ISSN 2079-8334. Ceim meoununu ma 6ionoczii. 2021. Ne 4 (78)

DOI 10.26724/2079-8334-2021-4-78-172-176
UDC 616.831-005.1-036.6-08-037:616-083

AN 7 MY Caaohaveva O Bashnerenko VR oy YV Sok

7 5% o w5 % z o [ %3
paamolels atwonal Miedie sl X myersity /KD

G ?) O

N

,

>

1%

o

7%

PREDICTORS OF INDEPENDENT WALKING RECOVERY AFTER STROKE IN PATIENTS
ADMITTED TO AN INTEGRATED STROKE UNIT

e—mail: y.flomin@oberig.ua

Walking unassisted is a key goal of post-stroke rehabilitation. The study aimed to determine the predictors of
independent walking at the time of hospital discharge. Uni- and multivariate regression models were built on the basis of
demographic, clinical, and laboratory data of 442 study participants (median age was 65.8 years, 43 % were women, 84 % — with
cerebral infarction). In a univariate analysis, the subtype of stroke, age and sex of the patient, atrial fibrillation, stroke severity,
disability, motor, and cognitive impairment, and elevated levels of inflammatory markers during hospitalization were significantly
associated with the dependence while walking. Multivariate analysis revealed only four independent predictors: patient's age, the
severity of initial neurological deficits, initial assessment of gait function, and very late onset of rehabilitation. If the reliability of
the prognostic model is confirmed, its use can contribute to realistic treatment goals and optimal preparation for hospital discharge.

Key words: cerebral stroke, post-stroke rehabilitation, walking, stroke unit, prediction of treatment outcomes, prognostic
models.
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MPOBICHUKHY BITHOBJEHHA HE3AJEXHOI XOJIbEH ITICJIA THCYJIBTY
Y HALIE€HTIB, AKI HIEPEBYBAJIU HA JIIKYBAHHI B IHTEI'POBAHOMY
ITHCYJIIBTHOMY BJIOII

Xonnba 6e3 CTOPOHHBOI JOIOMOTH € KIIOYOBOIO LU0 pealimiTtamii micis iHCynsTy. MeTolo HocimikeHHS Oyiio
BU3HAYNTH NPEIUKTOPH He3aJIeXKHOT X001 Ha MOMEHT BUMcKH. Ha ocHOBI iemMorpadivanx, KIIHIYHAX Ta Ja00paTOPHUX JAHUX
442 yyacHUKIB JOCHIIpKeHHS (cepenHiil Bik 65,8 poky, 43 % xiHOK, 84 % 3 iHpapkTOM MO3KY) Oynu moOynoBaHI OIHO- Ta
6araTodaxropHi perpeciiini moaemi. [Ipu onHopakTOpHOMY aHAIi3i 3HAYYIIHIA 3B’ 30K 13 3aJICKHICTIO IIPH X0AB0I MaK HiaTHI
IHCYNbTYy, BIK Ta CTaTh malieHTta, (QiOpWiIALis mepeacepib, TSHKKICTh IHCYIbTY, (YHKIIOHAIBHUX OOMEXKEHb, PYXOBHX i
KOTHITHBHUX MOPYLICHb Ta MiABUIICHII piBeHb MapKepiB 3anajeHHs py rocmiTtaitizawii. baratodakropHuii aHas i3 BUSBUB JUILE
YOTHPH HE3aJeKHUX MPOBICHUKA: BIiK MAaI[i€HTa, TSKKICTh MMOYaTKOBOTO HEBPOJIOriYHOro AeiluTy, MOYaTKOBA OLiHKa (QyHKIIT
XOJU Ta Iy’Ke Mi3Hil mouaTok peadimitanii. SIKIIo BanigHICT HPOTHOCTHYHOI MozieNi Oye miATBeppKeHa, 1l BUKOPHCTaHHS MOXKe
CIIPHATH PEaliCTHIHUM I[iISM JIIKYBaHHS Ta ONTHMAJIBHIHN MIATOTOBII IO BHITHCKH.

