at 22.7 and 19.7 per 100,000,
respectively. The outcomes after aneurysmal SAH depend on
the severity of the initial hemorrhage, occurrence of rebleeding,
perioperative medical management, and the timing and
technical success of aneurysm exclusion from the cerebral
circulation. Important modifiable risk factors for SAH are
cigarette smoking, hypertension, and excessive alcohol intake,
whereas non-modifiable risk factors include sex, age, aneurysm
size, and family history.?! Juvela investigated 142 patients with
181 unruptured aneurysms diagnosed between 1956 and 1978
and followed-up the patients until death, SAH development, or
1997 t0 2000, and found that increased systolic blood pressure
(BP) values and long-term hypertension before aneurysm
rupture predict fatal SAH independently of aneurysm size,
patient sex, or age at the time of rupture.’! A review by Feigin
et al revealed that hypertension increased the risk of SAH by
nearly 2.5-fold.[*!
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The Barthel Index (BI) is a measure of patient independence
that provides a score indicating the ability of a person with a
neuromuscular or musculoskeletal disorder to care for himself/
herself,”™ and it is also a highly valuable scoring system for the
prognostic prediction of patients with acute cerebral infarction.!®’
The BI evaluates 10 basic activities of self-care (feeding,
grooming, dressing, toilet use, bathing, control of bowels, and
bladder control) and mobility (transfers [bed to chair and back],
walking on a level surface, and stair climbing) with a total score
ranging from 0 (total dependence) to 100 (totally independent
functioning). As the BI does not include an assessment of death, it
is not translatable to all 6 levels of the modified Rankin scale
(mRS), which is another dependency index. The BI possesses
certain advantages in the assessment of the activities of daily
living (ADLs), which include completeness, sensitivity to change,
reliability, suitability for statistical manipulation, and greater
familiarity owing to widespread use.[”~1%!

Considering that hypertension is readily treatable and that data
on the impact of BP on SAH recovery are limited, we performed
this study to analyze the effect of BP on the outcomes of patients
post-SAH rehabilitation using the BI in Japan.

2. Materials and methods

2.1. Ethical considerations

We analyzed a deidentified dataset in this study; therefore, the
requirement for written informed consent from the patients was
waived. Our study was approved (#2019-35) by the ethical
advisory committee of Sunagawa City Medical Center and was
conducted ethically in accordance with the World Medical
Association Declaration of Helsinki.

2.2. Data source

In this retrospective cross-sectional study, we analyzed SAH
inpatient data, as obtained from the Japan Association of
Rehabilitation Database (JARD; the data can be obtained from
http://square.umin.ac.jp/JARD/index.html). Inpatients admitted
to a conventional ward with a diagnosis of cerebrovascular
disease (lacuna infarction, atherothrombotic infarction, cardi-
oembolic infarction, infarction of other types, hypertensive
hemorrhage, hemorrhage of other types, and SAH) were
observed until hospital discharge, and voluntarily registered in
this database between January 2006 and December 2013 from
hospitals in Japan. We included patients with no medical history
of cerebrovascular diseases, those with complete records on
hypertension and B, those aged 10 or older, those with SAH, and
those hospitalized for <180days. Finally, 88 patients were
included in the statistical analysis (Fig. 1). We divided them to
compare the data between hypertensive patients and their non-
hypertensive counterparts.

2.3. Hypertension

Hypertension was diagnosed and categorized in each hospital. It
was defined as 2 consecutive systolic BP measurements >140 mm
Hg and/or diastolic BP levels >90mm Hg, according to the
general definition used in Japan. Patients taking antihypertensive
medications were categorized as having hypertension regardless
of their BP measurements.
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|JARD (n = 9951) |

Excluded (n = 4306) history of
cerebrovascular diseases

——| Excluded (n = 219) HBP unknown |
— Excluded (n = 4053) Barthel index unknown |
——| Excluded (n = 3) age <10 or unknown |

|| Excluded (n = 1281) different types of
cerebrovascular disease

—~| Excluded (n = 1) hospitalization >180 days |
|SAH (n=88) |

Figure 1. Flow chart showing the selection of inpatients with subarachnoid
hemorrhage. HBP=high blood pressure (hypertension), JARD=Japan
Association of Rehabilitation Database, SAH=subarachnoid hemorrhage.

