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TIME COURSE AND PREDICTORS OF RECOVERY FROM
LATEROPULSION AFTER HEMISPHERIC STROKE
(PROSPECTIVE STUDY)

Introduction. In recent years, considerable attention has been
paid to the abnormality of body verticality perception in stroke
patients. Most often, misperception of body verticality is manifested
in the form of lateropulsion and repulsion syndrome.

Objective: to study the timing of recovery from lateropulsion
(pusher syndrome) and to determine the predictors of lateropulsion
resolution in patients with hemispheric strokes.

Material and methods. We included in the study patients with
hemispheric strokes occurring within the last month. 61 patients were
diagnosed with lateropulsion and 9 patients with pusher syndrome,
according to the Scale for Contraversive Pushing. After initial
examination, patients were subsequently invited for a weekly
examination until the body's verticality was normalized.

Results. Recovery time from pusher syndrome was significantly
longer — 9.0 (95% confidence interval: 7.1-10.4) weeks compared to
recovery time from lateropulsion — 5.9 (95% confidence interval:
5.5-6.3) weeks. Among all the studied factors, only spatial
hemineglect was a significant independent predictor of a much
longer resolution time of lateropulsion (hazard ratio 2.36; 95%
confidence interval: 1.20-4.27). The mean duration of lateropulsion
in patients with spatial hemineglect was 6.3 (95% confidence
interval: 5.8-6.8) weeks, whereas in patients without spatial
hemineglect, it was 4.8 (95% confidence interval: 4.3-5.4) weeks. In
a subgroup of patients without spatial hemineglect, higher Fazekas
scale values were a significant independent predictor of longer
resolution time of lateropulsion (hazard ratio 2.38; confidence
interval 95%: 1.25-4.48).

Conclusions. After hemispheric strokes recovery time from
pusher syndrome is much longer than recovery from lateropulsion.
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YACOBI XAPAKTEPUCTHKH TA MPEJUKTOPH
PO3PILIEHHSI ®EHOMEHY JIATEPOIYJILCH MICJISI
TEMIC®EPAJIBHUX IHCYJbTIB (IIPOCIEKTUBHE
JIOCJLIKEHHST)

Beryn. OcranHiMu pokaMu 3Ha4Ha yBara 3 OOKy HayKOBIIB Ta

KIIHIOUCTIB ~ TPUAUIAETBCS ~ HOCTIHCYJBTHHM  TOPYIICHHSIM

CIPUIHATTSA BEPTHKAIBHOCTI Tima. B mepeBaxkHiii OuIbIIOCTI
BUMNAJKIB  MOPYIICHHS  COPUAHATTS  BEPTUKAIBHOCTI  Tijia
NPOSIBISIFOTBCS. Yy BUDJIAAI  JIATEPOMYJNbCIl  Ta  CHHAPOMY
BiJILITOBXYBAHHS.

MeTta: BHBYMTH TEpMIiHH BIIHOBICHHA  IIiCIIA
(cuHOpOMY BIOIITOBXYBaHHS) Ta

MIPEAUKTOPH PO3PILIEHHS IATEPOIYJIbCIl y MAI[IEHTIB 3 MIBKYJIbHUMH

HOSIBH
JaTePOITyJIbCii BU3HAYHTH
IHCYJIbTaMH.

Marepian i MmeToan. Y nociimkeHHs Oy BKIIOUEHI MAL[iEHTH
3 MiBKYJBHUMH IHCYJIbTAMH, L0 BUHHUKJIH MPOTATOM OCTAHHBOTO
Micsrs. Y 61 manienta 0yJio 1iarHOCTOBAHO JIATEPOIYJIbCii0 Ta y 9
Mali€HTiB — CHHAPOM BIAIMTOBXYBaHHs, 3rimHo 31 Scale for
Contraversive Pushing. ITicis nepBHHHOTO 0OCTE)XEHHS MAILIEHTIB
3alIpOIIyBAIM Ha HIOTHXKHEBI OMNIANM J0 MOMEHTY HOpMaizauii
BEPTHKAIILHOTO MMOJIOKESHHS TiJa.

