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Abstract
Objective: People exhibiting post-stroke lateropulsion actively push their body across the midline to the

more affected side and/or resist weight shift toward the less affected side. Despite its prevalence and asso-

ciated negative rehabilitation outcomes, no clinical practice guidelines exist for the rehabilitation of post-

stroke lateropulsion. We aimed to develop consensus-based clinical practice recommendations for man-

aging post-stroke lateropulsion using an international expert panel.

Design: This Delphi panel process conformed with Guidance on Conducting and Reporting Delphi

Studies recommendations.

Participants: Panel members had demonstrated clinical and/or scientific background in the rehabilitation

of people with post-stroke lateropulsion.

Main Measures: The process consisted of four electronic survey rounds. Round One consisted of 13

open questions. Subsequent rounds ascertained levels of agreement with statements derived from

Round One. Consensus was defined a priori as ≥75% agreement (agree or strongly agree), or ≥70% agree-

ment after excluding ‘unsure’ responses.
Results: Twenty participants completed all four rounds. Consensus was achieved regarding a total of 119

recommendations for rehabilitation approaches and considerations for rehabilitation delivery, positioning,

managing fear of falling and fatigue, optimal therapy dose, and discharge planning. Statements for which

‘some agreement’ (50%–74% agreement) was achieved and those for which recommendations remain

to be clarified were recorded.

Conclusions: These recommendations build on existing evidence to guide the selection of interventions

for post-stroke lateropulsion. Future research is required to elaborate specific rehabilitation strategies,

consider the impact of additional cognitive and perceptual impairments, describe positioning options,

and detail optimal therapy dose for people with lateropulsion.
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Introduction

The phenomenon of actively pushing the body
across the midline toward the more affected side,
and/or actively resisting weight shift toward the

less affected side is prevalent among people who
require rehabilitation after stroke.1 While the
terms ‘pusher behaviour’, ‘pusher syndrome’ and
‘contraversive pushing’ have previously been
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used to describe this phenomenon, the term ‘latero-
pulsion’ is currently recommended.2,3 The presence
of lateropulsion after stroke is associated with a
need for longer rehabilitation length of stay,
poorer functional outcomes, and reduced likelihood
of home discharge.4,5 Despite the prevalence of
lateropulsion after stroke,1 research evidence for
the efficacy of any particular therapeutic approach
is limited. No clinical practice guidelines for the
physical rehabilitation of post-stroke lateropulsion
currently exist.

In addition to providing the initial description of
‘pusher syndrome’, Davies6 proposed an approach
to rehabilitation. The main aims of rehabilitation of
‘pusher syndrome’ were to: restore head control,
stimulate activity in the lateral trunk flexors on the
more affected side, regain midline in standing and
walking, and regain the ability to safely climb stairs.
Davies6 recommended a forward lean position in
the wheelchair, with the armrest on the unaffected
side removed so that the patient cannot push on it.
Broetz and Karnath7 subsequently published recom-
mendations for the rehabilitation of people with later-
opulsion, including treating people in an
‘earth-vertical’ position and leveraging visual feed-
back of vertical position. However, Paci and
Rinaldi8 noted that some people with lateropulsion
are unable to use visual input to align with their sur-
roundings. More recent findings9 have shown latero-
pulsion to be associated with neglect and impaired
perception of visual vertical, which suggests difficulty
exploring the spatial environment. Consequently,
treatment based on visual cues alone may not be
fully effective.8 Multimodal rehabilitation approaches
show some promise.10

Evidence for the effect of different approaches to
rehabilitation on lateropulsion is lacking. A recent
scoping review investigating the evidence for treat-
ment approaches for lateropulsion reported only five
small randomised controlled trials (n=12–36) from
31 included studies.11 The authors reported ‘promis-
ing results’ in studies investigating somatosensory
cues and visual-somatosensory integration, while
approaches based on visual feedback alone were
less effective.11 They suggested further research to
investigate the value of non-invasive brain stimula-
tion (NIBS) in influencing lateropulsion.11

This study examined consensus among an inter-
national Delphi panel of experts tasked with develop-
ing clinical practice recommendations for managing
lateropulsion after stroke, using resources that are
readily available in the majority of clinical settings.
Recommendations regarding the definition of latero-
pulsion and preferred terminology to describe the
condition were also developed and are published else-
where.3 The focus was primarily on physical rehabili-
tation although it is acknowledged that post-stroke
lateropulsion is a complex phenomenon.

Methods

Design

This Delphi Panel Process conformed with the
Guidance on Conducting and Reporting Delphi
Studies12 recommendations. The Process was regis-
tered via Open Science Framework at https://
doi.org/10.17605/OSF.IO/KN3JT13 and consisted of
two sections: The first aiming to provide recommen-
dations regarding terminology,3 and the second to
provide recommendations regarding rehabilitation
for post-stroke lateropulsion. This paper addresses
recommendations for rehabilitation of lateropulsion.