KnrodoBi cioBa: MO3KOBHIT IHCYNBT, HMOCTIHCYNIbTHa peaOumiTalis, Xxomp0a, IHCYIbTHHH OJIOK, HMPOTHO3YBAaHHSI
pe3yJIbTaTIB JIiKyBaHHS, IPOTHOCTHYIHI MOJIEIII.

The study is a fragment of the research project “Determining the features of the course and consequences of stroke in
patients of various ages, taking into account genetic and infectious factors and comorbidity”, state registration No. 0118U003695.

Stroke is the second leading cause of death and the leading cause of permanent disability among
adults worldwide [7]. Up to 35 % of patients with acute cerebral stroke die within a month of the onset of
the disease, and up to 75 % of survivors have some restrictions on everyday life, and about a third become
dependent on outside help [13]. High-quality medical care can reduce the severity of stroke consequences,
but the optimal model for organizing stroke care in a hospital has not yet been determined [12]. Staying in
an integrated stroke unit (ISU), where treatment is combined with comprehensive secondary prevention,
skilled nursing care and persistent interdisciplinary rehabilitation, is associated with reduced mortality and
disability in stroke [3]. These conclusions were based on research data, mostly conducted in developed
countries. Little is known about the results of inpatient stroke treatment using different models of stroke
care in developing countries, and in Ukraine in particular.

Most stroke survivors experience a gradual recovery of impaired functions [2]. Recovery from a
stroke is a complex biological process, the pace and trajectory of which is influenced by many factors [6].
The ability to move independently plays an important role in returning to a normal lifestyle, patient well-
being, and performing social roles, so it is traditionally considered one of the key goals of post-stroke
rehabilitation [5]. The ability to walk unassisted is the goal of treatment, which is most often mentioned
by patients, and the most common reason for referring a patient to a rehabilitation facility [4]. After
rehabilitation in the hospital, 60-80 % of patients can walk independently, but in 10-20 % of patients gait
function is not restored enough, and they need outside help when walking [15]. Safe walking, especially
outdoors, requires not only good motor skills and endurance, but also appropriate cognitive abilities that
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allow you to adapt to changing environmental conditions, various visual and auditory stimuli, the
appearance of obstacles, the movement of other objects, and other factors [10].

The Functional Ambulation Classification (FAC), which distinguishes 6 levels of walking, is
widely used to assess gait function in stroke patients. They are rated from 1 point (unable to walk) to 6
points (walks independently on flat and uneven surfaces) [14]. FAC has excellent reliability, as well as
a good level of sensitivity, specificity, and prognostic value in stroke patients [8]. Predicting the
possibility of resuming independent walking is important for determining realistic and achievable
treatment goals, as well as for appropriate preparation for patient's discharge (adaptation of the
apartment, purchase of aids, organization of care, etc.). Given the limited length of patients' stay in
rehabilitation institutions, it is useful to identify factors that predict the resumption of independent
walking and the degree of patient's mobility [1].

The purpose of the study was to determine independent predictors of recovery of independent
walking before discharge from hospital in stroke patients who were hospitalized in an integrated stroke unit.

Material and Methods. 1. Sampling of the study. The study was performed in the Stroke Center
(SC) — a Department of a General Hospital (Medical Center Universal Clinic “Oberig”). The study enrolled
stroke patients who were consecutively admitted to the SC during 2010-2018.

The study included 442 patients with cerebral stroke who had assessments of walking function on
the FAC scale before and after treatment. The age of patients ranged from 28 to 96 years (median age —
65.8 years, interquartile range — 57.5-75.1 years). There were 188 female patients (42.5 %). Intracerebral
hemorrhage was diagnosed in 69 (15.7 %) patients, and 373 (84.3 %) patients had a brain infarction.