Pe3ynbTaTi. Yac BiZTHOBIICHHS BiJl CHHAPOMY BilIITOBXYBaHHS
OyB moctoBipHO goBIUM — 9,0 (95% noBipuwii inrepsan: 7,1-10,4)
TH)KHIB TTOPIBHIHO 3 YaCOM BIJJHOBJICHHS Bij jatepomnyJbcarii — 5,9
(95% noBipunii iHTepBan: 5,5-6,3) TwxkuiB. Cepen ycix dakTopis,
II0 HAMH JIOCIIJPKYBAJIMCS, JIMIIE NPOCTOPOBHUiI TeMiHeryieKT OyB
JOCTOBIDHMM  HE3QJI)KHUM MPEIUKTOPOM TPHBAIILIOr0 4Yacy
po3pillieHHsT Jlatepornyibeii  (BimHOIIEHHs pu3ukiB 2,36; 95%
noBipunii intepBai: 1,20—4,27). CepenHs TpUBaIiCTh JIATEPOITYIIbCil
y TAILi€HTIB 3 IIPOCTOPOBUM TeMiHeraIekToM craHoBmia 6,3 (95%
JoBipunii iHTepBam: 5,8—0,8) TIKHA, TONI SK y MAIlieHTIB 0e3
IIPOCTOPOBOTO TeMiHerJIeKTa BoHa craHoBwiIa 4,8 (95% noBipunii
inrepBai: 4,3-5,4) TwxHs. Y NiArpyImi namieHTiB 6e3 mpocTopoBOro
TEMIHETJIEKTy BUII TMOKAa3HUKH [epeOpabHOTO JIeKoapeo3y 3a
mkanoro Fazekas Oynmu JOCTOBIpHMM HE3aJeKHHUM HPEAUKTOPOM
TPUBAJIIIOTO Yacy pPO3PIIIEHHS JATepOIyJIbCii
pusukis 2,38; noBipuwmii inTepsan 95%: 1,25-4,48).

(BimHOMIECHHA

BucHoBku. VY mamieHTiB 3 NIBKYJbHHMH 1HCYJbTaAMH dYac
BiJTHOBJICHHS BiJI CHHPOMY BiJIIITOBXYBaHHS € 3HAYHO JIOBIINH, HIXK
4yac BiJHOBJCHHS BiJ Jartepomyibcii. Yac BIiJHOBIICHHS MiCHs
JIaTepoIybcalii 3aJeXUTh BiJl BHPAXKEHOCTI HPOCTOPOBOTO
TeMIHETJIEKTY Ta CTYIIeHS LIepeOpabHOTO JIEHKOapeosy.
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ABBREVIATIONS

Cl — confidence interval

HR — hazard ratio

NIHSS — National Institute of Health Stroke Scale
PS — pusher syndrome

SCP — Scale for Contraversive Pushing

SHN — spatial hemineglect

INTRODUCTION / BCTYII

The destruction of healthcare facilities and
disrupted delivery of healthcare as a result of
military operations in Ukraine require optimization
of rehabilitation approaches for various diseases [1,
2,3].

In recent years, among the various poststroke
disorders of postural balance, considerable attention
has been paid to the abnormality of body verticality
perception. The latter is clinically manifested by
deviation of the body axis in the frontal plane and
possibly other symptoms. Lateral body tilt after
hemispheric strokes occurs because of impaired
graviception mechanisms due to a shift in the
internal model of verticality in the opposite direction
from the affected brain hemisphere [4, 5].