Participants

Identified experts were invited via email to participate
in the panel. Written informed consent to participate
was obtained. Participants had demonstrated clinical
and/or scientific background in the rehabilitation of
people with post-stroke lateropulsion. Invited partici-
pants met any of the following criteria: first or senior
author of a published journal article (English lan-
guage) reporting on rehabilitation of lateropulsion
(2010–2020), identified via a search of Medline and
CINAHL databases conducted in May 2020, using
the terms, ‘lateropulsion or contraversive pushing’
AND ‘stroke or cerebrovascular accident or CVA’
AND ‘rehabilitation or therapy or treatment or inter-
vention’ (authors of publication reports on lateral
medullary syndrome only were excluded); and/or
member of the Scale for Lateropulsion14 development
expert panel; and/or presented on lateropulsion at
‘Symposium on Human Perception of Verticality:
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Lateropulsion and Retropulsion in Neurological
Disorders’ in May 2019; and able to complete the
survey and communicate about the process in
English.

To minimise the risk of selection bias, when mul-
tiple representatives from one institution expressed
interest in participating, they were asked to select a
maximum of two representatives to join the panel.
This meant that bias toward the accepted practices at
one institution could be avoided in developing
consensus.

Procedures

The Delphi Process consisted of four online survey
rounds conducted in English via the Qualtrics XM
programme.15 Participants were advised upon recruit-
ment that the process would be ceased after a
maximum of four rounds. During an optional intro-
ductory video conference meeting (via Zoom) prior
to Round One, panellists discussed the potential
need for future meetings between rounds. A second
meeting was held between the second and third
rounds, during which definitions of consensus and
management of recommendations relevant to all
people after stroke, as opposed to those of particular
importance to those with lateropulsion, were dis-
cussed and agreed upon.

The Round One survey consisted of 13 open
questions designed to establish themes and opi-
nions of panel members regarding elements of
rehabilitation of lateropulsion and priorities for
discussion:

1. What term(s) should be used to describe
the phenomenon of active pushing of the
body across the midline toward the more
affected side, or actively resisting weight
shift toward the less affected side?
(Results of this component of the study
are published elsewhere.3)

2. Please outline the most important compo-
nents of the education about lateropulsion,
which should be provided to affected
people after stroke and their families/carers.

3. Does the management of people with post-
stroke lateropulsion vary according to
assessment findings and/or presence of
additional effects of stroke? Yes/No

Please outline the factors that determine
management strategies, and the ways in
which these factors relate to management
of the affected person.

4. Please list the most important elements of
rehabilitation for a person with post-stroke
lateropulsion.

5. Is the fear of falling an issue in people with
post-stroke lateropulsion? Yes/No

If it is an issue, how should this fear be
addressed?

6. Please outline the role of positioning (in
bed and in sitting) in the management of
lateropulsion.

7. Which disciplines are essential in an ideal
multidisciplinary team managing people
with post-stroke lateropulsion, and what
are their roles?

8. What is the optimal ‘dose’ of therapy for a
person with post-stroke lateropulsion?
(Please refer to attached – Hayward,
Churilov16)

Please describe strategies that should be
used to achieve this dose of therapy.

9. Does fatigue usually affect performance of
people with post-stroke lateropulsion?
Yes/No

If you believe that fatigue is often a
problem, what strategies should be employed
to manage fatigue, in rehabilitation of a
person with post-stroke lateropulsion?

10. How long should rehabilitation (inpatient,
community and/or outpatient rehabilita-
tion) for a person with post-stroke latero-
pulsion continue?

11. Please list the factors that influence the
decision to discontinue rehabilitation.

12. Please outline considerations that should be
made and steps that should be undertaken
when discharging a person with post-stroke
lateropulsion from the inpatient setting to:
(a) Home or a private residence; and
(b) Residential care.
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13. What do you see as the top three priorities
for future research in post-stroke lateropul-
sion? (Results of this component of the
study are published elsewhere.3)

Two representatives with lived experience of latero-
pulsion after stroke (one person with stroke and one
caregiver) provided input into development of the
first round of survey questions to ensure that con-
sumer priorities were included in the topic areas con-
sidered in the process. Subsequent rounds ascertained
levels of agreement with statements derived from
Round One. Levels of agreement were set a
priori.12 ‘Consensus’ was defined as ≥75% agree-
ment (agree or strongly agree) or ≥70% agreement
after excluding ‘unsure’ responses. ‘Some agreement’
was defined as 50%–74% agree or strongly agree, or
75% agreement reached after excluding both ‘unsure’
and ‘neutral’ responses, but <70% agreement when
excluding ‘unsure’ responses only. Statements with
no clear agreement were labelled ‘remains to be clari-
fied’, with recommendation for additional research.
Areas with clear disagreement (majority of panel dis-
agreed or strongly disagreed) were to be reported but
not included in the recommendations.