2.4. BI

The BI was assessed at hospital admission and discharge; the
value at admission is a potential bias of ADL outcomes, while
that at discharge is an outcome. We divided each BI activity into
the independent population (the highest score for each activity)
versus the non-independent population. We also divided the total
BI scores into 0 to 75 (BI 80-) versus 80 to 100, 0-55 (BI 60-)
versus 60 to 100, 0-35 (BI 40-) versus 40 to 100, or O to 15 (BI
20-) versus 20 to 100 to compare each category and its respective
control. The total BI scores were also divided by the number of
hospitalization days to calculate the daily change in BI.

2.5. Brunnstrom recovery stage (BRS)

Paresis is associated with potential bias in ADL outcomes. BRS is
reflective of the impact of hypertension on paresis of the upper
extremities, the hands and fingers, and the lower extremities,
given that it plays a role in patients’ health status deterioration
after stroke."" In our study, BRS was categorized into 1 versus
2-6, 1-2 versus 3-6, 1-3 versus 4-6, 1-4 versus 5-6, and 1-5
versus 6.

2.6. Statistical analysis

Data on the patients’ age, BI score on admission, total Bl score, BI
score increase, daily BI score increase, and hospitalization
duration were compared using Student #-test (Wilcoxon test) for
continuous variables. Total BI score, BI activities, patients’ sex,
and BRS were compared using the Pearson chi-square test (Fisher
exact test) for non-continuous variables by drawing a 2x2
contingency table. Statistical analysis was performed with JMP10
software (SAS Institute, Inc., Cary, NC) and P-values <.05 were
considered significant.

3. Results

Figure 1 shows the data selection procedure employed in our
study. The JARD included 9,951 cerebrovascular disease
inpatients admitted to conventional wards.
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Effect of hypertension on the outcomes of inpatients with subarachnoid hemorrhage after stroke rehabilitation.

Bl Score Non-HBP (n=45) HBP (n=43) P-value
Bl activities Feeding 0and 5vs. 10 13 17 .29
Transfers 0, 5, and 10 vs. 15 15 24 .03*
Grooming 0vs. 5 13 18 .20
Toilet use 0and 5 vs. 10 15 24 .03*
Bathing 0vs. 5 23 34 .0061*
Walking 0, 5, and 10 vs. 15 39 32 15
Stairs 0and5vs. 10 22 31 .03*
Dressing 0and 5 vs. 10 40 38 .94
Bowel care 0and 5vs. 10 14 21 .09
Bladder 0and 5 vs. 10 14 24 .02%*
Bl score 80- 0-75 vs. 80-100 30 19 .03*
60- 0-55 vs. 60-100 31 22 .09
40- 0-35 vs. 40-100 33 27 .29
20- 0-15 vs. 20-100 37 30 a7

Bl=Barthel index, HBP =high blood pressure (hypertension).

The hypertensive patients showed significantly higher levels of
non-independence at hospital discharge for transfers than the
non-hypertensive patients (bed to chair and back, 15 versus 24,
P=.03), toilet use (15 versus 24, P=.03), bathing (23 versus 34,
P=.0061), stair climbing (22 versus 31, P=.03), and bladder
control (14 versus 24, P=.02) (Table 1). The total Bl score in the
hypertensive inpatients, as obtained using ordinal analysis, was
significantly lower than that in their non-hypertensive counter-
parts (BI score: 0-75 vs. 80-100, P=.03). We analyzed the BI
scores in both the hypertensive and non-hypertensive patients
with continuous analysis; the median values were 60 and 95,
respectively (P=.01). The median BI score was 0 for both
hypertensive and non-hypertensive inpatients at hospital admis-
sion; the difference was not statistically significant (P=.16)
(Table 2) when analyzed under the assumption that they are
continuous variables. The duration of hospitalization was
significantly longer in the hypertensive inpatients than in the
non-hypertensive inpatients (52 versus 30days, P=.02). The
increase in Bl score during hospitalization (again, with the caveat
that they were treated as continuous variables) was not
significantly different between the hypertensive and non-
hypertensive patients (45 versus 60, P=.11), although the daily
BI score increase was significantly lower in the former than in the
latter group (.67 versus 1.8, P=.02).

