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General introduction



Chapter 1

Increasing the amount of task- and context-specific training likely enhances functional and
motor outcomes after stroke including walking capacity and performance.'-? After discharge to
the home setting, scheduled therapy stops or decreases sharply and the transition from inpatient
care to the community is experienced as a significant hurdle by patients and their informal
caregivers.>* Early supported discharge (ESD), i.e. services aimed at accelerating discharge and
to support continuity of stroke rehabilitation in the community, improves long-term
independence in activities of daily living (ADL) and may reduce healthcare costs.’> The main
aim of this thesis is to investigate the added value of caregiver-mediated exercises (CME)
combined with telerehabilitation services after stroke to augment the current dose of task- and
context-specific training and to facilitate the transition from inpatient care to community and
informal care. In the final section of this thesis, a list of abbreviations and a glossary are

included to clarify key terms.

Stroke in the context of an ageing population

In 2021, almost 12 million people suffered a new stroke and nearly 94 million people were
living with the consequences of stroke worldwide.® Absolute numbers of stroke incidence,
prevalence, mortality and disability-adjusted life year rates continue to increase due to global
ageing, population growth and unfavourable trends in several important stroke risk factors such
as low physical activity and unhealthy diet. As a result, stroke remains the third leading cause
of global disease burden.® When the current trends continue, it is expected that the global cost
of stroke will almost double by 2050.7 In the context of an ageing population, the demand for
care is increasing while the relative supply of qualified healthcare personnel is decreasing. It is
estimated that 1 in 5 persons of working age in the Netherlands should work in healthcare by
2030 to keep up with this rising demand and the projection increases to more than 1 in 3 by
2060.% In the Netherlands, the estimated cost for stroke is 1.4 billion euros with 83% of
healthcare expenditure being spent on inpatient care.” After discharge from inpatient care,
professional support tapers off. As a result of growing staff shortages in stroke rehabilitation
and rising costs of care, there is increasing pressure on the number of available beds and to
accelerate discharge to the home setting. Hence, stroke patients return home earlier in their
recovery trajectory. While ESD services improve functional independence after stroke and may
save costs, its effect on patient outcome is dependent on continuity of intensive

multidisciplinary stroke rehabilitation at home.?
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Stroke is characterized by acute neurological dysfunction, lasting more than 24 hours or leading
to death, resulting from an acute focal brain injury by a vascular cause including cerebral
ischemic stroke (ICD:8BI11), intracerebral haemorrhage (ICD:8B00), subarachnoid
haemorrhage (ICD:8B01) and cases of stroke in which the subtype of stroke has not been
determined by neuroimaging or other techniques (ICD:8B20).'° Following the International
Classification of Functioning, Disability and Health (ICF) framework, stroke can result in
residual impairments such as cognitive or motor impairment, activity limitations such as with
self-care or walking, and participation restriction such as in social activities or work.!! Motor
impairment occurs in about 80% of acute stroke patients and is the most common impairment
at the moment of hospital admission.'? As a result, patients often remain dependent on others
to execute their everyday activities, including bathing, making transfers and walking, even
beyond six months poststroke when recovery is plateauing.'3-!> Recently, the European Stroke
Organization (ESO) defined motor rehabilitation as “a process that engages people with stroke
in order to benefit their motor function, activity capacity and performance in daily life. It
incorporates principles of motor control in which patients learn to optimize and adapt their
motor, sensory and cognitive functioning through appropriately dosed, repetitive, goal-oriented,
progressive, task- and context-specific training”.!® Motor recovery after stroke is probably
achieved through a combination of mechanisms that drive behavioural restitution, such as
spontaneous neurological recovery within the first three months poststroke, and use-dependent
mechanisms in which patients learn to cope with their underlying neurological deficits to
accomplish a meaningful task.'® Although prospective epidemiological studies on long-term
outcomes of stroke are lacking, several cohort studies have reported that an estimated 70% of

17.18 whereas

patients will achieve at least some return of their upper limb capacity poststroke,
about 60% to 80% will regain at least some independence in walking!*-?> | while 60% to 70%
will achieve independency in basic ADL.?>?* Importantly, unilateral recovery of the most
affected upper limb is poorly associated with recovery of basic ADLs, as activities are often
taken over or compensated for by the less affected arm and ADL independence is mainly
determined by lower limb functions.?® This also underpins that above mentioned percentages
of recovery are heavily dependent on underlying constructs of the measurement of outcome. In
addition, regaining independence during basic ADL and walking does not generalize to

reengagement in meaningful activities or independent mobility in the community, as these

activities require additional behavioural and cognitive skills.
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Independent mobility

Recovery of independent mobility is an important rehabilitation goal for patients poststroke®®
28 and a basic level of independent mobility is an important criterion for an ESD to the home
setting.?%3% Prognostic information about the time course of mobility recovery is important to
increase knowledge and insight of patients and their families into the long-term implications of
stroke and to set meaningful and attainable goals. Accurate prediction of independent mobility
could also increase healthcare efficiency by improving triage and treatment decisions. The ICF
has defined mobility as “moving by changing body position or location or by transferring from
one place to another, by carrying, moving or manipulating objects, by walking, running or
climbing, and by using various forms of transportation”.!" Independent walking can be
predicted relatively early poststroke using clinical outcome measures of paretic leg strength and
(sitting) balance.'??!*! However, independent mobility outside the home (i.e., community
ambulation) includes being able to confidently negotiate curbs, uneven grounds and to cope

with crowded environments.

About 75% of patients with stroke indicated, shortly after discharge, that the ability to go
outside in the community is either essential or very important to them.3> Consequently,
community ambulation is considered to be an important final outcome of stroke rehabilitation.3
Community ambulation is difficult to measure as it spans two levels of the ICF: 1) Activities;
related to mobility, walking and using transportation; and 2) Participation; to use the ability to
walk and move to exercise or as a means of transportation to participate in relevant social,
domestic, leisurely or economic activities. Figure 1.1 shows our theoretical model of candidate
factors that may contribute to community ambulation. Adequate identification of prognostic
factors for community ambulation before discharge from inpatient care could guide discharge
planning, inform the organization of community services, and support the development of
targeted poststroke rehabilitation interventions. Chapter 2 provides a prognostic model for

community ambulation outcome, six months after discharge from inpatient rehabilitation.
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HEALTH CONDITION: STROKE

4

v

v

BODY FUNCTIONS

Muscle strength b730-749
Spasticity b750

Balance b755

Motor control b760

Gait pattern b770
Exercise tolerance b455

Cognitive functions:
Orientation b7114
Energy and drive b130
Attention b740
Perceptual b156
Language b167

Sensory functions:
Vision b210

Vestibular b235
Somatosensation b260-270
Pain b280-289

ACTIVITIES

Changing & maintaining
body position d410-429
Carrying, moving &
handling objects d430-449

Walking and moving:
Distance d4500, d4501
Different surfaces d4502
Around obstacles d4503
Speed d4508, d4552
Climbing stairs/curbs d4551
In other buildings d4601
Outside the home d4602
Using walking devices d465
Using transportation d470
Driving d475