When consensus was reached, that statement was
not represented in subsequent rounds. Overall results
of each round were provided to panel members before
commencement of the subsequent round.Where prior
research on rehabilitation of lateropulsion was avail-
able, relevant studies were embedded in the survey
for reference, however the process did not include a
critical literature review. Links to the Australian,17

American,18 Canadian,19 and United Kingdom20

Stroke Guidelines referring to the amount of rehabili-
tation were also included in the survey questions
regarding optimal therapy dose.

Data analysis

Quantitative data were reported using descriptive statis-
tics with percentages and frequency counts. Content
analysis of data from Round One using the NVivo pro-
gramme21 informed the development of subsequent
rounds. Agreed elements of lateropulsion rehabilitation
were prioritised and ranked. Levels of the agreement

for all statements were calculated and reported, as
described above. Individual panel member responses
remained de-identified to minimise the risk of panel
members changing their minds to avoid expressing an
unpopular opinion or expediting consensus. Where the
panel convenor considered statements to be applicable
to all people with stroke (generic) rather than of particu-
lar importance to those with lateropulsion, the statement
was presented again to the panel. It was removed when
the panel agreed (≥75%) that the statement was generic.

Ethical considerations

This study was approved by the Edith Cowan
University (ECU) Human Research Ethics Committee
(2019-00501-NOLAN). The Data Management Plan
(2020-DMP-00054) for this study was approved by
ECU Research Integrity.

Results

Thirty-nine expertswere identified and invited to partici-
pate. Twenty-three provided written informed consent
to participate. Twenty-two were included as three parti-
cipants represented the same institution (this institution
decided that two participants would complete the
responses together, under the name of one-panel
member). One participant withdrew before the process
began due to a change in their availability. Five
experts declined participation and 11 did not respond
(of these, one sent an out-of-office autoreply, and one
responded after the deadline and after the panel had
been finalised). Surveys were distributed to 21 partici-
pants in Round One. Of these, 20 surveys were
returned. All 20 of these participants completed the
four rounds of the process (May to November 2021).
Complete results of each round, including levels of
agreement, are reported in Supplemental File 1.

Panel demographics

Panel members represented 10 countries: Australia
(n=1), Belgium (n=2), Brazil (n=1), Canada (n=
2), France (n=2), Germany (n=2), Italy (n=2),
Japan (n=2), United Kingdom (n=1), and United
States of America (n=5). The panel consisted of

Nolan et al. 1563

https://journals.sagepub.com/doi/suppl/10.1177/02692155231172012


physiotherapists (n=12, 60%), medical doctors/
rehabilitation physicians (n=4, 20%), movement
scientists/kinesiologists (n=2, 10%), and neuropsy-
chologists (n=2, 10%). Panel members worked clinic-
ally (n=17, 85%), in research roles (n=19, 95%), and
in educator roles (n=10, 50%). Of those working clin-
ically, 17/17 (100%) worked in the inpatient setting,
2/17 (12%) also worked in the community/home visit-
ing, and 7/17 (41%) also worked in the outpatient
setting. Clinicians worked with people with stroke in
the acute (6/17, 35%), sub-acute/rehabilitation (17/17,
100%) and chronic (9/17, 53%) phases of recovery.
Panel members and their affiliations are listed in
Supplemental File 2.

Delphi panel recommendations

Consensus was achieved regarding a total of 119
recommendations for education about lateropulsion,
rehabilitation approaches and considerations for
rehabilitation delivery, positioning, managing fear of
falling and fatigue, optimal therapy dose, and discharge
planning. Statements for which some agreement was
achieved and statements that remain to be clarified
are outlined in Supplemental Files 3 and 4, respect-
ively. No statements resulted in clear disagreement.

Education about lateropulsion to people with
lateropulsion and caregivers

The panel agreed that customised education about
lateropulsion should be provided to caregivers
and persons with lateropulsion in accordance with
their unique clinical presentation. There was con-
sensus that education should encompass:

• Characteristics of lateropulsion
• Rehabilitation and management strategies;

and
• Impact and prognosis of lateropulsion.

Elements recommended (consensus was achieved)
for inclusion in education are outlined in Table 1.
Statements for which some agreement was achieved
and statements that remain to be clarified are outlined
in Supplemental Files 3 and 4, respectively.

Elements of rehabilitation of lateropulsion

Consensus was achieved regarding the overall
approach to rehabilitation and various specific
rehabilitation strategies for a person with post-
stroke rehabilitation. Recommendations (consensus
achieved) regarding elements of rehabilitation of
lateropulsion are outlined in Table 2. Statements
for which some agreement was achieved and state-
ments that remain to be clarified are outlined in
Supplemental Files 3 and 4, respectively.