2. A set of analyzed indicators. The defined data set of each patient was entered into a special
database. Age and gender of the patient, type and subtype of stroke, localization of brain infarction,
premorbid evaluation according to the modified Rankin scale (mRS), vascular risk factors (atrial
fibrillation, diabetes mellitus, dyslipidemia, hypertension, a history of stroke, smoking, alcohol abuse,
obesity), scores on scales at hospitalization (National Institutes of Health Stroke Scale — NIHSS, Barthel
Index — BI, FAC, mRS, Rivermead Mobility Index — RMI, Mini-Mental State Examination — MMSE,
Montreal Cognitive Assessment — MOCA), as well as assessment of the strength of the right arm, right leg,
left arm and left leg in the corresponding NIHSS sections), impaired consciousness, laboratory indicators
at admission (white blood cells count, erythrocyte sedimentation rate, creatinine, C—reactive protein,
glycosylated hemoglobin, total cholesterol, low and high-density lipoprotein cholesterol in the blood).
Patients who did not have data on the assessment of gait function were excluded from the study. The FAC
score was considered as a result of the analysis before discharge: if it was 5—6 points, the effect of treatment
for the patient was considered achieved; if 14 points, it was not achieved.

3. Statistical analysis. The method of constructing and analyzing logistic regression models was
used to quantify the degree of influence of factor traits on the risk of incomplete recovery of gait function
in patients after stroke according to FAC. The prognostic quality of the models was assessed by indicators
of sensitivity (share of correctly predicted “cases”) and specificity (share of correctly predicted “non-
cases”). The corresponding 95 % confidence interval (95 % CI) was calculated for these values. The
adequacy of the models was assessed by the method of construction and analysis of ROC (Receiver
Operating Characteristic curve) while calculating the area under the ROC curve (AUC — Area under the
ROC curve) and its 95 % CI. The model is considered adequate with a statistically significant difference
between the AUC value and the 0.5 value. The influence of factor characteristics was assessed by the value

of the odds ratio (OR), for which 95 % CI was calculated. The ¢ = =0.05 critical significance level was
accepted for all tests. Statistical analysis of data and processing of research results were performed using
the package MedCalc v. 19.1 (MedCalc Software Inc, Broekstraat, Belgium, 1993-2019).

Results of the study and their discussion. The overall NIHSS score at admission ranged from O
to 36 points (median — 10 points, interquartile range — 5-16 points). The time from stroke onset to
admission to the SC was from 0 to 24 hours in 92 (20.8 %) patients, in 100 (22.6 %) — from 25 hours to 7
days, in 36 (8.2 %) — from the 8th to the 14th day, in 61 (13.8 %) — from the 15th to the 30th day, in 37
(8.5 %) — from the 31st to the 60th day, in 44 (9.9 %) — from the 61st to the 180th day and in 72 (16.2 %)
— later than 180 days.

Univariate analysis. At the first stage of the analysis, logistic regression models were performed
to predict the risk of not achieving the desired treatment effect (1-4 points on the FAC scale before
discharge from SC) for each of the 35 factor's features. The desired treatment effect was not achieved in
197 (44.6 %) patients.