Communication d3
Dual tasks d220

PARTICIPATION

Domestic life:

Shopping and daily
necessities d620

Caring for objects or assisting
others d650, e.g. garden
work, walking your dog or
taking children to school

Major life areas:

Going to school d810-839
Going to work d840-859
Going to the bank d860

Community, social, civic life:
Attending (in)formal occasions
do10

Exercise and leisure d920,
e.g. sports, visiting friend and
family, or going to a museum
Religious activities d930, e.g.
going to church

Political life and citizenship
d950, e.g. going out to vote

>

v

v

Assistive devices e1

ENVIRONMENTAL FACTORS

PERSONAL FACTORS

Age, gender, medication use, history,

Natural environment e2, e.g. terrain,
population density or ambient conditions
Social/caregiver support e3

Attitudes e4, e.g. societal expectations or
social influence

Accessibility of public buildings €515
Land development €520, e.g. traffic lights
and pedestrian routes

Regular and accessible transportation
services €540

comorbidities, time poststroke
Personality b126, e.g. emotional stability,
confidence or self-efficacy

Fatigue b1300/b455

Motivation to go outside b1301
Emotional functions b152, e.g. fear of
falling and mood

Figure 1.1. Theoretical model of factors contributing to community ambulation, categorized
according to the International Classification of Functioning, Disability and Health (ICF), with ICF

codes presented in parentheses.
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Augmented rehabilitation

Stroke rehabilitation interventions are often complex and built up from multiple interacting
components to enhance functional recovery.** Therapy-induced improvements of mobility and
ADL independence poststroke is enhanced by task- and context-specific training and intensive
practice.!>3-38 Task-specific, goal-oriented and context-specific training facilitates motor
learning, suggesting that training of meaningful activities within a patients’ own environment
can improve functional recovery and ensure retention of acquired skills.'®3*3% Augmenting the
intensity of training in terms of frequency, duration and number of hours spent in goal-oriented,
progressive, task- and context-specific training may enhance mobility and independence in
ADL, at least during the first six months poststroke.!>37 Although there is little evidence to
guide the choice for an optimal intensity of training, there is some evidence for a dose-response
relationship.***> Hence, patients should be provided with as much scheduled therapy as
possible. Recently updated stroke guidelines currently advise three daily hours of task-specific
therapy, without specific recommendations for weekend therapy.*-*> Due to a lack of staff
resources and insufficient time of available staff, patients often do not receive recommended
amounts of task- and context-specific training.**** Guideline adherence is not expected to
improve with an increased demand for care and decreasing staffing levels in stroke
rehabilitation. As a result, patients spend most of their time being inactive and alone.>%-3?
Moreover, the length of inpatient stay after stroke is decreasing,’ while access to ongoing
rehabilitation therapies after discharge is often unavailable or delayed and insufficiently
intensive. 4 Cost-effective strategies to augment task- and context-specific training and
increase physical activity outside of scheduled face-to-face therapy are urgently needed. The
ESO recently suggested that increasing the amount of task-specific practice by at least 20
additional hours may improve activity capacity including walking.>*® Theoretically, group
therapy,> self-directed practice®® and performing exercises with an informal caregiver (i.e.,
CME)*’ are strategies that could increase time spent in task- and context-specific training
without substantially increasing human resources. In addition, telerehabilitation services can be
used as an adjunct to support home-based practice and CME.>® Telerehabilitation is broadly
defined as “the use of information and communication technologies (ICT) to deliver
rehabilitation services to people remotely in their homes or other environments”,” for the
purposes of screening, assessment, goal-setting, intervention, supervision/monitoring,
prevention, education, consultation, and/or counseling.’® Delivery of rehabilitation services

can be achieved using synchronous (real-time, such as videoconferencing), asynchronous
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(delayed delivery, such as messaging) or continuous formats (remote monitoring).6%-6!

Facilitating technologies such as robotics®? or virtual reality applications®® fall within the
definition of telerehabilitation if a connection or data flow is established between healthcare
provider and recipient (i.e., patient and/or caregiver) to deliver remote rehabilitation
services.*®%° Unfortunately, the evidence for the superiority of these interventions aimed at

augmenting the intensity of training, is still in debate.

Caregiver-mediated exercises

Training caregivers to become an exercise coach and perform CME may be a resource-efficient
strategy to augment task- and context-specific training. In addition, informal caregivers or
‘visitors’ can be strong facilitators of physical activity outside of scheduled therapy.®* We
define an informal caregiver as an unpaid or partially paid person who voluntarily helps an
impaired partner, family member, neighbour or friend with performing ADL. An early study
by Galvin et al. (2011) showed that training family members to provide additional exercise
therapy may result in improved community reintegration, decreased caregiver burden, and
better outcomes on both the impairment and activity level.’” In chapter 3, we will review and
summarize the available evidence for CME interventions after stroke, up to 2015. Subsequently,
we investigated the effect of a CME intervention combined with an e-health application with
exercise videos in two parallel trials conducted in the Netherlands and Australia.%>:% The CME
paradigm combined with e-health tools, was specifically developed to allow an ESD to the
home setting and augment training while limiting the need to increase the number of visits to
rehabilitation facilities. In contrast to the Australian population, patients in the Netherlands
often live relatively close to rehabilitation facilities. As a result, differences may exist in the
organization and processes of local healthcare services. In addition, differences in terms of
social, political and cultural norms with respect to the involvement of caregivers could exist.
This raises the question whether cross-cultural differences exist with respect to the applicability
and effectiveness of the CME paradigm in different countries and if adaptations are needed to
fit the local healthcare system and cultural context. In chapter 4, the results of an individual
patient data analysis are presented to compare differences across countries in terms of patient
and caregiver characteristics, compliance with the intervention protocol, usual exercise dose
and caregiver involvement, as well as processes of care such as length of inpatient stay, to

obtain insight into cross-cultural differences with respect to the observed treatment effects.
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Although differences may exist across countries, most patients who survive a stroke ultimately
return to their own home. It is estimated that 74% to 80% of these patients require support from
informal caregivers, usually a partner or family member.®”%® Acknowledging that informal
caregivers provide sustained support after discharge, they could be important allies in
promoting long-term physical activity in the community and providing task-specific training
after discharge from inpatient care. However, it is important to consider the impact of a CME
program on the informal caregiver and to carefully monitor any potential negative

consequences.

The impact on informal caregivers

Caregiving can have a significant negative impact on the psychosocial health of informal
caregivers. It is estimated that prevalence of high caregiver burden ranges from 25% to 54%
and continues for an indefinite period.®® Depression rates are approximately 30% to 52% among
informal caregivers of patients poststroke.'* A longitudinal cohort study showed that caregivers
experienced poorer psychological and emotional well-being when caring for a patient with
depressive symptoms, suggesting an interdependent effect between patient and caregiver well-
being.”® Poor family functioning, as perceived by caregivers, is associated with higher
depression rates.”! However, little is known about the perspective on family functioning of
patients poststroke and how they relate to the perception of their caregivers. Therefore, different
perspectives on family functioning in both patients and their caregivers poststroke is

investigated in chapter 5.

