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on functional outcomes [12,13]. Therefore, further studies are necessary 
to understand the impact of recurrent stroke on functional recovery and 
impairment, including postural abnormalities. Cerebral small vessel 
diseases (cSVD), such as silent brain infarctions (SBIs), white matter 
hyperintensity (WMH), microbleeds, and enlarged perivascular spaces 
(EPS) [14], should not be ignored. Most of cSVD are related to stroke 
onset and cognitive impairment [14]. Moreover, most cSVDs or the total 
burden of cSVD at the time of stroke onset were reportedly associated 
with poor functional outcomes or disability [15–19]. 

A large sample cohort study that investigated recovery from PB [6] 
excluded cases with multiple or bilateral lesions or other brain abnor
malities. In most studies about recovery from PB, the association with a 
prior stroke and coexisting brain lesions such as cSVD has not been re
ported [3,7,9]. Although cSVD or a history of stroke has been reported to 
influence stroke related outcomes, no data are available on whether 
these preexisting lesions influence the recovery time from PB. The 
purpose of this study was to reveal the association between preexisting 
brain lesions and the time to recover from PB, using survival analyses. 

2. Materials and methods 

2.1. Study design and statement of ethics 

This retrospective cohort study was conducted in accordance with 
the Declaration of Helsinki and approved by the Medical Ethics Com
mittee of Kakeyu Hospital (approval number: 2020011). Informed 
consent could not be obtained because of the retrospective study design. 

2.2. Patients 

This study included patients with stroke, admitted to the Kakeyu 
Misayama Rehabilitation Center Kakeyu Hospital from December 2013 
and December 2014. In all, 435 patients who underwent inpatient 
rehabilitation were screened. The patients underwent up to 3 h of 
standard physiotherapy, occupational therapy, and speech and language 
therapy per day to regain the ability to perform basic ADL. The inclusion 
criteria were as follows: 1) age over 20 years, 2) PB at the time of 
admission to the rehabilitation hospital, 3) independent living before 
the symptomatic stroke that induced PB, 4) no history of psychological 
diseases or dementia, and 5) available magnetic resonance imaging 
(MRI) data. 

2.3. The assessment of preexisting brain lesions 

The presence of cSVD is usually evaluated by MRI while the severity 
of cSVD is assessed by burden score, which combines the above
mentioned lesion presence. A high score represents increasing mani
festations of abnormal signs on brain MRI [20,21]. In this study, we 
incorporated a history of stroke in the ordinal score because it was 
considered one of the risk factors for stroke recurrence and severity of 
disability, as in cSVD [22]. Each sign of preexisting lesion was allocated 
1 point (minimum score, 0; maximum, 5) and lesion score was 
composed. We defined “severe lesion” as having a composed score equal 
to or greater than the median value, as per a previous study [21]. 

The information about the history of stroke and cSVD was confirmed 
from the medical history and radiological reports. MRI and/or computed 
tomography (CT) scan images taken at the time of onset and admission 
to the rehabilitation hospital were confirmed by a clinician to identify 
and avoid overlooking the presence of prior stroke and cSVD, which 
were not described in the reports. The confirmed MRI images included 
T1 weighted images, T2 weighted images, Fluid Attenuated Inversion 
Recovery (FLAIR) images, and T2* weighted images. 

The history of stroke was mainly confirmed by the medical history 
and radiological reports and checked using MRI and/or CT images. 
Stroke data, including type and location of the lesion, was allocated one 
point if the medical history and brain images matched. SBIs were 

assessed by comparing the T1 weighted, T2 weighted, and FLAIR images 
[23]. Regardless of the number of SBIs, if ≥ 1 lesion was confirmed, it 
was allocated one point. WMH was assessed using the Fazekas visual 
scale [24]. If periventricular hyperintensity of grade 3 and/or deep and 
subcortical WMH of a grade more than 2 was seen, it was allocated one 
point. T2* weighted images were used to assess the presence of micro
bleeds. Fake signals, such as flow voids in sulcal locations, bilateral 
calcifications in the basal ganglia and/or in the choroid plexus, the pi
neal gland, and partial volume artifacts from the bone, were excluded. 
One point was allocated if ≥ 1 microbleeds were seen. EPS, fluid filled 
spaces, linear, round, or ovoid lesions < 3 mm in diameter could be seen 
on T2 weighted images. They were evaluated using a category 3 ordinal 
scale [25], and moderate to extensive EPS in the basal ganglia was 
allocated one point [19,20]. 