Today, the deficit of the active body orientation
concerning gravity in the frontal plan is considered a
continuum of postural disorders. It could be
presented from mild forms — lateropulsion (isolated
lateral tilt of the body axis) to severe forms — pusher
syndrome (PS). PS, besides contralesional lateral
body tilt, also includes active pushing of the
unaffected arm or leg to the contralesional side and
resistance to passive correction of posture [4, 6, 7].

Lateropulsion has a negative influence on
balance and walkability after stroke and is associated
with poor poststroke recovery and a longer
rehabilitation duration [7, 8, 9].

It is known that chronic post-stroke disorders
have certain peculiarities of the course over time,
which requires prospective studies [10, 11].
However, to date, there are almost no prospective
studies devoted to the temporal characteristics of
recovery from lateropulsion after stroke. Also, the
factors that may influence the resolution of
lateropulsion are not well understood. At the same
time, knowledge of the peculiarities of the course of

lateropulsion, as well as the factors associated with
prolonged periods of lateropulsion resolution, may
be useful in choosing the right tactics for managing
these patients.

Objective: to study the timing of recovery from
lateropulsion (PS) and to determine the predictors of
lateropulsion resolution in patients with hemispheric
strokes.

Material and methods.

This study was approved by the Ethics
Committee of Poltava State Medical University, in
accordance with the Declaration of Helsinki
(protocol  Ne189/2020). The Declaration of
Helsinki's guidelines were followed in the conduct
of this study. Written informed consent was obtained
for all patients before their inclusion in the study.

Criteria for inclusion of patients in the study:

- hemispheric strokes occurring within the

last month;

- the presence of lateropulsion or PS at the

first examination;

- written patient consent.

Criteria for exclusion of patients from the study:

- visual, wvestibular, and proprioceptive
disorders that distort the verticality
perception;

- orthopedic and other  neurological
pathology that lead to passive or active
changes in the body axis;

- decompensated somatic pathology;

- psychiatric and narcological pathology;

- use of drugs that disturb postural balance
(anticonvulsants, sedatives, tranquilizers,
neuroleptics, tricyclic antidepressants);

- impaired writing function, which does not
allow for proper completion of the
questionnaires.
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For the diagnosis of lateropulsion and PS, we used
the Scale for Contraversive Pushing (SCP). The SCP
assesses 3 components during sitting and standing: the
tilt of the body axis in the frontal plane, active pushing
with healthy limbs in the opposite direction, and
active resistance during posture correction. The total
SCP score ranged from 0 to 6. Lateropulsion was
diagnosed in cases of isolated body tilt in a sitting or
standing position without pushing and resistance,
which equals values > 0.5 on the SCP. PS was
diagnosed with a total score of SCP > 3, provided that
the value of each of the 3 components of SCP > 1 [4].

Muscle strength was assessed on a 5-point scale.
Spatial hemineglect (SHN) was investigated using the
bell test (critical value — missed 6 or more bells on one
half). Upper limb apraxia was diagnosed using the test
of upper limb apraxia. Stroke severity was assessed
using the National Institute of Health Stroke Scale
(NIHSS).

Cognitive disorders were diagnosed using the
Montreal Cognitive Assessment Scale (cut-off score
< 26 points). Anxiety and depressive disorders were
determined by the Hospital Anxiety and Depression
Scale with anxiety and depression subscale scores
> 11. Fatigue was assessed using the Fatigue Severity
Scale (critical value > 4 points).

Cerebral infarcts, depending on their localization,
were divided into cortical-subcortical and subcortical
ones. The volumes of cerebral infarcts were calculated
on T-2 weighted magnetic resonance images and
computed tomography images using the irregular
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ellipse formula [12]. Quantitative characteristics of
leukoaraiosis were analyzed on magnetic resonance
images in fluid attenuated inversion recovery mode
using the visual Fazekas scale; the total Fazekas scale
value was calculated as the sum of periventricular and
subcortical  leukoaraiosis.  For  morphometric
assessment of internal and external brain atrophy, we
calculated the bifrontal index, bicaudate index,
maximum diameter of the third ventricle, and cortical
atrophy index [13].