After discharge, professional support tapers off rapidly and family dynamics may change
because of altered roles and vice versa. The transition from inpatient care to informal and
community care is experienced as a significant hurdle and informal caregivers often feel
unprepared for providing care at home.>* Similar experiences are reported during the transition
from intensive ESD services to community and informal care.”> Active involvement of
caregivers in stroke rehabilitation and addressing their goals and support needs including
education and training, may therefore smoothen the transition between services.”> However, a
large number of face-to-face sessions with a therapist in a rehabilitation facility may not be
feasible for informal caregivers and remote intervention delivery via telephone or web-based

interventions have been suggested as a potentially beneficial alternative approach.”
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Blended care

Blended care interventions, which combine face-to-face treatment with telerehabilitation
support, may be a feasible and resource-efficient approach to support patient-caregiver dyads
during CME. In addition, blended care is a promising paradigm to support the transition from
professional face-to-face support to self-management in the community.”* Caregivers’ need for
professional support is highest during preparation for discharge and in the first few months of
adjustment at home,” suggesting that this may be the most appropriate phase for implementing
a CME program. A blended care approach offers opportunities for more tailored support, for
example by gradually reducing the frequency of face-to-face sessions and/or by shifting focus
to remote monitoring and feedback, to meet the changing needs of patient-caregiver dyads over
time. Furthermore, discharge from inpatient rehabilitation is often accompanied by a drastic
reduction in scheduled therapy and patients often adopt a sedentary lifestyle in the community.”®
A deterioration in mobility has been reported in varying proportions of 21%,"” 43%,”® to 60%7°
of patients during the late subacute and chronic phases poststroke. Physical inactivity’’ and
discontinuation of exercise therapy after discharge’® were associated with a greater risk of
deterioration. Engaging informal caregivers to motivate patients and promote physical activity

may therefore be essential to prevent deterioration of mobility.

Stroke rehabilitation trials aiming to increase the amount of task-specific training are often
conducted during inpatient rehabilitation, lack sufficient dosing combined with insufficient
treatment contrast and have generally achieved neutral results.*® Extending CME to the
community with support of telerehabilitation, in a period when professional support stops or
tapers off, may increase treatment contrast and improve long-term outcomes by preventing
deterioration of functional mobility. Moreover, involving caregivers in goal setting and task-
specific training, while monitoring their wellbeing, may improve the transition from inpatient
care to community and informal care. In chapter 6 and 7, a protocol and the results of a
randomized controlled trial (RCT) will be presented to study the effect of a CME program using
a blended care approach, in addition to usual care. Compared to previous CME trials, there is
an increased focus on joint goal setting and task- and context-specific practice during
preparation for discharge and in the community to increase motivation, stimulate self-
management and promote physical activity at home. Patient-caregiver dyads are supported by
a web-based telerehabilitation system with individualized goals, exercise videos and a

messaging environment to communicate (asynchronous) with their therapist. The training




Chapter 1

program was specifically developed to achieve important milestones for community

ambulation. Finally, in the general discussion, I will provide an overview of the results

presented in this thesis and discuss directions for future research (chapter 8).

REFERENCES

10.

16

. Veerbeek JM, van Wegen EEH, van Peppen RPS, Hendriks HIM, Rietberg MB, van der

Wees P, et al. [KNGF-guideline stroke]. 2™ ed. Amersfoort: Koninklijk Nederlands
Genootschap voor Fysiotherapie (KNGF); 2014. Section F, Mobilisatiefase; 26-48. Dutch.
Alt Murphy M, Munoz-Novoa M, Heremans C, Branscheidt M, Cabanas-Valdés R, Engelter
ST, et al. European stroke organisation (ESO) guideline on motor rehabilitation. Eur Stroke
J. 2025;10(4):1160-88.

Lutz BJ, Young ME, Cox KIJ, Martz C, Creasy KR. The crisis of stroke: experiences of
patients and their family caregivers. Top Stroke Rehabil. 2011;18(6):786-97.

Chen L, Xiao LD, Chamberlain D. An integrative review: Challenges and opportunities for
stroke survivors and caregivers in hospital to home transition care. J Adv Nurs. 2020;76(9):
2253-65.

Langhorne P, Baylan S, Early Supported Discharge Trialists. Early supported discharge
services for people with acute stroke. Cochrane Database Syst Rev. 2017;7(7):CD000443.
GBD 2021 Stroke Risk Factor Collaborators. Global, regional, and national burden of stroke
and its risk factors, 1990-2021: A systematic analysis for the global burden of disease study
2021. Lancet Neurol. 2024;23(10):973-1003.

Feigin VL, Owolabi MO, World Stroke Organization-Lancet Neurology Commission
Stroke Collaboration Group. Pragmatic solutions to reduce the global burden of stroke: A
World Stroke Organization-Lancet Neurology Commission. Lancet Neurol. 2023;22(12):
1160-206.

Wetenschappelijke Raad voor het Regeringsbeleid. [Choosing sustainable care. People,
resources and public support]. WRR-Rapport 104. Den Haag: WRR; 2021. Chapter 3.2,
Personele houdbaarheid; 94-108. Dutch.

VZinfo.nl (2025): https://www.vzinfo.nl/beroerte/zorguitgaven, Rijksinstituut voor
Volksgezondheid en Milieu: Bilthoven (accessed 16 October 2025).

World Health Organization. International classification of diseases for mortality and

morbidity statistics. 11 revision. Geneva: World Health Organization; 2018.



General introduction

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

World Health Organization. International classification of functioning, disability and health:
ICF. Geneva: World Health Organization; 2001.

Langhorne P, Coupar F, Pollock A. Motor recovery after stroke: a systematic review. Lancet
Neurol. 2009;8(8):741-54.

Patel AT, Duncan PW, Lai S, Studenski S. The relation between impairments and functional
outcomes poststroke. Arch Phys Med Rehabil. 2000;81(10):1357-63.

Miller EL, Murray L, Richards L, Zorowitz RD, Bakas T, Clark P, et al. Comprehensive
overview of nursing and interdisciplinary rehabilitation care of the stroke patient: A
scientific statement from the American heart association. Stroke. 2010;41(10):2402-48.
Kwakkel G, Kollen BJ. Predicting activities after stroke: What is clinically relevant? Int J
Stroke. 2012;8(1):25-32.

Kwakkel G, Stinear C, Essers B, Munoz-Novoa M, Branscheidt M, Cabanas-Valdés R, et
al. Motor rehabilitation after stroke: European Stroke Organisation (ESO) consensus-based
definition and guiding framework. Eur Stroke J. 2023;8(4):880-94.

van der Vliet R, Selles RW, Andrinopoulou E, Nijland RHM, Ribbers GM, Frens MA, et al.
Predicting upper limb motor impairment recovery after stroke: a mixture model. Ann
Neurol. 2020;87(3):383-93.

Millot S, Daghsen L, Checkouri T, Wittwer A, Valabregue R, Galanaud D, et al. Prediction
of upper limb motor recovery by the PREP2 algorithm in a nonselected population: External
validation and influence of cognitive syndromes. Neurorchabil Neural Repair.
2024;38(10):764-74.