2.4. Assessment of pusher behavior 

The Scale for Contraversive Pushing (SCP) [3] was used to assess the 
presence and severity of PB by a physiotherapist at a fixed daily 
schedule. SCP consists of 3 subscales, including postural sway, abduc
tion or extension of the unaffected limbs, and resistance to passive 
postural correction. This assessment was performed within the first 7 
days of admission and every week subsequently. We calculated the time 
to recover from PB based on the modified criteria of the SCP which mean 
the presence of PB was confirmed when all subcategory scored >0 [26]. 
Patients who did not recover from PB at the time of discharge from the 
rehabilitation hospital were considered “censored.” 

2.5. Assessment of stroke related impairments and activities of daily living 

The Stroke Impairment Assessment Set (SIAS) [27] was used to assess 
the severity of impairment at the time of admission to the rehabilitation 
hospital. SIAS consists of 22 subcategories, including motor and sensory 
functions, muscle tone, range of motion, pain, trunk function, speech 
ability, visuospatial function, and muscle strength of the unaffected 
limbs. The summed subcategories score ranges from 0 to 76 points, with 
a low score indicating severe impairment. We used the total score of all 
the subcategories for analysis. 

Occupational therapists evaluated the Functional Independence 
Measure (FIM) to assess the ADL. 

2.6. Statistical analyses 

Descriptive data of the patients’ characteristics were analyzed. The 
Kaplan Meier survival and multivariable Cox proportional hazards an
alyses, which can handle censored cases, were performed to determine 
the influence of preexisting brain lesions on the time to recovery from 
PB. We first divided the patients into two groups based on the median 
lesion score value. Then, two groups’ baseline characteristics at 
admission and discharge were compared using the t-test or Wilcoxon 
rank sum test and Fisher’s exact test. Second, a Kaplan Meier analysis 
was performed to describe survival curves. The survival distribution was 
then compared using the Log Rank test. Finally, because the hemiparesis 
side was identified as the factor influencing the incidence of PB and 
delayed recovery in many previous studies, a multivariable Cox pro
portional hazards analysis was performed using the hemiparesis side and 
the number of preexisting brain lesions as variables and the hazard ratio 
with 95% confidence interval was computed. 

All data analyses were computed using SPSS statistics ver. 25 (IBM 
Corp., Armonk, NY, USA). Differences were considered statistically 
significant at P values<0.05. 

3. Results 

A total of 21 (4.83%) out of the 435 patients screened exhibited PB. 
Two patients were excluded from this study because their MRI data were 
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missing. Finally, 19 patients were eligible for the analysis. The 
descriptive data are shown in Table 1. A patient did not recover from PB 
by the time of discharge from the rehabilitation hospital. The percent
ages of patients with a history of stroke, SBIs, WMH, microbleeds, and 
ESP were 21.1%, 47.4%, 47.4%, 31.6%, and 0.0%, respectively. The 
median value for lesion score was 2 (range: 0–3), therefore we divided 
patients into two groups: a group with scores < 2 and another with 
scores ≥ 2. The median survival time of the < 2 and ≥ 2 lesion groups 
were 62.0 days (95% confidence interval [CI]: 56.2, 67.8) and 94.0 days 
(95% CI: 77.0, 111.1), respectively. Individual data regarding the re
covery process from PB are presented in Table 2. No significant differ
ences were found in the baseline characteristics between the two groups 
at admission and discharge; however, the log-rank test indicated that the 
group with a lesion score ≥ 2 showed significantly delayed recovery 
from PB compared to those with a score < 2 (χ2 = 4.796, P = 0.029) 
(Fig. 1). The results of the multivariable Cox proportional hazards 
analysis are presented in Table 3. While the side of hemiparesis had no 
significant effect on the time to recover from PB, the hazard ratio for the 
score of preexisting brain lesions was 0.458 (95 % CI: 0.221, 0.949) and 

significantly impacted the recovery time from PB. 