According to the results of single-factor analysis, a statistically significant association (p <0.05)
with the risk of not resuming independent walking at the time of discharge from the SC had 20 factor's
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features. In particular, the risk of failure to achieve the desired effect of treatment was significantly higher
in atherosclerotic (OR 3.4; 95 % CI 1.2-9.5, p=0.02) and cardioembolic (OR 5.1; 95 % CI 1.8-14.2,
p=0.002) subtypes of ischemic stroke and in intracerebral hemorrhage (OR 7.2; 95 % CI 2.4-21.3,
p<0.001) compared to lacunar subtype of ischemic stroke. The probability of maintaining dependence on
outside help when walking after treatment in SC significantly increased with age (by OR 1.05 95 % CI
1.03-1.07, on average, for each additional year, p<0.001). The probability of non—renewal of independent
walking was higher in female patients of SC (OR 1.6 95 % CI 1.1-2.4, p=0.01) compared with males. The
time from the onset of the disease to the hospitalization in the SC did not have a significant effect on the
risk of not achieving the desired effect of treatment. Among vascular risk factors, only atrial fibrillation
(OR 1.8; 95 % CI 1.2-2.7, p=0.005) significantly increased the probability of failure to achieve the desired
functional treatment outcome, while a history of stroke, hypertension, diabetes mellitus, dyslipidemia,
smoking, alcohol abuse, and obesity did not have a statistically significant effect. A significant association
with the probability of maintaining gait dependence on outside help was found in the mRS score before
the stroke (OR 1.30; 95 % CI 1.04-1.61, on average, for each additional mRS point, p=0.02) and especially
scores on the primary scales after the admission to SC: mRS (OR 5.1; 95 % CI 3.7-7.0, on average, for
each additional mRS point, p<0.001), BI (OR 0.95; 95 % CI 0.94-0.96, on average, with a decrease in the
total score for each point, p<0.001), NIHSS (OR 1.26; 95 % CI 1.20-1.31, on average, with an increase in
the total score for each point, p<0.001), RMI (OR 0.65; 95 % CI 0.60-0.70 with a decrease in the total
score for each point, p<0.001), 0.65 (0.60-0.70), MMSE (OR 0.91; 95 % CI 0.89-0.93, on average, with
a decrease in the total score for each point, p<0.001) and MOCA (OR 0.91; 95 % CI 0.89-0.93, on average,
with a decrease in the total score for each point, p<0.001). The presence of impaired consciousness in the
patient during hospitalisation to the SC had a very significant negative impact on the probability of
restoring independent walking at the time of discharge (OR 6.5; 95 % CI 3.6-11.7 p<0.001). The risk of
remaining in need of assistance during walking after treatment in the SC increased significantly with more
severe weakness (higher score) of the muscles of the limbs in the relevant sections of the NIHSS scale (OR
from 1.7 to 2.4, on average, for each additional score in the corresponding section of the scale, p<0.001
for each of the four limbs). Of the laboratory parameters, only inflammatory markers had a significant
direct connection with the lack of the desired effect of treatment: ESR (OR 1.02; 95 % CI 1.01-1.03, on
average, for each additional 1 mm/hr, p<0.001), C-reactive protein level (OR 1.03; 95 % CI 1.02-1.05, on
average, for every 1 mg/L, p<0.001) and, to a lesser extent, the white blood cells count (OR 1.07; 95 % CI
1.00-1.13, p=0.04). However, neither creatinine nor glycosylated haemoglobin, nor lipid profile was
significantly affected.

Multivariate analysis and model building. Because of step-by-step selection, four factors were
identified that have a statistically significant independent relationship with the preservation of the need for
outside help when walking before discharge: initial FAC and NIHSS scores, age and time from the disease
onset to hospitalisation to the SC (table 1).

Table 1
Characteristics of a 4-factor prognostic model to assess the risk of not achieving
the desired treatment effect (FAC=1—4 points)

- Significance level p
Factorial attribute Model coefficient difference of the model OR (95 % CI)
value, b+m ..
coefficient from O

Age 0.064+0.015 <0.001 1.07 (1.03-1.10)

Within 24 hours Reference

1-7 days -0.55+0.51 0.29 -
Time from 8-14 days ~0.800.64 021 -
estimated stroke 15-30 days 0464054 039 B
onset to SC
admission 31-60 days —0.150.60 0.81 _

61-180 days —0.06+0.63 0.92 -

>180 days 1.75+0.56 0.002 5,7 (1,9-17,1)
NIHSS score* 0.14+0.03 <0.001 1.15 (1.08-1.22)
FAC score* -0.92+0.13 <0.001 0.40 (0.31-0.52)

Notes. * — baseline (upon admission). OR — odds ratio. CI — confidence interval. SC — Stroke Center. FAC — Functional
Ambulation Classification. NIHSS — National Institutes of Health Stroke Scale.

According to multivariate analysis, independent predictors of the need for assistance with
walking at the time of discharge from the SC were only 4 factors that were significantly related to the
failure to achieve the desired treatment outcome. In particular, the risk of failure to achieve the desired
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result of treatment for independent walking increased with the age of the patient (OR 1.07; 95 % CI
1.03-1.10, on average, for each additional year, p<0.001). Initial NIHSS scores (OR 1.15; 95 % CI 1.08-
1.22, on average, with an increase in the overall score per each point, p<0.001) and FAC scores (OR
0.40; 95 % CI 0.31-0.52, on average, with a decrease in the score per each point, p<0.001) had a
statistically significant and independent effect on the risk of not achieving the desired treatment effect.
The probability of independence in walking was significantly reduced in those cases when the patient
was hospitalized to the SC later than 180 days from the onset of the disease (OR 5.7; 95 % CI 1.9-17.1,
p=0.002).