After inclusion in the study, patients were
subsequently invited for a weekly examination until
the body's verticality was normalized.

The Kaplan—Meier method was used to assess the
time of resolution of lateropulsion and PS. The log-
rank test was used to compare time to recovery from
lateropulsion and PS. A stepwise multivariate Cox
regression with a 95 % confidence interval (Cl) was
used to determine predictors of time to recovery from
lateropulsion. For hazard ratio (HR) calculation, we
included all variables that had p < 0.1 in the univariate
Cox model into the multiple Cox model. A
significance level of 0.05 was used for all tests.

Results

A total of 70 patients were included in the study,
of whom 61 (87 %) were diagnosed with lateropulsion
and 9 (13 %) with PS.

During observation, 10 patients, for various
reasons (refusal of repeated examinations, death,
change of residence), stopped participating in the
study until the lateropulsion or PS was resolved.

I ] pe— PS:

| — |ateropulsion

0 2 4 6

Weeks

Figure 1 — Kaplan—Meier curve of time to the resolution of lateropulsion and PS

The mean recovery time from lateropulsion was
5.9 (95 % CI: 5.5-6.3) weeks, and the mean recovery
time from PS was 9.0 (95 % CI: 7.1-10.4) weeks.
Using the log-rank test, it was found that the time to
resolution of PS was significantly longer than the time
to resolution of lateropulsion (¥2=9.62, p=0.002).

The next step was to determine the factors
associated with the timing of recovery from
lateropulsion only because the limited number of PS
cases was not enough for adequate statistical
analysis.
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Table 1 — Univariate Cox proportional hazards regression analysis for predictors of duration of recovery from

lateropulsion

Variable HR (95 % CI) p
age (years) 1.00 (0.96-1.03) 0.90
male gender 0.96 (0.56-1.66) 0.88
degree of paresis (points) 1.16 (0.90-1.49) 0.25
SHN 2.48 (1.35-4.57) 0.004
upper limb apraxia 1.38 (0.71-2.69) 0.35
aphasias 1.44 (0.79-2.62) 0.23
NIHSS (points) 0.96 (0.88-1.04) 0.29
ischemic stroke 1.30 (0.40-4.22) 0.67
right-hemisphere stroke 1.82 (1.00-3.34) 0.05
primary stroke 0.95 (0.40-2.23) 0.91
cognitive impairments 1.04 (0.61-1.79) 0.89
anxiety disorders 1.12 (0.61-2.07) 0.72
depression disorders 0.94 (0.50-1.80) 0.86
fatigue 0.73 (0.38-1.40) 0.35
subcortical stroke 0.70 (0.38-1.29) 0.25
stroke volume (cm?®) 1.00 (1.00-1.00) 0.35
leukoaraiosis (points) 1.19 (0.93-1.52) 0.15
bifrontal index 1.04 (0.98-1.09) 0.19
bicaudate index 0.96 (0.89-1.04) 0.36
maximum diameter of the third ventricle (mm) 1.01 (0.99-1.02) 0.40
cortical atrophy index 0.92 (0.77-1.09) 0.31

As shown in Table 1, according to the univariate
Cox regression analysis, SHN was a significant
predictor of longer resolution time of lateropulsion.
In the multivariate Cox regression analysis, SHN
remained a significant independent predictor of
longer resolution time of lateropulsion (HR 2.36; CI
95 %: 1.20-4.27, p=0.01), whereas the right-
hemispheric strokes had an HR of 1.52 (Cl 95 %:
0.81-2.86, p=0.19).

The mean duration of lateropulsion in patients
with SHN was 6.3 (95% CI: 5.8-6.8) weeks,

Resolution

whereas in patients without SHN, it was 4.8 (95 %
Cl: 4.3-5.4) weeks. Using the log-rank test, we
found that the recovery time from lateropulsion in
patients with SHN was significantly longer than in
patients without SHN (¥2=13.0, p < 0.001).