4. Discussion 

The purpose of this study was to determine the association between 
preexisting brain lesions and recovery time from PB in post stroke pa
tients in a rehabilitation setting by using survival analyses. The results of 
this study showed that patients with a lesion score of 2 or more had 
significantly delayed recovery from PB. In the results of the multivari
able Cox proportional hazards analysis, the side of hemiparesis did not 
significantly affect the time to recover from PB, while the score for 
preexisting brain lesions significantly impacted recovery from PB. To the 
best of our knowledge, this is the first study to reveal the association of 
preexisting brain lesions with time to recover from PB. 

In this study, some of the preexisting brain lesions were up to 47.4%. 
While there are no reports explicitly detailing how many patients with 
PB have preexisting brain lesions, this proportion is similar to a previous 
study that investigated cSVD prevalence in patients with stroke [28]. A 
more important finding in this study was the number of preexisting 
brain lesions associated with a prolonged recovery period from PB in 
patients with stroke. Although there have been reports that a history of 
stroke has a negative impact on rehabilitation [29,30] and the presence 
of cSVD at the time of symptomatic stroke onset is an independent 
variable of poor functional outcomes [15–19], most previous studies 
that investigated recovery from PB excluded patients with other brain 
lesions or signs of any other brain abnormality [6] or did not mention 
them in detail. Therefore, it was not clearly indicated whether preex
isting brain abnormalities influence the PB recovery period. Our results 
might indicate that preexisting brain abnormalities had a negative 
impact on recovery from PB, similar to other functional outcomes after 
stroke. One possible reason that might explain our results is the influ
ence of the brain volume before a symptomatic stroke. Brain volume has 
been reported to be a protective factor against the severity of stroke, and 
a prior stroke decreases the brain volume [31]. Therefore, brain volume, 
which was lower in those with a history of stroke or cSVD, might also 
have been an important factor that influenced the recovery period from 
PB. In fact, a recent study has revealed the association between lesion 
size and incidence of PB in patients with right hemiparesis stroke, 
although the association between the lesion site and incidence has not 
been confirmed [32]. Another possible reason is that patients with cSVD 
originally had poor balance. Some previous studies have reported that 
the presence of SBIs and microbleeds among the middle aged to elderly 
population [33], or the presence of severe WMH in patients with lacunar 
stroke [34] are associated with poor balancing ability. When people 
with inadequate reserve balance ability due to prior brain lesions 
develop stroke and lose postural control, it can be difficult to control 
postural abnormalities, which might lead to delayed recovery from PB. 

Regardless of previous studies [6–8], our results showed that the side 
of hemiparesis was not associated with recovery from PB. Our results 
regarding the relationship between hemiparesis and recovery time may 
have been influenced by the small sample size and unequal distribution 
between patients with right and left hemiparesis. However, a previous 
study that included patients with and without a history of stroke re
ported no significant difference in the PB recovery periods between right 
and left hemiparesis [4], recovery periods might possibly be different 
between patients with or without previous stroke and/or cSVD. 

The presence of preexisting brain lesions may have possibly nega
tively impacted outcomes other than PB, but we were unable to confirm 
any corresponding statistical differences in SIAS and FIM results at 
discharge. Thus, it is unclear whether our results are due to the number 
of preexisting brain lesions, PB itself, which is known to influence out
comes after stroke [4,35] or both. Further studies are needed to explore 
this relationship. 

Although our findings may provide a new perspective regarding the 
recovery process from PB, this study has limitations, and the results 
should be interpreted with caution. First, the small sample size 

Table 1 
Descriptive and clinical characteristics of the patients with pusher behavior.   

Total Lesion 
score < 2 
group 

Lesion 
score ≥ 2 
group 

P Value 

Variables (N = 19) (N = 9) (N = 10)  
Age, years 74.4 

(±7.5) 
75.7 
(±9.1) 

73.3 
(±6.0) 

0.507 

Sex (Male/Female), 
no. 