Various ‘novel’ treatment strategies11 that may
require non-standard equipment were suggested.
Treadmill or robot-assisted gait training22–25 which
is supported by some evidence, was recommended
by 14/20 panel members (70%). Because the evidence
for effectiveness in rehabilitation of lateropulsion was
not yet considered to be sufficient, the panel did not
recommend routine use of the following interventions:

• Video games referring to horizontal/vertical.
• Virtual reality training.
• Transcranial direct current stimulation.
• Functional neuromuscular electrical

stimulation.
• Transcutaneous electrical nerve stimulation

applied to contralesional side of the neck.
• Whole-body tilt apparatus.
• Force platform bio-feedback.
• Recumbent stepper.

Considerations for management of
lateropulsion

There was consensus that the approach to management
of post-stroke lateropulsion should be informed by
severity of lateropulsion, the person’s awareness of
their lateropulsion, and individual stroke and person-
related factors. Recommendations regarding considera-
tions for the management of lateropulsion are outlined
in Table 3. Statements for which some agreement was
achieved and statements that remain to be clarified are
outlined in Supplemental Files 3 and 4, respectively.
As agreed by the panel, strategies not of particular
importance to those with lateropulsion, versus those
without, have been excluded from this report.
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Optimal therapy dose

Dose of rehabilitation was conceptualised in terms of
the dose domains described by Hayward et al.16:
Duration, days per week, sessions per day, session

length, session density, session difficulty, and intensity.
Considering only people with post-stroke lateropulsion
who are medically stable, there was consensus that
optimal rehabilitation dose differs between people
with stroke with lateropulsion versus those without

Table 1. Elements recommended for inclusion in the education about lateropulsion to the affected person and their

family/caregivers.

% Agreement*

Characteristics of lateropulsion
• Behaviours exhibited by the affected person may include overactivity of the less affected side,

actively leaning/reaching across the midline toward the more affected side and resistance to

attempts at passive correction.

100

• The affected person may have an altered perception of vertical/midline, misorientation with

respect to gravity, a perception of upright when leaning toward the more affected side, and a sense

of falling toward the less affected side.

95

• The behaviour is involuntary/unintentional. 95

• The affected person may be unaware of the deficit(s). 95

• Mobility performance may be variable, with degree of resistance or lateropulsion varying

depending on different factors.

75

Impact and prognosis of lateropulsion
• Lateropulsion is associated with an increased risk of falling. 100

• Family/caregivers may require training. 90

• Lateropulsion can resolve with time. 85

• Ongoing support may be needed, a plan for ongoing care may be required. 85

• The following factors may exacerbate lateropulsion and should be recommended for inclusion in

the education:

• Poor attention/distraction

• Fatigue

• Fear of falling

84

• Lateropulsion is associated with delayed recovery and a need for longer rehabilitation. 80

• Lateropulsion affects mobility and daily task performance. 80

• Additional impairments that may affect recovery and should be covered in the education include:

• Spatial Inattention/neglect

• Unawareness of lateropulsion

• Cognitive impairment

• Degree of hemiparesis

75

Elements of rehabilitation and strategies for management of lateropulsion
• Strategies to reduce lateropulsion:

• Practical hands-on guidance for mobility and transfer training including positioning,

re-positioning and postural support

• Need for clear, simple instructions

• Use of appropriate tactile cues and verbal feedback from family/caregivers/visitors

• Guide the person with lateropulsion to see/feel that they are not upright

• As passive attempts at correction may increase lateropulsion, the patient should be encouraged

to move actively toward the midline.

95

• Evidence regarding best practice is limited, but specific therapy and repetitive practice will be

needed.

85

*excluding ‘unsure’ responses when consensus was reached in Rounds 3 or 4
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Table 2. Recommendations regarding elements of rehabilitation.

% Agreement*

Approach to rehabilitation
• All disciplines should undergo specific training in the management of people with post-stroke

lateropulsion.

100

• Safety and falls prevention should be considered. 100

• An interdisciplinary/transdisciplinary approach is needed in the management of people with

post-stroke lateropulsion.

95

• Cueing and strategies for transfers should remain consistent among all team members. 95

• The approach to rehabilitation should be individualised. 95

• The person with post-stroke lateropulsion needs to be helped to understand/accept that their

perception of vertical/midline is impaired and requires correction.

90

• The approach to rehabilitation should be patient-centred. 85

• A therapy aim is to support the person to cross midline (toward less-affected side) in lying, sitting,

and standing.

85

• Midline impairments and lateropulsion do not need to have been resolved in one position before

progressing to the more advanced postures.

85

• A therapy aim is to support the person to move away from midline toward both the more affected

and less affected side and maintain postural control in sitting and standing.