Thus, it can be assumed that lateropulsion in the
presence (or absence) of SHN is a different
phenomenon in terms of resolution features. So, the
next step was to determine factors that can affect the
timing of lateropulsion in the presence (or absence)
of SHN.

‘] No
E—— 1 w— SHN
0.8
0f I
0 2 4 6 8 10

Weeks

Figure 2 — Kaplan Meier curve of time to resolution of lateropulsion depending on the presence (absence) of SHN
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Table 2 — Univariate Cox proportional hazards regression analysis for predictors of duration of recovery from
lateropulsion depending on the presence (or absence) of SHN

SHN present SHN absent
Variable
HR (95 % CI) p HR (95 % CI) p
age (years) 1.00 (0.96-1.04) 0.83 0.99 (0.92-1.07) 0.86
male gender 0.82 (0.43-1.58) 0.55 1.43(0.49-4.21) 0.51
degree of paresis (points) 1.21 (0.89-1.63) 0.22 1.18 (0.70-1.98) 0.53
upper limb apraxia 1.09 (0.42-2.81) 0.86 1.03 (0.36-2.91) 0.96
aphasias 1.65 (0.80-3.37) 0.17 1.08 (0.37-3.18) 0.89
NIHSS (points) 0.95 (0.86-1.05) 0.32 1.06 (0.87-1.29) 0.56
ischemic stroke 1.61 (0.38-6.81) 0.52 0.33 (0.04-2.79) 0.31
right-hemisphere stroke 1.09 (0.42-2.81) 0.86 2.72 (0.90-8.26) 0.08
primary stroke 0.94 (0.28-3.13) 0.92 0.52 (0.14-1.90) 0.32
cognitive impairments 0.96 (0.50-1.86) 0.91 0.56 (0.18-1.75) 0.33
anxiety disorders 0.96 (0.45-2.04) 0.91 1.72 (0.59-5.06) 0.32
depression disorders 0.67 (0.29-1.53) 0.34 2.56 (0.81-8.11) 0.11
fatigue 0.45 (0.19-1.10) 0.08 1.37 (0.48-3.89) 0.55
subcortical stroke 0.80 (0.37-1.73) 0.57 0.61 (0.22-1.72) 0.35
stroke volume (cmd) 1.00 (1.00-1.00) 0.35 1.00 (1.00-1.00) 0.61
leukoaraiosis (points) 0.86 (0.64-1.17) 0.35 2.77 (1.41-4.74) 0.01
bifrontal index 1.05 (0.99-1.12) 0.12 0.96 (0.86-1.09) 0.56
bicaudate index 0.99 (0.90-1.08) 0.79 0.98 (0.81-1.18) 0.80
igﬁ);ir\?:nrgi‘iilir?s:)c’f the 1.00 (0.99-1.02) 0.71 0.99 (0.95-1.02) 0.47
cortical atrophy index 0.96 (0.78-1.16) 0.65 0.85 (0.57-1.24) 0.39

As shown in Table 2, according to univariate Cox
regression analysis, in cases of SHN, none of the
factors had significant associations with the timing
of lateropulsion resolution. In patients without SHN,
higher Fazekas scale wvalues were significant
predictors of longer resolution time of lateropulsion.
In the multivariate Cox regression analysis, higher
Fazekas scale values in patients without SHN
remained a significant independent predictor of
longer resolution time of lateropulsion (HR 2.38; CI
95 %: 1.25-4.48, p=0.01), whereas right-hemispheric
stroke had an HR of 1.55 (CI 95 %: 0.42-5.74,
p=0.51).

For a detailed analysis of recovery from
lateropulsion in patients without SHN, we
dichotomized this cohort into two subgroups,
depending on the Fazekas scale values (< 3 points
and > 3 points).