Veerbeek JM, van Wegen EEH, Harmeling-van der Wel BC, Kwakkel G. Is accurate
prediction of gait in nonambulatory stroke patients possible within 72 hours poststroke? The
EPOS study. Neurorehabil Neural Repair. 2011;25(3):268-74.

Fulk GD, He Y, Boyne P, Dunning K. Predicting home and community walking activity
poststroke. Stroke. 2017;48(2):406-11.

Smith M, Barber AP, Scrivener BJ, Stinear CM. The TWIST tool predicts when patients
will recover independent walking after stroke: An observational study. Neurorehabil Neural
Repair. 2022;36(7):461-71.

Kennedy C, Bernhardt J, Churilov L, Collier JM, Ellery F, Rethnam V, et al. Factors
associated with time to independent walking recovery post-stroke. J Neurol Neurosurg
Psychiatry. 2021;92(7):702-8.




Chapter 1

23.

24.

25.

26.

27.
28.

29.

30.

31.

32.

33.

34.

35.

18

Veerbeek JM, Kwakkel G, van Wegen EEH, Ket JCF, Heymans MW. Early prediction of
outcome of activities of daily living after stroke: A systematic review. Stroke.
2011;42(5):1482-8.

Nylén MC, Abzhandadze T, Persson HC, Sunnerhagen KS. Prediction of long-term
functional outcome following different rehabilitation pathways after stroke unit discharge.
J Rehabil Med. 2024;56:jrm19458.

Fujita T, Sato A, Togashi Y, Kasahara R, Ohashi T, Tsuchiya K, et al. Identification of the
affected lower limb and unaffected side motor functions as determinants of activities of
daily living performance in stroke patients using partial correlation analysis. J Phys Ther
Sci. 2015;27(7):2217-20.

Harris JE, Eng JJ. Goal priorities identified through client-centred measurement in
individuals with chronic stroke. Physiother Can. 2004;56(3):171-6.

Dobkin BH. Rehabilitation after stroke. N Engl J Med. 2005;352(16):1677-84.

Rafsten L, Sunnerhagen KS. Patient-centered goal setting in very early supported discharge
with continued rehabilitation after stroke. Disabil Rehabil. 2022;45(23):3869-74.

Portelli R, Lowe D, Irwin P, Pearson M, Rudd A. Institutionalization after stroke. Clin
Rehabil. 2005;19(1):97-108.

Fisher RJ, Gaynor C, Kerr M, Langhorne P, Anderson C, Bautz-Holter E, et al. A consensus
on stroke: Early supported discharge. Stroke. 2011;42(5):1392-7.

Preston E, Ada L, Stanton R, Mahendran N, Dean CM. Prediction of independent walking
in people who are nonambulatory early after stroke: A systematic review. Stroke.
2021;52(10):3217-24.

Lord SE, McPherson K, McNaughton HK, Rochester L, Weatherall M. Community
ambulation after stroke: How important and obtainable is it and what measures appear
predictive? Arch Phys Med Rehabil. 2004;85(2):234-9.

Barclay RE, Stevenson TJ, Poluha W, Ripat J, Nett C, Srikesavan CS. Interventions for
improving community ambulation in individuals with stroke. Cochrane Database Syst Rev.
2015;2015(3):CD010200.

Langhorne P, Bernhardt J, Kwakkel G. Stroke rehabilitation. Lancet. 2011;377(9778):1693-
702.

Eng JJ, Tang PF. Gait training strategies to optimize walking ability in people with stroke:
A synthesis of the evidence. Expert Rev Neurother. 2007;7(10):1417-36.



General introduction

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

French B, Thomas LH, Coupe J, McMahon NE, Connell L, Harrison J, et al. Repetitive task
training for improving functional ability after stroke. Cochrane Database Syst Rev.
2016;2016(11):CD006073.

Veerbeek JM, Koolstra M, Ket JCF, van Wegen EEH, Kwakkel G. Effects of augmented
exercise therapy on outcome of gait and gait-related activities in the first 6 months after
stroke: A meta-analysis. Stroke. 2011;42(11):3311-5.

Winstein CJ, Stein J, Arena R, Bates B, Cherney LR, Cramer SC, et al. Guidelines for adult
stroke rehabilitation and recovery. Stroke. 2016;47(6):€98-¢169.

Maier M, Ballester BR, Verschure PFMJ. Principles of neurorehabilitation after stroke
based on motor learning and brain plasticity mechanisms. Front Syst Neurosci. 2019;13:74.
Clark B, Whitall J, Kwakkel G, Mehrholz J, Ewings S, Burridge J. The effect of time spent
in rehabilitation on activity limitation and impairment after stroke. Cochrane Database Syst
Rev. 2021;2021(10):CD012612.

Lohse KR, Lang CE, Boyd LA. Is more better? Using metadata to explore dose-response
relationships in stroke rehabilitation. Stroke. 2014;45(7):2053-8.

Winstein C, Kim B, Kim S, Martinez C, Schweighofer N. Dosage matters. Stroke.
2019;50(7):1831-7.

National Institute for Health and Care Excellence. Stroke rehabilitation in adults. NG236.
London: National Institute for Health and Care Excellence (NICE); 2023.
https://www.nice.org.uk/guidance/ng236 (accessed 26 September 2025).

Stroke Foundation. Clinical Guidelines for Stroke Management. Version 10.1. Melbourne:
Stroke Foundation; 2023. https://app.magicapp.org/#/guideline/Kj2R8j (accessed 26
September 2025).

Teasell R, Salbach NM, Foley N, Mountain A, Cameron JI, de Jong A, et al. Canadian stroke
best practice recommendations: Rehabilitation, recovery, and community participation
following stroke. 6™ edition, update 2019. Part one, Rehabilitation and recovery following
stroke. Int J Stroke. 2020;15(7):763-88.

Clarke DJ, Burton L, Tyson SF, Rodgers H, Drummond A, Palmer R, et al. Why do stroke
survivors not receive recommended amounts of active therapy? Findings from the ReAcT
study, a mixed-methods case-study evaluation in eight stroke units. Clin Rehabil.
2018;32(8):1119-32.

Foley N, McClure AJ, Meyer M, Salter K, Bureau Y, Teasell R. Inpatient rehabilitation
following stroke: amount of therapy received and associations with functional recovery.
Disabil Rehabil. 2012;34(25):2132-8.



Chapter 1

48.

49.

50.

51,

52.

53.

54.

55.

56.

57.

58.

59.

20

Otterman NM, van der Wees PJ, Bernhardt J, Kwakkel G. Physical therapists’ guideline
adherence on early mobilization and intensity of practice at Dutch acute stroke units: A
country-wide survey. Stroke. 2012;43(9):2395-401.

Gittins M, Lugo-Palacios D, Vail A, Bowen A, Paley L, Bray B, et al. Delivery, dose,
outcomes and resource use of stroke therapy: the SSNAPIEST observational study.
HS&DR. 2020;8(17):1-114.

Bernhardt J, Dewey H, Thrift A, Donnan G. Inactive and alone. Stroke. 2004;35(4):1005-
9.