Finally, the analysis of the available paresis data on 72
inpatients who experienced SAH, including 33 hypertensive and

Number, age, Barthel index scores, and hospitalization durations
of inpatients with subarachnoid hemorrhage.

Non-HBP HBP P-value

Patients, n 45 43 .79

Male, n 18 16

Female, n 27 27
Age, years 63 61 .83
Bl score at admission 0 0 16
Bl score increase 60 45 hh
Daily Bl score increase 1.8 .67 02%
Duration of hospitalization, days 30 52 02*

Bl=Barthel index, HBP =high blood pressure (hypertension). The age, Bl score, and duration of
hospitalization are presented as median values.

39 non-hypertensive patients, revealed that hypertension did not
affect the BRS (Table 3). Notably, no significant differences in sex
or age were observed between the hypertensive and non-
hypertensive inpatients (Table 2).

4. Discussion

Our study is unique in that BI activities were used to analyze the
impact of hypertension on patients’ post-SAH ADLs. We found
that hypertension was associated with a deterioration in several
BI activities. A lower total BI score at the time of hospital
discharge was also confirmed among the hypertensive inpatients.
To the best of our knowledge, no previous studies have
investigated whether the duration of hospitalization is longer
among hypertensive inpatients who have experienced SAH.

In the present study, individual BI activities were analyzed
using the Pearson chi-square test or Fisher exact test, as they are
categorical variables; thus, our statistical methodology is
appropriate. This analysis allowed the consideration of BI
activities as meaningful measures of ADL, thereby demonstrating
that this method may serve as a useful alternative to the more
commonly used total BI. Using a continuous scale for the Bl score
would be inappropriate, as this score is the sum of individual BI
activities (ordinary variables). Therefore, in the present study, we
divided the BI scores into categories for statistical analysis. The
obtained results were statistically significant; thus, BI activities
have some advantages over the Bl in the assessment of the ADLs
of people with cerebrovascular diseases, elderly people, and the
general population.

In the present study, no significant differences were observed
between the hypertensive and non-hypertensive inpatients in
terms of BI activities, including feeding, grooming, walking,
dressing, and bowel care. Three of these items (with the exception
of walking) are self-care items and may require a lower
circulatory system load than the mobility-related items. Con-
versely, the deteriorations in the quality of transfers, toilet use,
bathing, stair climbing, and bladder care in the hypertensive
inpatients, all of which require mobility skills that may exert a
heavier load on the circulatory system, were statistically
significant. These BI activity results show that hypertension
leads to ADL deteriorations at hospital discharge after SAH
rehabilitation.
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Effect of hypertension on Brunnstrom Recovery Stage scores.

BRS Score Non-HBP (n=37) HBP (n=27) P-value
UE 1 1vs 2-6 0 1 45
2 1-2 vs 3-6 3 3 1.0
3 1-3 vs 4-6 4 3 1.0
4 1-4 vs 5-6 7 4 74
5 1-5vs 6 8 5 .59
HF 1 1vs 2-6 0 1 45
2 1-2 vs 3-6 3 3 1.0
3 1-3 vs 4-6 4 3 1.0
4 1-4 vs 5-6 6 3 .50
5 1-5vs 6 8 4 52
LE 1 1vs 2-6 0 1 45
2 1-2 vs 3-6 2 2 1.0
3 1-3 vs 4-6 4 2 .68
4 1-4 vs 5-6 5 4 1.0
5 1-5vs 6 7 5 .80

BRS =Brunnstrom Recovery Stage, HBP =high blood pressure (hypertension), HF =hand and finger,
LE=lower extremity, UE=upper extremity.