84

• The overarching goal of rehabilitation is to re-orient posture to midline/upright. 80

• A therapy aim is to inhibit overactivity of the less affected side. 70

Specific rehabilitation strategies
• Task-specific training (sitting, transfers, standing, walking, stairs) should be provided as appropriate,

considering the individual’s mobility status.

100

• Early orientation to upright should be prioritised. 95

• Perceptual impairments accompanying lateropulsion should be addressed. 85

• Body positions should be varied throughout the day (avoid prolonged lying and sitting). 80

• Practice incorporating repeated weight-shift tasks toward the less affected side in sitting, standing,

and during stepping should be encouraged.

80

• Weight shift/weight acceptance on the more affected leg should be encouraged after weight

acceptance on the less affected leg has been achieved.

80

• Trunk and proximal weakness should be addressed (consider functional tasks, two- and four-point

kneeling postures, reaching tasks, upright postures, weight acceptance on ischial tuberosity of less

affected side, with trunk elongation on the less affected side).

79

• The use of a wall or scaffold on the less affected side, encouraging the person to touch the wall with

their shoulder and/or hip while standing or during the less affected stance phase of gait may assist

the achievement of weight shift.

78

• Somatosensory stimulation may be useful. This may include neck muscle vibration, tactile or

thermal stimulation of the more affected side, unstable surfaces to augment feedback, contact with

the wall, or other frames of reference for verticality.

78

• The affected person should be encouraged to self-correct to midline throughout the day. 75

• Prolonged positioning in midline / vertical position should be facilitated (consider the use of

equipment and involvement of the interdisciplinary team).

75

• Weight shift/weight acceptance on the less affected leg without compensation through the trunk/

hip/knee should be encouraged.

75

• Tactile references to the midline in sitting and standing may be useful. This may include hands-on

facilitation by therapist and/or tactile targets such as wall or plinth.

75

• Facilitating excess lean toward the less affected side in sitting (e.g., leaning on elbow) should be

encouraged.

75

75

(Continued)
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lateropulsion, when all other stroke-related factors are
the same. Therewas consensus that in people with post-
stroke lateropulsion, the optimal therapeutic dose
depends on severity of lateropulsion, stage of recov-
ery26 after stroke, and person and stroke-related
factors (presence of neglect/inattention and overall
functional status).4,5,27–33

Attempts in Rounds one and two at ascertaining
specific dose recommendations produced widely
varying results. Rounds three and four aimed to
achieve agreement on dose recommendations in com-
parison to people with stroke without lateropulsion or
requirements relative to those without the relevant
stroke-related factor. Complete results of therapy
dose recommendations, including levels of agreement
reached in Rounds Three and Four, according to the
severity of lateropulsion, stage of recovery, and
person and stroke-related factors, are outlined in
Supplemental File 5.

As agreed by the panel, strategies which may be
used to increase therapy dose are relevant to all
people with stroke, so they were not included in
these recommendations. Statements for which
some agreement was achieved and statements that
remain to be clarified are outlined in Supplemental
Files 3 and 4, respectively.

Addressing fear of falling

There was consensus that fear of falling toward the
less affected side is an issue affecting rehabilitation
in people with post-stroke lateropulsion, although
evidence that lateropulsion is associated with
increased risk of falls is still lacking.

Recommendations (consensus achieved) addres-
sing fear of falling are outlined in Table 4.
Statements for which some agreement was achieved
are outlined in Supplemental File 3. As agreed by
the panel, while general falls prevention strategies
apply, only strategies considered by the panel to be
of particular importance to those with lateropulsion
have been included in these recommendations.

Positioning

While general aims of positioning after stroke
apply, as agreed by the panel, only those consid-
ered by the panel to be of particular importance to
people with post-stroke lateropulsion were
included in these recommendations. Consensus
statements regarding optimal positioning for
people with post-stroke lateropulsion are out-
lined in Table 5. Statements for which some
agreement was achieved are outlined in
Supplemental File 3.

Management of fatigue

There was consensus that fatigue affects the per-
formance of people with post-stroke lateropulsion
and that lateropulsion becomes more apparent or
more severe as the person becomes fatigued.
Consensus regarding all statements relating to
management of fatigue was achieved (Table 6).
While general fatigue management strategies
apply, only those strategies considered by the
panel to be of particular importance to those

Table 2. (Continued)

% Agreement*

• Exploring limits of stability in a safe environment (feeling/perception of loss of balance without risk

of harm) should be encouraged.

• Visual references to accurate vertical should be provided where appropriate (consider using a

mirror, environmental structures such as door frames and walls, and video feedback).

74

• Weight shift via cross-body activities using more affected limbs (as able) may help to restore

balance of interhemispheric inhibition.

72

*excluding ‘unsure’ responses, when consensus was reached in Rounds 3 or 4
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Table 3. Consensus statements regarding considerations for management of lateropulsion.