8/11 4/5 6/4 0.656 

Stroke type 
(Hemorrhage/ 
Ischemia), no 

12/7 5/4 3/7 0.370 

Hemiparesis side 
(right/left), no 

5/14 2/7 3/7 0.701 

Admission at 
rehabilitation 
hospital from onset, 
days 

41.7 
(±11.9) 

37.4 
(±7.7) 

45.6 
(±14.0) 

0.141 

Preexisting brain 
lesions     

Past history of stroke, 
% (no) 

21.1% 
(4/19)    

SBIs, % (no) 47.4% 
(9/19)    

WMH, % (no) 47.4% 
(4/19)    

Microbleeds, % (no) 31.6% 
(6/19)    

EVS, % (no) 0% (0/ 
19)    

SCP at admission, 
points 

4.1 
(±1.3) 

4.0 (±1.1) 4.3 (±1.5) 0.676 

SIAS at admission, 
points 

24.0 
(±6.4) 

22.2 
(±4.9) 

25.0 
(±7.5) 

0.358 

At discharge, points 29.5 
(±10.4) 

30.8 
(±12.1) 

28.4 
(±9.1) 

0.631 

FIM at admission     
Motor, points 19.4 

(±5.3) 
20.2 
(±5.1) 

18.7 
(±5.6) 

0.484 

Cognition, points 17.4 
(±6.3) 

16.7 
(±5.8) 

18.1 
(±7.0) 

0.633 

FIM at discharge     
Motor, points 37.6 

(±14.6) 
41.1 
(±16.6) 

34.5 
(±12.5) 

0.338 

Cognition, points 21.0 
(±7.0) 

22.3 
(±7.7) 

19.8 
(±7.0) 

0.461  

Mean 
(±standard 
deviation) 

SBIs, silent brain infarctions; WMH, white matter hyperintensity; EVS, enlarged 
perivascular spaces; SCP, scale for contraversive pushing; SIAS, stroke impair
ment assessment set; FIM, functional independence measure. 
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prohibited the use of subgroup analysis between patients with and 
without prior brain lesions or patients with each type of lesion and 
limited the covariates used in the Cox proportional hazards analysis. To 
overcome this limitation, future studies with a longer duration and by 
multiple centers are necessary for the generalization of these results. 

Second, we counted the number of lesions based on the presence of each 
cSVD but did not consider the number of damages in the same lesions. 
Multiple SBIs or microbleeds have been reported to be associated with 
severe stroke or lower functional recovery 6 months after stroke onset 
[15,17]. Further studies based on the number of impairments caused by 
similar lesions and their influence on the PB recovery period are 
necessary. 

5. Conclusions 

Patients with a score of ≥ 2 for preexisting brain lesions showed 
delayed recovery from PB. The multivariable Cox proportional hazards 
analysis also showed that the score for preexisting brain lesions was a 
significant covariate for delayed recovery period from PS. Our results 
might be useful in planning rehabilitation and treatment goals for PB 
patients in a rehabilitation setting. 
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lateropulsion, and gait disorders in subacute stroke, Neurology 96 (17) (2021) 
e2147–e2159, https://doi.org/10.1212/WNL.0000000000011152. 

[3] H.O. Karnath, L. Johannsen, D. Broetz, S. Ferber, J. Dichgans, Prognosis of 
contraversive pushing, J. Neurol. 249 (2002) 1250–1253, https://doi.org/ 
10.1007/s00415-002-0824-z. 