The mean time to recovery from lateropulsion in
patients with a Fazekas scale score of < 3 was 4.0
(95 % CI: 3.3-4.7) weeks, whereas in patients with
a Fazekas scale score of > 3 the mean time to
recovery from lateropulsion was 4.8 (95 % CI: 4.3—
5.4) weeks. Using the log-rank test, it was found that
the time for resolution of lateropulsion in patients
with higher Fazekas scale values was significantly
longer than the time in patients with lower Fazekas
scale values (x*=7.5, p=0.01).

Discussion

We found that after hemispheric strokes, the
recovery time from PS is significantly longer than
the recovery time from lateropulsion. From the
literature data, the duration of lateropulsion varies
considerably in individual patients and is up to 20
weeks after the stroke [14]. To date, only one study
has shown that the duration of lateropulsion is much
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longer in patients with higher initial SCP scores [15]. SHN could impair perception of the subjective visual
Logically, more severe disorders of graviception vertical in the frontal plane [17], resulting in a
mechanisms require a more prolonged period for contralateral tilt of the body axis [18]. Probably,
their resolution. lateropulsion has significant differences in
We found that the presence of SHN is associated resolution patterns, depending on the presence (or
with a significantly longer time to normalize body absence) of SHN. An indirect evidence of the latter
verticality. There is evidence of a longer duration of statement may be a phenomenon that in the presence
lateropulsion in patients with SHN [15], although of SHN, none of the studied factors were associated
there is evidence of the absence of this pattern [16]. with prolonged recovery time from lateropulsion.

: I —~

0.8

0.6)

0.4

Resolution

0.2]

Weeks

Figure 3 — Kaplan Meier curve of time to resolution of lateropulsion in patients without SHN depending on
Fazekas scale values

In patients without SHN, the recovery time from poststroke complications, in particular, poststroke
lateropulsion is directly associated with leukoaraiosis fatigue [20].
severity, according to the Fazekas scale. It should be noted that we did not find any

According to Japanese researchers, the presence differences in the duration of lateropulsion depending
of cerebral lesions on neuroimaging (strokes, silent on the affected cerebral hemisphere. Although, some
cerebral infarctions, microhemorrhages, white matter studies have shown that in right-hemispheric strokes,
hyperintensity, dilated perivascular spaces) is the resolution of lateropulsion is significantly longer
associated with more prolonged recovery time from than in left-hemispheric strokes [6, 16]. The
lateropulsion (without taking into account SHN). The perception of verticality and control of body position
duration of lateropulsion in patients with relative to gravity is a highly lateralized right-
conditionally minor neuroimaging abnormalities was hemispheric function [5]. In addition, SHN occurs
62.0 (95 % ClI, 56.2—67.8) days, while in patients with significantly often in right hemispheric lesions [21].
significant  abnormalities, the duration  of Probably, the longer duration of lateropulsion in right-
lateropulsion was 94.0 (95 % CI, 77.0-111.1) days hemispheric strokes can be partially explained by the
[19]. Probably, more severe cerebral damages are frequent simultaneous presence of SHN.
associated with a slower poststroke recovery from From a practical point, our findings can help
lateropulsion. It is known that the degree of clinicians in predicting the recovery time from
leukoaraiosis determines the course of other chronic lateropulsion and in rational planning of rehabilitation

approaches.
CONCLUSIONS / BACHOBKH significantly ~ longer  recovery time  from

lateropulsion.

3. In patients without SHN, recovery time from
lateropulsion is directly associated with the severity
of cerebral leukoaraiosis due to the Fazekas scale.

1. After hemispheric strokes recovery time from
PS is significantly longer than recovery time from
lateropulsion.

2 The presence of SHN is associated with a

PROSPECTS FOR FUTURE RESEARCH / HEPCHHEKTUBHU MMOAAJBIINX JOCJILI)KEHb

Further research is needed to find out what factors influence the time characteristics of recovery from
lateropulsion and PS in patients after stroke.
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