The logistic regression model based on the selected set of features turned out to be adequate (chi-
square=267.1 at 9 degrees of freedom, p<0.001). Fig. 1 shows the curve of operational characteristics of
the constructed model.

The area under the curve of operational
characteristics AUC=0.93 (95 % CI 0.90-
0.95), which is evidence of the excellent
consistency of the prediction model, and the
strong association of this set of factors with the
risk of lack of independent walking after
treatment in the SC in the FAC assessment.

Therefore, this study collected and
analysed data from a cohort of stroke patients
of various types and severity hospitalised in
SC at different stages of the disease (from the
most acute to long-term) and received
treatment that included sufficient
interdisciplinary rehabilitation. This allowed
P us to identify fa}ctors associated vyith the lack
P < 1.0E-14 of recovery of independent walking after the
o S " ! W treatment.

“ o - o . e The results of the univariate analysis
. i . . showed a significant association of the risk of
Flg. 1. ROthurve of a ‘4-fact0rs logistic model for predlctlng the risk of failure to achieve the desired effect of
failure to achieve the desired treatment effect on the FAC scale (independent
ambulation). treatment with a large group of factor signs:
stroke subtype, age and gender of the patient, the presence of atrial fibrillation, the overall severity of
neurological deficits, motor and cognitive disorders and general functional failure, as well as an
increased level of inflammatory markers in the blood during hospitalisation. Multivariate analysis
identified only four independent predictors of the need for walking assistance. On the one hand, as in
the case of univariate analysis, the patient's age and the initial severity of neurological deficits caused
by stroke retained their prognostic value (overall NIHSS score). On the other hand, multivariate analysis
revealed a negative effect of the initial assessment of walking function on the FAC scale and the very
late start of rehabilitation measures, when more than 180 days passed from the onset of the disease to
the SC admission.

The authors of several other studies also found an association between gait function in patients
after stroke and the patient's age, the severity of initial neurological deficits (in particular, depression of
consciousness and the degree of sensory-based motor disorders of the affected limbs), and life limitations
[11, 15]. Kwakkel et al. [9] emphasised the importance of a short period from the disease onset to the
examination of rehabilitation specialists and the beginning of rehabilitation activities. There are also
reports of prognostic significance of homonymous hemianopsia, urinary incontinence, torso control, sitting
balance and other factors [15]. Unfortunately, the results of these studies and our study are difficult to
compare due to differences in patient characteristics, treatment duration, rehabilitation interventions, and
methods for assessing mobility outcomes.

Future studies should focus on creating a predictive model to assess the probability of recovery of
independent walking at the time of discharge from the hospital based on the initial characteristics of the
patient and testing its validity in different health facilities and under different treatment conditions.
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By analysing the data of a relatively large sample of patients who were hospitalised and received
a sufficient amount of interdisciplinary rehabilitation during their stay, four predictors were identified
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that had an independent statistically significant relationship (p<0.001) with the absence of independent
walking at the time of discharge from the SC. The risk of dependence on outside help when walking
directly depended on the patient's age (OR 1.07; 95 % CI 1.03-1.10, on average, for each additional year,
p<0.001), the initial severity of the stroke, which was indicated by the NIHSS score (OR 1.15; 95 % CI
1.08-1.22, on average, with an increase in the overall score for every 1 point, p<0.001). The risk of
remaining dependent on third-party walking assistance was inversely related to the severity of gait
impairment after hospitalisation in the ISU according to the FAC (OR 0.40; 95 % CI 0.31-0.52, on
average, with a decrease in the score for every 1 point, p<0.001), and in cases where the patient was
hospitalised in the SC later than 180 days from the onset of the disease (OR 5.7; 95 % CI 1.9-17.1,
p=0.002). Suppose the predictive value of these predictors is confirmed in other independent studies. In
that case, it may help set realistic goals and make optimal decisions about the duration of treatment and
preparation of the patient for discharge.
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