J. Phys. Ther. Sci. 33: 27-31, 2021

=

Original Article

Outcome prediction in patients with putaminal
hemorrhage at admission to a convalescent
rehabilitation ward based on hemorrhage
volume assessed with computed tomography
during acute care

TosHIKI Yasukawa, MDY*, Tetsuo Koyama, MD, PhD! 2, Yuki UcHiyama, MD, PhDY,
Sava Iwasa, MDD, Jun Sarto, MD, PhD?, JuN TakaHASHI, MD, PhD?,
Naoko Kiritani, MD?), KazuHisa DoMeN, MD, PhDY

) Department of Rehabilitation Medicine, Hyogo College of Medicine: 1-1 Mukogawa-cho, Nishinomiya,
Hyogo 663-8501, Japan

2 Department of Rehabilitation Medicine, Nishinomiya Kyoritsu Neurosurgical Hospital, Japan

3 Department of Rehabilitation Medicine, Rakusai Shimizu Hospital, Japan

Abstract. [Purpose] The aim of this study was to assess the usefulness of computed tomography for outcome
prediction in patients with putaminal hemorrhage at admission to a convalescent rehabilitation ward. [Participants
and Methods] Patients admitted to our convalescent rehabilitation ward after transfer from acute care hospitals were
included in this study. Multiple regression analyses were performed using the score in the motor component of the
Functional Independence Measure at discharge as the target value. Hemorrhage volume assessed with computed
tomography during acute care and age were set as the explanatory variables. The motor component of the Func-
tional Independence Measure score at admission and the time (days) from onset were also recorded. Correlation
analyses between all the possible pairs of explanatory variables were then performed. [Results] Hemorrhage volume
and age were both significant contributors to the motor component of the Functional Independence Measure score
at discharge. However, the contribution of hemorrhage volume disappeared when the time from onset and motor
component of the Functional Independence Measure score at admission were added. Hemorrhage volume signifi-
cantly correlated with the time from onset and motor component of the Functional Independence Measure score at
admission. [Conclusion] The present findings suggest that computed tomography may be useful for outcome predic-
tion from the acute stage in stroke patients with putaminal hemorrhage. However, because of multicollinearity, its
predictive power was reduced when the patients were transferred to a convalescent rehabilitation ward.
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INTRODUCTION

Outcome prediction is critically important for scheduling appropriate rehabilitative treatment for patients after stroke!).
Several prediction methods have been proposed. For example, initial clinical severity was reported to be critical for predic-
tion of long-term outcome? ). Age was also found to be one of the most powerful predictors for outcome* . Further, several
new technologies were reported to have utility for outcome prediction®, including transcranial magnetic stimulation (TMS)
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combined with motor evoked potential”> ®. However, clinical examination using TMS is not yet widely available in Japan
because the equipment is expensive and interpretation of motor evoked potential data is difficult?. Alternatively, diffusion-
tensor imaging, which allows assessment of neural fiber integrity in vivo, has been used for outcome prediction'% '), although
this application is not widely used because of the complexity of image analysis procedures and their interpretation'?.

Computed tomography (CT) is a conventional neuroimaging technique used for diagnosis of stroke, particularly in
hemorrhagic cases. For example, the hemorrhage volume assessed by CT is a powerful predictor of mortality'> '4), but a
less accurate predictor of functional outcome! 1), Nevertheless, CT is widely used in daily clinical practice for assessing
neurological stroke biomarkers. In the present study, we examined the utility of CT in combination with age and clinical
severity, measured in our convalescent rehabilitation ward in Japan, for predicting functional outcome. To avoid confounders
related to different types of stroke and lesion sites, we focused on patients with putaminal hemorrhage.

PARTICPANTS AND METHODS

We included patients admitted into our convalescent rehabilitation ward in Rakusai Shimizu Hospital between April 2016
and May 2019. The study protocol was approved by the Hyogo College of Medicine Ethics Committee (No. 3522). Patient
consent was obtained by the opt-out method. Patients were typically transferred to our convalescent rehabilitation ward from
local community acute care hospitals where they were diagnosed with a stroke. During acute care, patients were managed
conservatively with anti-hypertensives and, when necessary, surgical evacuation of hematoma. In line with Japanese health
insurance procedures, patients were referred from acute care hospitals to our convalescent rehabilitation facility within 60
days after stroke, where they subsequently received in-patient rehabilitation. During hospitalization, patients received physi-
cal, occupational, and speech therapy for up to 180 min (combined daily total) in accordance with the Japanese Guidelines
for the Management of Stroke standard recommendations!”.

To minimize variability related to different types of stroke and lesion sites, we limited our analytical database inclusion
criteria to patients with putaminal hemorrhage. To avoid confounders related to variability of pre-stroke functional status,
we also limited inclusion criteria to first-ever stroke patients who could walk unaided and who had been functionally inde-
pendent in their activities of daily living. To minimize potential confounders related to surgical invasiveness, we excluded
patients who underwent surgery. Patients who required subsequently acute medical services (e.g., for recurrence of stroke,
angina pectoris, or other coincidental condition) were also excluded.