% Agreement*

Approach to management of lateropulsion is affected by:

• Severity of lateropulsion 100

• Person’s awareness of lateropulsion 90

• Stroke and person-related factors 90

Severity of lateropulsion determines:

• Amount of physical assistance and/or equipment needed 100

• Timing of commencing transfer training with family/informal caregivers 90

• Treatment position (lying versus sitting versus standing) 85

• Treatment progression 85

Awareness of lateropulsion determines:

• Type of cues used: Explicit cues are used when an affected person is unaware of lateropulsion; cues

become more implicit as awareness increases.

94

• Goals of management: The aim is to self-identify body position in relation to midline when the

affected person is unaware of lateropulsion.

89

Stroke and person-related factors, and their associated considerations:
Presence and severity of spatial neglect/inattention

• Use strategies to address neglect, including visual scanning training, neck muscle vibration, limb

activation, prism adaptation, video feedback, mirror therapy, motor imagery, education, tactile

cues, reweighting of sensory prioritisation, neuropsychological rehabilitation, hemifield eye

patching, visuo-perceptual training, and prismatic lens training.

89

• Use of mirror or alignment with visual vertical to help with appreciation of midline may not be

effective, so additional strategies should be employed: proprioceptive and graviceptive input while

elucidating improved body position and/or while directing attention to alignment with vertical,

tactile and verbal references to help with appreciation of midline.

84

Mobility status

• Supervise or assist to enable performance of high-level tasks such as standing or walking safely,

whilst oriented to midline.

83

Somatosensory impairment

• Integrate somatosensory stimulation into therapy. 78

Proprioceptive impairment

• Encourage awareness of limb position to re-establish ego-centric reference of verticality. 76

Presence of body schema disorder

• Recalibrate egocentric reference frame by combining as much as possible multiple sensory and

motor input channels to target adequate individual environment interaction, using somatosensory,

proprioceptive, graviceptive, and visual information while balance and movements are re-trained.

75

Presence of anosognosia

• Be aware that any movement performed by the person with lateropulsion may be unsafe if they are

unaware of their neglect and/or lateropulsion.

73

Impulsivity

• Recognise situations that lead to an emotional imbalance to decrease the frequency of triggers or

create strategies to enhance self-control. Fear of falling may be a relevant trigger.

73

While the following factors were identified (consensus was achieved) as potentially affecting

management of lateropulsion, specific strategies for management in the context of lateropulsion

were not identified:
• Degree of motor impairment

• Cognition

• Arousal/alertness/attention

*excluding ‘unsure’ responses, when consensus was reached in Rounds 3 or 4
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with lateropulsion were included in these
recommendations.

Discharge planning

Recommendations regarding discharge planning
considered planning for discharge to home or to a
residential care facility. Consensus regarding all
statements relating to discharge planning for
people with post-stroke lateropulsion was achieved
(Table 7).

As agreed by the panel, specific strategies and pro-
cedures regarding planning for equipment/environ-
ment and ongoing rehabilitation requirements are
applicable to all people with stroke, so were not
included in these recommendations.

Discussion

This Delphi Panel Process aimed to describe and
develop an international expert consensus on best-
practice ‘usual care’ rehabilitation of post-stroke later-
opulsion, using resources that are readily available in
the majority of clinical settings. Clinicians may use
these recommendations to anticipate rehabilitation
length of stay, and to plan rehabilitation dose and spe-
cific rehabilitation strategies for people with post-
stroke lateropulsion, considering lateropulsion sever-
ity, stage of post-stroke recovery, and influence of
additional post-stroke impairments.

Panel recommendations build on approaches to
rehabilitation described by Broetz and Karnath,7

including awareness of altered perception of vertical,
attainment of vertical, and weight acceptance on the
less affected side, via a combination of visual,
verbal, and somatosensory feedback. As more
recent evidence has demonstrated the existence of
an association between impaired visual vertical per-
ception and lateropulsion,9 recommendations from
this panel emphasised tactile rather than reliance on
visual cues achieve vertical alignment. Although a
recent study9 reported spatial neglect, measured via
a robust battery of six assessments, to be present in
100% of participants with lateropulsion, earlier
studies5,27,29,32 showed the presence of neglect,
using a less robust assessment process, in a high pro-
portion, but not all, of participants with lateropulsion.
Further research is needed to confirm whether neglect
always co-exists with post-stroke lateropulsion. This
panel provided recommendations for rehabilitation
taking into account the impact of moderate and
severe neglect and other cognitive and perceptual
impairments, which have not been addressed in previ-
ous literature, and which can guide clinical decision-
making. Inconsistent measurement and reporting of
neglect among studies in people with lateropulsion
highlights the need for future recommendations
regarding minimum data collection standards.

Previous literature has not provided recommen-
dations regarding education about lateropulsion to

Table 4. Recommendations (consensus was achieved) to address fear of falling in people with post-stroke

lateropulsion.