Janssen H, Ada L, Bernhardt J, McElduff P, Pollack M, Nilsson M, et al. Physical, cognitive
and social activity levels of stroke patients undergoing rehabilitation within a mixed
rehabilitation unit. Clin Rehabil. 2014;28(1):91-101.

Lacroix J, Daviet J, Borel B, Kammoun B, Salle J, Mandigout S. Physical activity level
among stroke patients hospitalized in a rehabilitation unit. PM&R. 2015;8(2):97-104.
Stevens E, Emmett E, Wang Y, McKevitt C, Wolfe C. The Burden of Stroke in Europe.
Brussels: Stroke Alliance for Europe (SAFE); 2017. http://strokeeurope.eu/ (accessed 20
February 2026).

Young BM, Holman EA, Cramer SC, STRONG Study Investigators. Rehabilitation therapy
doses are low after stroke and predicted by clinical factors. Stroke. 2023;54(3):831-9.
English C, Hillier SL, Lynch EA. Circuit class therapy for improving mobility after stroke.
Cochrane Database Syst Rev. 2017;2017(6):CD007513.

Everard G, Luc A, Doumas I, Ajana K, Stoquart G, Edwards MG, et al. Self-rehabilitation
for post-stroke motor function and activity - A systematic review and meta-analysis.
Neurorehabil Neural Repair. 2021;35(12):1043-58.

Galvin R, Cusack T, O’Grady E, Murphy TB, Stokes E. Family-mediated exercise
intervention (FAME): Evaluation of a novel form of exercise delivery after stroke. Stroke.
2011;42(3):681-6.

Laver KE, Adey-Wakeling Z, Crotty M, Lannin NA, George S, Sherrington C.
Telerehabilitation  services  for  stroke. = Cochrane  Database = Syst  Rew.
2020;2020(1):CD010255.

Brennan DM, Mawson S, Brownsell S. Telerehabilitation: enabling the remote delivery of
healthcare, rehabilitation, and self-management. Stud Health Technol Inform.

2009;145:231-48.



General introduction

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

Hill AJ, Stangenberg-Gliss K, Aytiir YK, Enderby P, Auger C, Gamal A, Leochico CF.
Reaching a consensus on the definition of telerehabilitation: World Federation of
Neurorehabilitation Telerehabilitation Special Interest Group. Int J Telerehabil.
2025;17(1):6708.

English C, Ceravolo MG, Dorsch S, Drummond A, Gandhi DB, Halliday Green J, et al.
Telehealth for rehabilitation and recovery after stroke: State of the evidence and future
directions. Int J Stroke. 2022;17(5):487-93.

De Iaco L, Veerbeek JM, Ket JCF, Kwakkel G. Upper limb robots for recovery of motor
arm function in patients with stroke: A systematic review and meta-
analysis. Neurology. 2024;103(2):¢209495.

Laver KE, Lange B, George S, Deutsch JE, Saposnik G, Chapman M, et al. Virtual reality
for stroke rehabilitation. Cochrane Database Syst Rev. 2025;2025(6):CD008349.

Janssen H, Bird M, Luker J, Mccluskey A, Blennerhassett J, Ada L, et al. Stroke survivors’
perceptions of the factors that influence engagement in activity outside dedicated therapy
sessions in a rehabilitation unit: A qualitative study. Clin Rehabil. 2022;36(6):822-30.

van den Berg M, Crotty M, Liu E, Killington M, Kwakkel G, van Wegen EEH. Early
supported discharge by caregiver-mediated exercises and e-health support after stroke: A
proof-of-concept trial. Stroke. 2016;47(7):1885-92.

Vloothuis JDM, Mulder M, Nijland RHM, Goedhart QS, Konijnenbelt M, Mulder H, et al.
Caregiver-mediated exercises with e-health support for early supported discharge after
stroke (CARE4STROKE): A randomized controlled trial. PLoS ONE.
2019;14(4):e0214241.

Dewey HM, Thrift AG, Mihalopoulos C, Carter R, Macdonell RAL, Mcneil JJ, et al.
Informal care for stroke survivors: Results from the North East Melbourne stroke incidence
study (NEMESIS). Stroke. 2002;33(4):1028-33.

Oliva-Moreno J, Pena-Longobardo LM, Mar J, Masjuan J, Soulard S, Gonzalez-Rojas N,
et al. Determinants of informal care, burden, and risk of burnout in caregivers of stroke
survivors. Stroke. 2018;49(1):140-6.

Rigby H, Gubitz G, Phillips S. A systematic review of caregiver burden following stroke.
Int J Stroke. 2009;4(4):285-92.

Cameron JI, Cheung AM, Streiner DL, Coyte PC, Stewart DE. Stroke survivor depressive
symptoms are associated with family caregiver depression during the first 2 years

poststroke. Stroke, 2011;42(2):302-6.

21



Chapter 1

71.

72.

73.

74.

75.

76.

71.

78.

79.

22

Epstein-Lubow G, Beevers C, Bishop D, Miller 1. Family functioning is associated with
depressive symptoms in caregivers of acute stroke survivors. Arch Phys Med Rehabil.
2009;90(6):947-55.

Cobley CS, Fisher RJ, Chouliara N, Kerr M, Walker MF. A qualitative study exploring
patients’ and carers’ experiences of early supported discharge services after stroke. Clin
Rehabil. 2013;27(8):750-7.

Bakas T, McCarthy MJ, Miller EL. Systematic review of the evidence for stroke family
caregiver and dyad interventions. Stroke. 2022;53(6):2093-102.

Brouns B, Meesters JJL, Wentink MM, de Kloet AJ, Arwert HJ, Vlieland TPM, et al. Why
the uptake of eRehabilitation programs in stroke care is so difficult - a focus group study in
the Netherlands. Implement Sci. 2018;13(1):133.

Cameron JI, Naglie G, Silver FL, Gignac MAM. Stroke family caregivers’ support needs
change across the care continuum: A qualitative study using the timing it right framework.
Disabil Rehabil. 2013;35(4), 315-24.

English C, Manns PJ, Tucak C, Bernhardt J. Physical activity and sedentary behaviors in
people with stroke living in the community: A systematic review. Phys Ther.
2014;94(2):185-96.

van de Port IGL, Kwakkel G, van Wijk I, Lindeman E. Susceptibility to deterioration of
mobility long-term after stroke: A prospective cohort. Stroke. 2006;37(1):167-71.

Paolucci S, Grasso MG, Antonucci G, Bragoni M, Troisi E, Morelli D, et al. Mobility status
after inpatient stroke rehabilitation: 1-Year follow-up and prognostic factors. Arch Phys
Med Rehabil. 2001;82(1):2-8.

Buvarp D, Rafsten L, Sunnerhagen KS. Predicting longitudinal progression in functional

mobility after stroke. A prospective cohort study. Stroke. 2020;51(7):2179-87.



General introduction

23






Prospectively classifying community walkers after

stroke: Who are they?