On arrival at an acute care hospital, the patients in the study population underwent head CT scanning. The volume of the
intracerebral hemorrhage was estimated via a conventional method, as follows'> '4). First, the CT slice that contained the
largest area of hemorrhage was identified and the largest hemorrhage diameter was measured (value A; in cm). Next, the
largest hemorrhage diameter perpendicular to A was measured (value B; in cm). Finally, the height of the hemorrhage was
measured (value C; in cm). The hemorrhage volume (in mL) was estimated using following equation: (A x B x C)/21®),

For outcome assessment, we used the Functional Independence Measure (FIM), a common tool in stroke rehabilitation!?).
FIM comprises motor and cognition components. In the present study, we focused on the motor component (FIM-motor),
which comprises 13 items: eating, grooming, bathing, dressing the upper body, dressing the lower body, toileting, bladder
control, bowel control, transfer to bed, chair, or wheelchair, transfer to toilet, transfer to tub or shower, walking or wheelchair
propulsion, and stair climbing. Each item is scored on a seven-point scale (1=total assistance; 7=complete independence)
and the sum of FIM-motor (scale range, 13-91) is used to evaluate functional independence in activities in daily living for
stroke rehabilitation. FIM scores were assessed at admission to our convalescent rehabilitation ward, then monthly and finally
at discharge. Patients were typically discharged from our facility when the growth of the FIM-motor score plateaued over a
1-month period. The total length of hospital stay (LOS) was recorded for each patient??).

Multivariate regression was used for all analyses. The target values were FIM-motor at discharge and LOS. For both target
values we performed two types of multivariate regression analyses. For two-factor modeling, two factors determined at onset
(age and hemorrhage volume assessed by CT) were used as explanatory variables. For four-factor modeling, days after onset
and FIM-motor scores at admission (assessed when patients were transfer to our convalescent rehabilitation ward) were also
added as explanatory variables. The rationale for use of these additional explanatory variables was previously described?!»2?).
The multicollinearity relationships between the four explanatory variables were examined using a Spearman’s correlation test
for all possible pairs. All statistical analyses were performed using statistical software (JMP software package; SAS Institute,
Cary, NC, USA). A p-value <0.05 was considered statistically significant.

RESULTS

A total of 67 patients were initially included in this study. Of these, 13 patients received surgical removal of the hematoma
and two patients required acute medical services during hospitalization. Based on our inclusion criteria, these 15 patients
were excluded from the final analytical database. Thus, 52 patients were entered into the final study. The demographics of
the patients are shown in Table 1. There were 33 male and 19 female cases, with 19 having right hemisphere lesions and 33
having left hemisphere lesions.

The results of two-factor modeling and multivariate regressions for FIM-motor at discharge and LOS are shown in Table 2.
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The estimated f-values for the explanatory values indicated that both age and hemorrhage volume assessed by CT were
equally powerful predictors of FIM-motor at discharge. Conversely, only hemorrhage volume was significantly associated
with LOS.

The results of four-factor modeling and multivariate regressions for FIM-motor at discharge and LOS are shown in
Table 3. Age, days from onset, and FIM-motor at admission were significantly associated with FIM-motor at discharge. By
contrast, only age and FIM-motor at admission were significantly associated with LOS. Hematoma volume assessed by CT
was not significant for FIM-motor at discharge or LOS in the four-factor models.

The results obtained from correlation analyses between the explanatory variables are shown in Table 4. The hemorrhage

Table 1. Patients’ demographics

Age (years) 64.5+13.0
Lesion hemisphere (right/left) 19/33
Gender (males/females) 33/19
Volume of hemorrhage (mL) 2544217
Days from onset 22.8+9.0
FIM-motor score at admission 383+19.6
FIM-motor score at discharge 71.3+19.7
LOS (days) 128.9+49.2

FIM-motor: motor component of the Functional Independence
Measure; LOS: length of hospital stay.

Data are presented as mean + standard deviation unless otherwise
stated.

Table 2. Two-factor multivariate regression analyses
FIM-motor at discharge LOS
Estimate SE Jf-value p-value  Estimate SE Jf-value p-value
Age —0.956 0.161 35.240 <0.001 —-0.112 0.467 0.057 0.813
Volume of hemorrhage —0.416 0.096 18.670 <0.001 1.209 0.279 18.754 <0.001
Intercept 143.478 11.355 - <0.001 105.317 35.934 - 0.002
Adjusted 72 0.456 - - <0.001 0.264 - - <0.001

FIM-motor: motor component of the Functional Independence Measure; LOS: length of hospital stay; SE: standard error.