% Agreement*

Recommended strategies (consensus was achieved) to address fear of falling in people with

post-stroke lateropulsion include:

• Engaging in activities that encourage the patient to shift/accept weight onto the less affected

side, with and without drawing their attention to the weight shift;

95 (with attention)

84 (without

attention)

• Encouraging active rather than passive movement toward the less affected side and/or targets

on the less affected side;

90

• Optimisation of positioning in the person’s wheelchair; 80

• Use of consistent cueing and transfer strategies amongst therapists, nursing, caregivers and

family; and

80

• Bringing the person’s visual attention to environment, safety, and barriers to falling. 70

*excluding ‘unsure’ responses, when consensus was reached in Rounds 3 or 4
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the patients and caregivers, the need for interdiscip-
linary team input, strategies to address fear of
falling in affected people, positioning in lying, con-
siderations relating to management of fatigue, and
specific considerations for discharge planning.
Although based on expert opinion only, the

agreed recommendations from this Delphi panel
addressing these gaps may guide more effective
management of this prevalent condition and
provide a foundation for future intervention studies.

Reported treatment duration and intensity of
rehabilitation vary in previously published

Table 5. Recommendations (consensus was achieved) regarding positioning for people with post-stroke lateropulsion.

% Agreement*

Aims and principles of positioning in a person with post-stroke lateropulsion:
• Promote symmetrical/midline posture. 95

• Provide visual, somatosensory and vestibular input that facilitates perception of vertical/midline

alignment.

85

• Encourage weight acceptance on the less affected side. 85

• Provide visual cues or external frames of reference to true vertical. 84

• Optimise positioning as early as possible after stroke. 79

• Provide frequent changes of position throughout the day. 74

• Provide sensory input that challenges the perception that leaning to the affected side is ‘safe’. 70

Recommended strategies to optimise positioning in bed
• Encourage reaching/rolling toward the less affected side. 84

• Facilitate side-lying on the less affected side, aiming to augment activity of the more affected side,

promote weight-bearing/weight acceptance on the less affected side, and/or reduce over-activity

on the less affected side.

74

Recommended strategies to optimise positioning in sitting:
• Position the person upright as soon as appropriate. 100

• Provide support to facilitate midline alignment (may include the use of wedges). 95

• Ensure wheelchair is well-fitted with firm support at the back and under the buttocks. 95

• Incorporate functional tasks whilst maintaining optimal alignment in wheelchair. 89

• Encourage trunk activity to increase stability (may include thoracic extension and rotation through

active movements, functional reaching, upright position with selective trunk movements in all

planes, facilitation as required).

89

• Maximise time spent in vertical position. 84

• Encourage weight acceptance on less affected ischium and make the person aware of this. 83

*excluding ‘unsure’ responses, when consensus was reached in Rounds 3 or 4

Table 6. Recommendations (consensus was achieved) regarding management of fatigue for people with post-stroke

lateropulsion.

% Agreement*

In managing fatigue, it is recommended that:

• When lateropulsion becomes more apparent than at baseline, therapy dose should be adapted as

needed;

85

• Affected people and caregivers are taught to recognise and respond to cognitive and physical

fatigue, emphasising its relevance to falls prevention; and

84

• Consistent sequences or prompts are used to minimise cognitive fatigue. 81

*excluding ‘unsure’ responses, when consensus was reached in Rounds 3 or 4
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studies. Evidence that people with lateropulsion
need longer-duration therapy exists,4,5 but the remain-
ing domains of optimal therapy dose16,34 are not
described in the existing literature. Recently published
interventional studies compared novel therapies for
lateropulsion with ‘usual care’.22–25,35,36 Future
studies investigating novel therapies, such as robotic
assistance and NIBS, will require dose-finding and
dose-ranging16,34 methodologies followed by studies
using comparison groups, with well-described ‘usual
care’. An agreed best-practice ‘usual care’ approach
to the rehabilitation of lateropulsion is not available
from the current literature. Recommendations result-
ing from this process may provide a standard ‘usual
care’, against which future interventional studies
may be compared.

Prior studies have shown that a longer rehabili-
tation duration is needed for people with post-stroke
lateropulsion, and a further increased duration may
be needed for those with older age, severe lateropul-
sion, moderate or severe neglect, greater number of
additional impairments, poorer overall functional

status, and right-sided lesions.4,5,27–33 The panel
also recommended that rehabilitation is continued as
long as a person with post-stroke lateropulsion has
ongoing rehabilitation goals. The remaining
domains of optimal dose of rehabilitation for those
with lateropulsion (therapy days per week, sessions
per day, session length, session density, session dif-
ficulty, and intensity16) have not been addressed in
previous studies. This expert panel was unable to
agree on specific dose recommendations and
demonstrated wide variation in opinion, but
agreed on many factors that may influence
optimal dose of rehabilitation (Supplemental File
5). Further clarification of this area of rehabilitation
for post-stroke lateropulsion is needed. In addition
to the optimal therapeutic dose, recommendations
regarding some rehabilitation strategies, considera-
tions for rehabilitation, elements for inclusion in the
explanation of lateropulsion, addressing fear of
falling, and positioning failed to reach consensus
(Supplemental Files 3 and 4), and further research
is needed to guide clinical practice.