Table 2 
The individual characteristics of stroke type, preexisting brain lesion, and recovery process from pusher behavior  

NO Age Etiology Hemiparesis 
Side 

Location of lesions Presence of preexisting brain lesion(Yes/No) SCP Days to recover from 
PB 

(H/I) (L/R) Prior 
stroke 

SBIs WMH Microbleeds EPS Initial Final 

1 68 H L Striatum No Yes No Yes No  6.0 4.25 Censored# 

2 73 I L Striatum No No Yes No No  4.25 0 62 
3 82 H R Striatum No Yes Yes Yes No  3.0 0.75 94 
4 81 I L Frontal and temporal lobes No No Yes No No  4.75 0.75 151 
5 69 H L Striatum No Yes Yes No No  2.25 1.25 64 
6 64 H L Thalamus Yes No Yes No No  2.75 1.25 85 
7 74 H L Frontal subcortical area Yes No No No No  2.25 1.25 57 
8 87 I R Internal capsule and occipital 

lobe 
No Yes No No No  4.25 1.25 83 

9 71 H R Thalamus, Internal capsule No Yes No Yes No  3.25 0.5 167 
10 69 H L Striatum, Thalamus Yes No No Yes No  5.0 1.25 191 
11 81 I L Frontal, Temporal and Partial 

lobes 
No No No No No  5.25 1.5 71 

12 63 I L Temporal lobe No No No No No  2.5 1.0 37 
13 80 I L Temporal lobe No Yes Yes No No  3.5 0.75 56 
14 67 H L Striatum No No No Yes No  5.0 1.25 63 
15 79 I R Thalamus No Yes Yes No No  4.5 0.75 54 
16 67 H L Thalamus No Yes No No No  4.25 1.5 42 
17 74 H L Thalamus No No Yes Yes No  6.0 0.75 96 
18 77 H L Striatum Yes No Yes No No  6.0 0.75 105 
19 88 H R Thalamus No Yes No No No  3.3 0.75 60 

PB, pusher behavior; H, hemorrhage; I, ischemia; R, right; L, left; SBIs, silent brain infarctions; WMH, white matter hyperintensity; ESP, enlarged perivascular spaces; 
SCP, scale for contraversive pushing. #The final assessment of pusher behavior of a censored case was conducted at 220 days from stroke onset. 

Fig. 1. A Kaplan Meier plot of time to recover from pusher behavior (in days). 
Censored case failed to recover from pusher behavior by the time of discharge 
from rehabilitation hospital. 

Table 3 
Hazard ratio for the time to recover from pusher behavior  

Variables Hazard ratio 95% CI P Value 

Lower Upper 

Hemiparesis side  0.669  0.227  1.976  0.467 
The score of preexisting brain lesions  0.458  0.221  0.949  0.036 

CI, confidence interval 

K. Sue et al.                                                                                                                                                                                                                                      

http://refhub.elsevier.com/S0304-3940(21)00702-3/h0005
http://refhub.elsevier.com/S0304-3940(21)00702-3/h0005
https://doi.org/10.1212/WNL.0000000000011152
https://doi.org/10.1007/s00415-002-0824-z
https://doi.org/10.1007/s00415-002-0824-z


Neuroscience Letters 769 (2022) 136323

5

[4] C. Krewer, M. Luther, F. Müller, E. Koenig, Time course and influence of pusher 
behavior on outcome in a rehabilitation setting: a prospective cohort study, Top. 
Stroke Rehabil. 20 (4) (2013) 331–339, https://doi.org/10.1310/tsr2004-331. 

[5] P.M. Pedersen, A. Wandel, H.S. Jørgensen, H. Nakayama, H. O. Raaschou, T. S. 
Olsen, Ipsilateral pushing in stroke: incidence, relation to neuropsychological 
symptoms, and impact on rehabilitation. The Copenhagen Stroke Study, Arch. 
Phys. Med. Rehabil. 77 (1) (1996) 25–28, https://doi.org/10.1016/S0003-9993 
(96)90215-4. 

[6] H. Abe, T. Kondo, Y. Oouchida, Y. Suzukamo, S. Fujiwara, S.-I. Izumi, Prevalence 
and length of recovery of pusher syndrome based on cerebral hemispheric lesion 
side in patients with acute stroke, Stroke 43 (6) (2012) 1654–1656, https://doi. 
org/10.1161/STROKEAHA.111.638379. 

[7] S.R. Babyar, M.G.E. Peterson, M. Reding, Time to recovery from lateropulsion 
dependent on key stroke deficits: a retrospective analysis, Neurorehabil. Neural. 
Repair 29 (3) (2015) 207–213, https://doi.org/10.1177/1545968314541330. 