The proportion of hypertensive inpatients whose total Bl score
was >80 was significantly lower than that of non-hypertensive
inpatients. Granger et al found that 75% of patients with stroke
and BI scores of at least 85 could independently perform chair
and toilet transfers, while more than one-third could walk 50
yards independently.'?! A score of 85 usually corresponds to
independence with minimal assistance. Inpatients whose BI
scores are >80 are, therefore, likely to be predominantly
independent, except when climbing/descending stairs and
bathing, and can be discharged from the hospital. We found
that a greater proportion of non-hypertensive inpatients could be
discharged than their hypertensive counterparts. The deteriora-
tion of the BI bathing score (P=.0061) among the hypertensive
inpatients may have strongly affected the total Bl score at hospital
discharge. The impact of hypertension on ADL after stroke
rehabilitation has been previously studied, predominantly using
the mRS as the outcome measure.!">~'”! However, we posit that
ADL assessment, using the BI combined with mRS mortality
estimation, may provide a more appropriate measure of
outcomes than other methods (potentially including neuroimag-
ing).

Inamasu et al performed a retrospective study to evaluate
whether hypertension, as observed in the emergency department,
is predictive of poor outcomes in patients with SAH using the
mRS at 30days after admission"®! and concluded that an initial
systolic BP >220mm Hg may be a crude indicator of poor
outcomes in these patients. Ohkuma et al investigated 273 Asian
patients with SAH who were admitted to Japanese institutions
within 24 hours of their initial bleeding and found that a systolic
arterial pressure >160mm Hg was a possible risk factor for
rebleeding."” They also studied 198 patients with aneurysmal
SAH between 1989 and 1998 and found that a history of
hypertension increased the risk of SAH.*”) Rosengart et al
analyzed data of 3,567 patients with aneurysmal SAH who
participated in 4 randomized, double-blind, placebo-controlled
clinical trials of tirilazad®!! and found that a high systolic BP at
admission and a history of hypertension were associated with
unfavorable outcomes at 3months after aneurysmal SAH
surgical treatment. The American Heart Association/American
Stroke Association guidelines recommend oral nimodipine
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administration for the management of cerebral vasospasms
and delayed cerebral ischemia after aneurysmal SAH for all
patients.**! These guidelines emphasize that the agent improves
neurological outcomes, but not the rates of cerebral vasospasm,
as well as that, while the magnitude of BP control required for the
reduction of the risk of rebleeding is not established, a decrease in
the systolic BP to <160 mm Hg may be reasonable in preventing
rebleeding after SAH. Further, the induction of hypertension for
patients with delayed cerebral ischemia is recommended. Our
results are compatible with those of most previous studies that
reported on SAH and encourage the implementation of strict BP
control following current guidelines.

Our study has some limitations. First, a systematic protocol for
the recording of BP was not available, and we relied on the
measurements acquired during routine clinical practice at each
hospital. It was not possible to observe the dose-dependent effect
of BP on rehabilitation outcomes, as the BP readings were divided
into the hypertensive and non-hypertensive types; individual
readings were not available. Further, data on the effect of BP
variations were not available. This is an important area for future
research. Second, as the hypertensive inpatients were supposedly
treated with antihypertensives following existing guidelines, and
as the impact of hypertension could have been observed more
reliably in patients who were not taking these agents, the presence
of bias cannot be ruled out. Third, our data were obtained based
on the results of our previous analysis on Asians—predominantly
Japanese people; and none of the analyzed patients were Africans
or Caucasians. Finally, we did not assess mortality, which may
have biased our study, although this has already been
investigated by another group.!'®! Despite these limitations,
our results encourage the implementation of strict BP control
among patients admitted to the hospital for rehabilitation after
SAH.

Our study also has several strengths. First, our analysis
excluded inpatients with a history of stroke; only those with
primary SAH were analyzed. Second, paresis and ADL at hospital
admission and discharge were assessed by those who were
involved with rehabilitation medicine using BRS and the BI.
Third, precise assessments and analyses performed using the total
Bl score and individual Bl activities aided in the observation of the
impact of BP on ADL after SAH rehabilitation. Lastly, we
investigated the duration of hospitalization after SAH.

5. Conclusions

Hypertension was associated with longer durations of hospital stay
among patients with SAH and a deterioration in the BI combined
with a slower daily BI score increase during hospitalization.
Although longer hospitalization durations should be prospectively
evaluated with a larger number of demographic features in future
studies, we believe that strict BP control can improve patients’
rehabilitation outcomes after SAH, worldwide.
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