Marijn Mulder

Rinske H.M. Nijland
Ingrid G.L. van de Port
Erwin E.H. van Wegen
Gert Kwakkel

Archives of Physical Medicine and Rehabilitation 2019; 100(11):2113-2118



Chapter 2

ABSTRACT

Objective: To classify patients with stroke into subgroups based on their characteristics at the
moment of discharge from inpatient rehabilitation in order to predict community ambulation
outcome 6 months later.

Design: Prospective cohort study with a baseline measurement at discharge from inpatient care
and final outcome determined after 6 months.

Setting: Community.

Participants: A cohort of patients (NZ243) with stroke, referred for outpatient physical
therapy, after completing inpatient rehabilitation in The Netherlands.

Interventions: Not applicable.

Main Outcome Measures: A classification model was developed using Classification And
Regression Tree (CART) analysis. Final outcome was determined using the community
ambulation questionnaire. Potential baseline predictors included patient demographics, stroke
characteristics, use of assistive devices, comfortable gait speed, balance, strength, motivation,
falls efficacy, anxiety, and depression.

Results: The CART model accurately predicted independent community ambulation in 181 of
193 patients with stroke, based on a comfortable gait speed at discharge of 0.5 meters per second
or faster. In contrast, 27 of 50 patients with gait speeds below 0.5 meters per second were
correctly predicted to become noncommunity walkers.

Conclusions: We show that comfortable gait speed is a key factor in the prognosis of
community ambulation outcome. The CART model may support clinicians in organizing

community services at the moment of discharge from inpatient care.
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INTRODUCTION

Stroke care is shifting from inpatient services towards community-based rehabilitation, and
there is an increase in the number of trials focusing on community ambulation."> Community
ambulation is a complex concept that refers to activities as well as social participation,?
according to the International Classification of Functioning, Disability and Health.* It can be
defined as “in-dependent mobility outside the home, which includes the ability to confidently
negotiate uneven terrain, private venues, shopping centres, and other public venues.” ®236)
Currently, however, no uniform definition or method of measuring community ambulation
exists. Although being able to go outside is perceived as very important by most home-dwelling
stroke survivors,>® only 50% to 74% are actually walking independently in the community.>”
° Persons who survived a stroke and are discharged home after inpatient rehabilitation are often

dependent on others for community ambulation.>%*°

Cobhort studies that aim to predict independent community ambulation poststroke are needed to
guide clinicians in organizing community services. These studies should meet recommended

guidelines for conducting observational studies and prognostic modeling.!®!!

Community
ambulation involves going outside to participate and resume roles that are crucial for
community reintegration. Psychosocial functioning could have an important effect on
participation and consequently on community ambulation poststroke,"!'> whereas balance

13:13-15 and gait speed’%!>1416 have been claimed as crucial determinants for community

contro
ambulation in cross-sectional studies. In a study among a cohort of community-dwelling
persons with stroke, higher age, less physical activity, and poorer functional mobility predicted
limited mobility (<0.8 m/s) 1 year after inpatient care.!” Unfortunately, cohort studies
examining factors that predict community ambulation after inpatient care have been scarce'3-2
and difficult to compare, due to heterogeneity in the definition and measurement of community
ambulation. In addition, most of the available studies were compromised by a small sample

size'®1? or did not consider physical functioning.'20

The main objective of the present study was to classify patients with stroke into subgroups
based on their characteristics at the moment of discharge from inpatient rehabilitation, in order
to predict community ambulation 6 months later. We hypothesized that comfortable gait speed
at discharge could predict community ambulation outcome. Additionally, we hypothesized that

psychosocial functioning, balance control, lower extremity strength, and the use of assistive
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devices could promote or restrict community ambulation outcome in patients with lower gait

speeds at discharge.

METHODS

For the purpose of this prospective cohort study, data from the FIT-Stroke trial were analyzed.?!
A detailed trial description has been published earlier.?? Potential predictors were measured at
discharge from inpatient care (baseline). Community ambulation outcome was derived from the

final follow-up assessment, 6 months after discharge.

Participants

The FIT-Stroke cohort consists of community-dwelling patients with stroke, referred for
outpatient physical therapy after completing inpatient care. Patients were recruited between
June 2008 and December 2010, from 9 rehabilitation centres in The Netherlands. Inclusion
criteria were: verified stroke, having been discharged home, being able to walk 10 meters
without physical assistance (Functional Ambulation Category 2>3), and requiring outpatient
physical therapy to improve walking ability and physical fitness. Exclusion criteria were: severe
cognitive deficits (Mini-Mental State Examination <24 points), inability to communicate
(Utrechts Communicatie Onderzoek item 19 <4 points), or large travel distance between the
rehabilitation centre and the person’s home (>30 km). The medical ethics committee of the
University Medical Centre Utrecht approved the trial protocol, and all participants gave their
informed consent. Reporting in this cohort study follows the STROBE statement.!°

Dependent variable

Final outcome was assessed with the Community Ambulation Questionnaire (CAQ).> The CAQ
measures self-reported levels of unassisted ambulation outside the home. Unassisted
ambulation refers to independent ambulation, without physical assistance or supervision.
According to this questionnaire, patients can be classified as (1) unable to walk outside
unassisted; (2) only ambulant around the house (e.g., as far as the letterbox); (3) ambulation in
the immediate environment (e.g., around the block); or (4) independent community ambulation
(e.g., to visit a friend or shop). Patients in categories 1 to 3 were classified as noncommunity

walkers, and patients in category 4 were classified as community walkers, in line with earlier
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studies.>8%:13.16

Independent variables

Patient demographics, stroke characteristics, physical and psychosocial functioning were
considered as potential baseline predictors, on the basis of literature and clinical judgment. A

22 Patient

detailed description of predictor assessment has been published previously.
demographics and stroke characteristics included sex, age, type of stroke (haemorrhagic or
ischemic), history of stroke and time between stroke onset and discharge (wk). Physical
predictors included: comfortable gait speed (5-meter timed walk),?? standing balance (Timed
Balance Test)** and strength and range of motion of the paretic leg (Motricity Index).?* The use
of orthotics (yes or no) and walking devices (yes or no) outside was also included. Comfortable
gait speed was assessed over a practical distance of 5 meters. A previous study suggested that
comfortable speed assessment is not affected by the choice of a 5- or 10-meter distance
poststroke.”® The mean speed (meters per second) was calculated over 3 repetitions.
Psychosocial predictors included: motivation to walk in the community (self-report),’ balance
self-efficacy (Falls Efficacy Scale),”” and anxiety and depression (Hospital Anxiety and
Depression Scale).?® Finally, to limit potential bias from treatment, intervention allocation was
also included. To correct for collinearity, independent variables were removed if correlation

coefficients (Spearman or Pearson r) were 0.70 or higher.?