[8] C. Lafosse, E. Kerckhofs, M. Troch, L. Vereeck, G. Van Hoydonck, M. Moeremans, 
J. Broeckx, E. Vandenbussche, Contraversive pushing and inattention of the 
contralesional hemispace, J. Clin. Exp. Neuropsychol. 27 (4) (2005) 460–484, 
https://doi.org/10.1080/13803390490520463. 

[9] S.R. Babyar, M.G.E. Peterson, M. Reding, Case–control study of impairments 
associated with recovery from “pusher syndrome” after stroke: logistic regression 
analyses, J. Stroke Cerebrovasc. Dis. 26 (1) (2017) 25–33, https://doi.org/ 
10.1016/j.jstrokecerebrovasdis.2016.08.024. 

[10] J. Hata, Y. Tanizaki, Y. Kiyohara, I. Kato, M. Kubo, K. Tanaka, K. Okubo, 
H. Nakamura, Y. Oishi, S. Ibayashi, M. Iida, Ten year recurrence after first ever 
stroke in a Japanese community: the Hisayama study, J. Neurol. Neurosurg. 
Psychiatry 76 (2005) 368–372, https://doi.org/10.1136/jnnp.2004.038166. 

[11] C. Flach, W. Muruet, C.D.A. Wolfe, A. Bhalla, A. Douiri, Risk and secondary 
prevention of stroke recurrence: a population-base cohort study, Stroke 51 (8) 
(2020) 2435–2444, https://doi.org/10.1161/STROKEAHA.120.028992. 

[12] E.H. Mizrahi, Y. Fleissig, M. Arad, A. Adunsky, Functional gain following 
rehabilitation of recurrent ischemic stroke in the elderly: experience of a post-acute 
care rehabilitation setting, Arch. Gerontol. Geriatr. 60 (1) (2015) 108–111, https:// 
doi.org/10.1016/j.archger.2014.08.013. 

[13] Y.S. Ng, K.H.X. Tan, C. Chen, G.C. Senolos, G.C.H. Koh, How do recurrent and first- 
ever strokes differ in rehabilitation outcomes? Am. J. Phys. Med. Rehabil. 95 
(2016) 709–717, https://doi.org/10.1097/PHM.0000000000000502. 

[14] S.P. Rensma, T.T. van Sloten, L.J. Launer, C.D.A. Stehouwer, Cerebral small vessel 
disease and risk of incident stroke, dementia and depression, and all-cause 
mortality: a systematic review and meta-analysis, Neurosci. Biobehav. Rev. 90 
(2018) 164–173, https://doi.org/10.1016/j.neubiorev.2018.04.003. 

[15] D.-W. Chen, Y.-X. Wang, J. Shi, W.-Q. Zhang, F. Yang, Y.-W. Yin, L.-N. Ma, Multiple 
silent brain infarcts are associated with severer stroke in patients with first-ever 
ischemic stroke without advanced leukoaraiosis, J. Stroke Cerebrovasc. Dis. 26 (9) 
(2017) 1988–1995, https://doi.org/10.1016/j.jstrokecerebrovasdis.2017.06.011. 

[16] T.-W. Kim, S.-J. Lee, J. Koo, H.-S. Choi, J.-W. Park, K.-S. Lee, J.-S. Kim, Cerebral 
microbleeds and functional outcomes after ischemic stroke, Can. J. Neurol. Sci. 41 
(5) (2014) 577–582, https://doi.org/10.1017/cjn.2014.19. 

[17] A. Charidimou, G. Turc, C. Oppenheim, S. Yan, J.F. Scheitz, H. Erdur, P.P. Klinger- 
Gratz, M. El-Koussy, W. Takahashi, Y. Moriya, D. Wilson, C.S. Kidwell, J.L. Saver, 
A. Sallem, S. Moulin, M. Edjlali-Goujon, V. Thijs, Z. Fox, A. Shoamanesh, G. 
W. Albers, H.P. Mattle, O.R. Benavente, H.R. Jäger, G. Ambler, J. Aoki, J.-C. Baron, 
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