Table 3. Four-factor multivariate regression analyses
FIM-motor at discharge LOS

Estimate SE f-value p-value  Estimate SE [f-value p-value
Age —0.596 0.124 22.979 <0.001 —0.895 0.431 4318 0.043
Volume of hemorrhage —-0.026 0.089 0.092 0.763 0.392 0.306 1.640 0.207
FIM-motor at admission 0.418 0.066 39.917 <0.001 -1.023 0.229 19.985 <0.001
Day from onset —-0.580 0.185 9.816 0.003 0.778 0.641 1.478 0.230
Intercept 99.512 11.223 - <0.001 218.028 38.877 - <0.001
Adjusted 2 0.728 - - <0.001 0.476 - - <0.001

FIM-motor: motor component of the Functional Independence Measure; LOS: length of hospital stay; SE: standard error.

Table 4. Correlations between explanatory variables

Age Volume of hemorrhage FIM-motor at admission
Age - - -
Volume of hemorrhage assessed by CT —0.276 (p=0.046) - -
FIM-motor at admission —0.154 (p=0.277) —0.474 (p<0.001) -
Day from onset 0.098 (p=0.490) 0.273 (p=0.050) —0.276 (p=0.048)

FIM-motor: motor component of the Functional Independence Measure; LOS: length of hospital stay; SE: standard error.
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volume was significantly correlated with FIM-motor at admission, days from onset, and age, indicating that there were
multiple collinearities between these factors.

DISCUSSION

To evaluate the utility of CT during acute care for outcome prediction in stroke patients, we examined the association
between long-term outcome and hemorrhage volume assessed by CT in combination with established predictive factors in-
cluding age and clinical severity assessed by FIM-motor. Data for age and hemorrhage volume were collected at stroke onset.
Analysis using these two factors revealed that hemorrhage volume significantly contributed to final outcome assessed by
FIM-motor and LOS. However, hemorrhage volume was not significant when days from onset and FIM-motor at admission
into a long-term rehabilitative facility were added into the analysis. Finally, correlation analyses revealed that hemorrhage
volumes were significantly correlated with days from onset and FIM-motor at admission, suggesting that multiple collineari-
ties diminished the predictive power of hemorrhage volume when the patients were transferred to long-term rehabilitative
settings.

CT is a conventional imaging technique used worldwide for diagnosis of stroke. It is less expensive and more convenient
than modern biomarkers such as magnetic resonance imaging or TMS. However, previous studies suggest that CT can
only be applied for prediction of mortality but not functional outcome!3-19). Nevertheless, although we limited inclusion
to patients with putaminal hemorrhage, our data indicate that CT obtained at stroke onset may provide predictive value for
functional outcome.

Parameter estimates from multivariate regression analysis for functional outcome (four-factor models; Table 3) indicated
that CT data did not contribute to outcome prediction when patients were transferred to long-term rehabilitative settings.
However, the hemorrhage volume assessed by CT correlated with clinical severity assessed by FIM-motor at admission
and days from onset (Table 4); this is expected given the relationship between pathology and clinical manifestation of the
disease. Thus, these correlations undermine the relative importance of hemorrhage volume assessed by CT when patients
were transferred to a convalescent rehabilitation ward.

Our findings suggest that CT data may be useful for outcome prediction for a certain type of stroke. In our preliminary
stages of data collection and analyses, we included a broader range of hemorrhagic strokes including thalamic hemorrhage.
However, although the severity of clinical symptoms were similar between thalamic cases and putaminal cases, the hemor-
rhage volumes tended to be smaller for the thalamic cases??. Thus, we limited our study to patients with putaminal hemor-
rhage.

CT is a diagnostic tool used mainly in acute care hospitals where early and accurate prediction of stroke patients is
required. Although the relative contribution was lower than for the four-factor models (Table 3), the two-factor models
comprising age and CT data (Table 2) may be useful for predicting long-term outcome. Further, because clinical severity
during acute care is another important outcome determinant, the addition of the severity of stroke symptoms in the acute stage
may improve outcome prediction. Indeed, for ischemic stroke cases, we reported that scores of National Institute of Health
Stroke Scale during the acute phase can predict the relative independence of FIM-motor items?*. This study was conducted
in a convalescent rehabilitation ward. However, we could not collect systematic data on clinical severity scores during the
acute phase. Further studies are needed to clarify this issue.

This study has several limitations. First, the outcome measurements were limited as we only sampled FIM-motor score and
LOS data. Patients with stroke exhibit a variety of symptoms including dysphagia, hemiparesis, and higher brain dysfunction.
Thus, we may have overlooked some important parameters related to functional outcomes. Second, we omitted the analysis
for confirmation of the model derived from multiple regression analysis?®). Using our strict inclusion criteria over a 37-month
study period, only 52 samples were entered into the final analytical database. The aim of this study was to assess the potential
utility of conventional CT data for outcome prediction. Because of the small number of participants, we only focused on
model development. Future studies are required to assess the applicability of the derived model using a larger number of
patients. Third, we limited our inclusion criteria to patients who were functionally independent before stroke, which may
have contributed to the relatively good recovery in our cohort?®. Thus, care should be taken when applying our findings to
the more generalized population. Nevertheless, our data suggest the potential utility of conventional CT in combination with
established parameters such as age for outcome prediction in stroke patients. Thus, conventional CT can be used for outcome
prediction for some types of strokes.
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