Statistical analyses

A classification model was developed using Classification And Regression Tree (CART)
analysis. CART is based on a binary recursive partitioning strategy.® The sample is stratified
(partitioning) into 2 homogeneous subgroups (binary), with respect to the dependent variable.
CART uses a forward approach to select the independent variable and associated cut-off value
that results in the most effective split. The most effective split is determined by improvement
in the Gini Index, a measure of homogeneity within and heterogeneity between subgroups.’!
This process of splitting is repeated (recursive) until patients within subgroups have a similar
endpoint (Gini Index < 0.01) or until the subgroups are too small to allow further splitting
(growth limit <5 patients).3’ Patients with a missing value on the most effective splitting
variable are classified using the most appropriate surrogate variable (i.e., the most similar

alternative splitting variable). Model performance was investigated by calculating the
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specificity, sensitivity, positive predictive value, negative predictive value, and overall
accuracy, with their 95% confidence intervals (CIs). A 10-fold cross-validation procedure was
applied to calculate the adjusted overall accuracy. In 10-fold cross-validation, a sample is
randomly divided into 10 subsets, with 1 subset being treated as a validation set and the
remaining subsets being used to train the model. This procedure is repeated for every subset,
and the average misclassification error is calculated to provide a model performance statistic.
Finally, to prevent over-fitting to our data an automatic pruning procedure was applied to select
the most robust and stable model. Pruning was based on a maximum allowable difference of 1
standard error between the pruned tree and the full tree (with the smallest risk).’*3! Data

analyses were performed using IBM SPSS Statistics version 25.

RESULTS

The FIT-Stroke cohort consists of 250 community-dwelling patients with stroke. Final outcome
of community ambulation could be determined in 243 patients. There were no significant
differences between patients who completed the CAQ and those who were lost to follow-up
(n=7), with the exception of higher Cumulative Illness Rating Scale scores among those lost to
follow-up. During the baseline assessments, the average time after stroke was 3 months, and
most patients lived in an urban environment (89.7%) together with a partner or caregiver
(82.3%). At the final outcome assessment, a total of 193 patients (79.4%) reported that they
were able to walk to shops and friends without assistance and were classified as community
walkers. The remaining patients were unable to walk outside unassisted (n=25) or were only
ambulant in the immediate environment (n=25) and were classified as noncommunity walkers.
A baseline description of community walkers and noncommunity walkers is presented in Table
2.1. Significant baseline differences between community and noncommunity walkers were
observed for all of the physical predictors. In contrast, balance self-efficacy was the only
psychosocial predictor that differed significantly between the 2 groups. Most patients in both
classes of the dependent variable reported that community ambulation was very important to

them.
The CART model is presented in Figure 2.1. Collinearity diagnostics showed no cause for

concern. Comfortable gait speed was the best predictor of community ambulation, with faster

speed corresponding to a higher probability of achieving community ambulation.
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Table 2.1. Baseline description of the sample

Independent variables Community Noncommunity p-value

Walkers Walkers

(n=193) (n=50)
Allocated to intervention, n (%) 104 (53.9) 21 (42.0) 134
Women, n (%)* 60 (31.1) 25 (50.0) .012*
Age, mean + SD 57.0£10.3 57.6+£10.2 .684
Ischemic stroke, n (%) 157 (81.3) 41 (82.0) 916
Time poststroke in wk, median (IQR)* 12 (8-16) 17 (14-23) .001y
Recurrent stroke, n (%) 169 (87.6) 45 (90.0) .831
Motivation: very important, n (%) 172 (89.1) 46 (92.0) .550
Walking device use outside, n (%)** 95 (49.2) 45 (90.0) <.001**
Orthotics use outside, n (%)~ 56 (29.0) 32 (64.0) <.001**
Comfortable gait speed in m/s (5SMTW), mean + SD** 0.89+0.29 0.49+0.24 <.001**
Standing balance (TBT), median (IQR)** 4 (3-5) 3(2-3) <.001**
Strength paretic leg (Ml), median (IQR) ** 75 (58-83) 51 (42-75) <.001**
Balance self-efficacy (FES), median (IQR)** 103 (87-115) 85 (74-101) <.001**
Anxiety (HADS), median (IQR) 3 (1-6) 4(2-7) A1
Depression (HADS), median (IQR) 4 (2-7) 5(3-8) .216

Abbreviations: SMTW = 5-Meter Timed Walk; FES = Falls Efficacy Scale; HADS = Hospital Anxiety and Depression
Scale; IQR = Interquartile Range; MI = Motricity Index; TBT = Timed Balance Test. * p < 0.05; ** p < 0.01.

CART classified patients into 3 subgroups according to their comfortable gait speed: those with
gait speeds below 0.5 meters per second, those with gait speeds ranging from 0.5 to 0.8 meters
per second and those with gait speeds above 0.8 meters per second. Patients with gait speeds
below 0.5 meters per second were further classified according to the strength and range of
motion of their affected leg. Those with a Motricity Index leg score above 45 points were more
likely to regain independent gait in the community (47.6%) compared to those with lower

Motricity Index leg scores. The predicted probability that patients with gait speeds ranging from

31



"sI9Y[EAA AHUNWWOOUON = AMDN ‘SI8Y[BA AJUNWWOD = AD :SUOHEIABIQAY

“uoney|iqeya.

juanedur Jaye syjuow g uoienque Ayunwwod Bunoipaid Joy 8aJ} uonesuissel) *L°z ainbi4

Chapter 2

(0-91) 6€ 1ejoL (1-81) v 1ejoL
(0-1¥) 91 MON (1-6) ¥ MON
(0-69) €2 M2 (6-06) OF M2 apou uoisinaq _H_
(%) N Kiobajed %) N oBajen
dnoiBgns |euly apou [eulwe | D
SHAAM | < SNeaM | 5 ajdwes a}a|dwoo apou J00y _H_
ajoJ)s ysod awij|
A ejol (z-¥€) €8 lejoL (9:8) L2 1ejoL (7-2) 81 lejol
(-2 € MON (1-¥2) 02 MON (#-29) L1 MON (6-88) 91 MON
(5-26) 811 MD (6-G2) €9 MO (9-2%) 0L MO (1-11) 2 MO
(%) N KioBajen (%) N KioBaje (%) N Kiobaje (%) N Kiobajen
S/w 80 < S/Wwg0—S0 sjuiod gp < sjuod Gy s
paads jilen Ba] anyased xapuj L0130
(0-¥8) ¥0Z lejol (0-91) 6€ lejol
| (e-11) €2 MON (2-69) L2 MON
(2-88) 181 M2 (8-0¢) ZL M2
(%) N KioBajen (%) N KioBajen
SW G0z paads jen S/W G0 >
(0-001) €72 1ejoL
(9-02) 05 MON
(7-62) €61 MO
(%) N Kiobajen

32



Prospectively classifying community walkers after stroke

0.5 to 0.8 meters per second would become community walkers was 90.9% if they achieved
this speed within 14 weeks after stroke onset. The predicted probability of becoming
community walkers was lower in patients achieving this beyond this time frame (59.0%).
Patients with gait speeds beyond 0.8 meters per second were predicted to become community
walkers with a probability of 97.5%. The other independent variables were not selected by
CART. Subsequently, an automatic pruning procedure was applied. The pruned tree is
presented in Figure 2.2. The pruned tree shows that comfortable gait speed, at a cut-off value

of 0.5 meters per second, was the most robust predictor of community ambulation outcome.