Table 7. Recommendations (consensus was achieved) regarding discharge planning for people with post-stroke

lateropulsion.

% Agreement*

It is recommended that when planning for discharge, the following factors are considered:

• Safety (of affected person and carer), including awareness of risk of falling; 100

• Caregiver availability and ability to provide adequate assistance; 90

• Access to appropriate equipment; 80

• Access to ongoing rehabilitation; and 80

• Suitability of discharge environment. 75

The following are recommended when planning for discharge:

• Preparation of environment and equipment; 100

• Education of the affected person, family and caregivers; and 95

• Planning for ongoing rehabilitation. 80

When a person with post-stroke lateropulsion is discharged to a residential care facility, education

provided to the affected person, family, and caregivers, as relevant and appropriate, should not differ

from that which would be provided if the person was discharged home.

80

Before a person with post-stroke lateropulsion is discharged home or to a residential care facility, it is

recommended that the affected person, their family and caregivers receive education regarding:

• Strategies to minimise the effects of lateropulsion on everyday mobility. 95

• Lateropulsion, associated risks and risk management; 89

• Specific, individualised strategies to assist positioning, safe bed mobility, transfers, gait, car

transfers, floor transfers, negotiation of stairs, and wheelchair management, providing videos and

photographs as needed; and

89

*excluding ‘unsure’ responses, when consensus was reached in Rounds 3 or 4
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A major strength of this Delphi process was the
expertise of panel members in lateropulsion rehabili-
tation, all of whom had demonstrated clinical and sci-
entific backgrounds in the area. After the process
began, there was no attrition of panel members,
with all 20 participants completing all four rounds.
Representatives with lived experience of post-stroke
lateropulsion provided input into the areas addressed
in the initial survey round.

The process was limited to those who were able to
participate in English and only identified potential
members through publications in English. This lan-
guage limitation means that potential expert panel
members who were not English-speaking were not
included. However, the panel had wide global
representation, with the representation of varied
health systems, although 19/20 (95%) of panel
members represented ‘high income’ countries.

Where evidence existed relating to a survey
question, the relevant publications were embedded
in the surveys for reference, however, the process
did not include a critical literature review. While
provision of relevant publications was intended to
ensure consistency of knowledge base among
panel members, it may have introduced a source
of potential bias in participant responses.

Addressing mechanisms that underpin lateropul-
sion, such as impaired perception of vertical,9

although relevant, was outside the scope of the
study. While stroke location and stroke type may
also influence the optimal approach to rehabilita-
tion of lateropulsion, these factors were not
addressed in this study. The recommendations
focused on rehabilitation of the manifestations of
lateropulsion, regardless of the underlying mechan-
isms or stroke type.

Despite its presence in approximately half of the
people with stroke,1 lateropulsion is not currently
addressed in the Australian, American, Canadian, or
United Kingdom Stroke Guidelines17–20 due to the
limited available research. Recommendations were
limited to the opinions and experience of the panel
experts but built on existing research or clinical recom-
mendations in prior literature. While it is clear that
cognitive and perceptual rehabilitation is needed in
managing lateropulsion, the majority of specific
recommendations resulting from this process focused

on physical aspects of rehabilitation. These recom-
mendations may provide a guide to clinical decision-
making, until strategy-specific intervention studies
become available.

In conclusion, these recommendations for clinical
practice are offered to guide national and international
clinicians and educators in selecting the physical
rehabilitation approaches that will most likely facili-
tate people with post-stroke lateropulsion to meet
their rehabilitation potential, resulting in improved
functional outcomes and a lower level of long-term
disability. The present Delphi study represents the
best available expert opinion for the management of
lateropulsion. Future research is needed to confirm
recommendations regarding rehabilitation strategies,
with and without the use of ‘novel’ therapeutic inter-
ventions, to consider the impact of additional cogni-
tive and perceptual impairments, including neglect,
on lateropulsion rehabilitation, and to describe
optimal positioning options and therapy dose for
people with post-stroke lateropulsion.

Clinical messages

• Post-stroke lateropulsion is prevalent and is
associated with poorer rehabilitation outcomes
and reduced likelihood of discharge home.

• In the absence of evidence-based clinical
guidelines, these recommendations represent
the best available expert opinion for manage-
ment of post-stroke lateropulsion, using
resources that are readily available in the
majority of clinical settings.
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