Category N (%)

W 193 (79-4)
NCW 50 (20-6)
Total 243 (100-0)

<0.5m/s Gait speed 20.5m/s
Category N (%) Category N (%)
cw 12 (30-8) cw 181 (88-7)
NCW 27 (69-2) NCW 23 (11-3)
Total 39 (16-0) Total 204 (84-0)

:] Root node complete sample
|:| Terminal node final subgroup

I:I Decision node

Figure 2.2. Classification tree after automatic pruning.
Abbreviations: CW = Community Walkers; NCW = Noncommunity Walkers.

Finally, model performance of the pruned tree was investigated, and outcomes are presented in
Table 2.2. The CART model accurately predicted independent community ambulation in 181
of 193 patients with stroke (sensitivity 94%, CI 89-97) and 27 of 50 were correctly predicted to
become noncommunity walkers (specificity 54%, CI 39-68). Overall accuracy of our model
was 86% (i.e., misclassification risk 14%). Cross-validation of the CART model resulted in an

adjusted overall accuracy of 79% (i.e., misclassification risk 21%).
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Table 2.2. Model performance of the pruned classification tree

Model performance Value 95% ClI

Sensitivity 0.94 0.89-0.97
Specificity 0.54 0.39-0.68
Positive predictive value 0.89 0.85-0.91
Negative predictive value 0.69 0.55-0.81
Overall accuracy 0.86 0.81-0.90

Abbreviations: Cl = Confidence Interval.

DISCUSSION

To the best of our knowledge, this is the first prospective cohort study using CART analysis to
predict community ambulation after inpatient care. In addition, it is the first large cohort study
to investigate physical and psychosocial predictors of community ambulation outcome
poststroke. We found that comfortable gait speed was a key factor predicting community
ambulation outcome. This strengthens earlier findings that clinically meaningful improvements
in gait speed are closely associated with increased participation after stroke®? and further
emphasizes that gait speed is an important variable of outcome for estimating the effect of stroke

rehabilitation.?3?

There has been some debate about the use of gait speed to discriminate between community
walkers and noncommunity walkers.>!3151¢ However, longitudinal studies investigating the
ability of gait speed to predict community ambulation have thus far been scarce.!” We show
that faster comfortable gait speeds at baseline are associated with an increased probability of
achieving independent community ambulation. Community ambulation was best predicted by
a cut-off value for gait speed of 0.5 meters per second at the time of discharge from inpatient
care. This cut-off value is in line with the findings of a small cohort study that explored the
prognostic value of gait speed by simple Mann-Whitney tests.'? Patients with speeds above this

cut-off value benefit most from outpatient physical therapy in terms of independent community
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ambulation, although improvements are probably more likely when outpatient rehabilitation is

initiated earlier poststroke.

It is particularly difficult to classify patients with gait speeds below 0.5 meters per second,
suggesting that additional variables may predict community ambulation in these patients.?
CART analysis allows differences between population subgroups to be considered, while
regression modelling is biased towards the average member of a population. Nevertheless, a
considerable proportion (30.8%) of patients with comfortable gait speeds below 0.5 meters per
second, were incorrectly classified as noncommunity walkers. Our findings show that, within
this population subgroup, strength and range of motion of the paretic leg may help in identifying
those patients who are incorrectly classified as noncommunity walkers based on their gait speed
alone. However, the number of patients with lower physical functions within our sample is
insufficient to draw firm conclusions and this finding warrants further validation in a larger

sample to test its robustness.

Study limitations

Several limitations of our study should be addressed. First, the moment of discharge from
inpatient rehabilitation is determined by an arbitrary process and is often decided by non-
neurological factors such as availability of support in the community. On average, the clinical
measurements in our study were taken beyond the time window of spontaneous neurological
recovery,>* whereas an inception cohort that starts within the first days post-stroke is preferred
in prognostic studies. Second, the FIT-Stroke cohort represents a large sample recruited from 9
rehabilitation facilities, thus increasing the potential to generalize. However, the patients
presented with only mild physical, cognitive, and communicative problems. Moreover, all
patients were receiving outpatient physical therapy, with relatively high adherence to the
treatment programs.?! Therefore, these findings might not be generalizable to more severely
affected patients with stroke or to populations receiving lower treatment rates. Third, since
CART analysis employs a recursive partitioning strategy, the predictors towards the bottom of
the tree are less stable due to decreasing subgroup sizes. External validation of the CART model
is required to investigate its performance and stability in other samples. Fourth, some
potentially relevant predictors were not considered in the present study, such as walking
distance, ethnicity, and environmental characteristics. Gait speed and walking distance may be

equally relevant predictors of community ambulation poststroke.'>!'> However, walking
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distance, was not included to prevent issues of collinearity. Future cohort studies should focus
on identifying predictors for community ambulation outcome in different personal, social, and
physical environments. Finally, community ambulation outcome was assessed by self-report,
and patients were considered community walkers if they could walk to shops and friends
without help or supervision. Although this questionnaire has been commonly used in recent
studies, it may not capture the complex nature of community ambulation. Future studies should
focus on the development of a uniform definition and method of measuring community

ambulation poststroke.

CONCLUSIONS

The CART model may support clinicians in organizing community services at the moment of
discharge from inpatient care. We show that comfortable gait speed is a key factor for outcome

of community ambulation.
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Chapter 3

ABSTRACT

Background: Stroke is a major cause of long-term disability in adults. Several systematic
reviews have shown that a higher intensity of training can lead to better functional outcomes
after stroke. Currently, the resources in inpatient settings are not always sufficient and
innovative methods are necessary to meet these recommendations without increasing healthcare
costs. A resource-efficient method to augment intensity of training could be to involve
caregivers in exercise training. A caregiver-mediated exercise programme has the potential to
improve outcomes in terms of body function, activities, and participation in people with stroke.
In addition, caregivers are more actively involved in the rehabilitation process, which may
increase feelings of empowerment with reduced levels of caregiver burden and could facilitate
the transition from rehabilitation facility (in hospital, rehabilitation centre, or nursing home) to
home setting. As a consequence, length of stay might be reduced, and early supported discharge
could be enhanced.

Objectives: To determine if caregiver-mediated exercises (CME) improve functional ability
and health-related quality of life in people with stroke, and to determine the effect on caregiver
burden.

Search methods: We searched the Cochrane Stroke Group Trials Register (October 2015),
CENTRAL (the Cochrane Library, 2015, Issue 10), MEDLINE (1946 to October 2015),
Embase (1980 to December 2015), CINAHL (1982 to December 2015), SPORTDiscus (1985
to December 2015), three additional databases (two in October 2015, one in December 2015),
and six additional trial registers (October 2015). We also screened reference lists of relevant
publications and contacted authors in the field.

Selection criteria: Randomised controlled trials comparing CME to usual care, no intervention,
or another intervention as long as it was not caregiver-mediated, aimed at improving motor
function in people who have had a stroke.

Data collection and analysis: Two review authors independently selected trials. One review
author extracted data, and assessed quality and risk of bias, and a second review author cross-
checked these data and assessed quality. We determined the quality of the evidence using
GRADE. The small number of included studies limited the pre-planned analyses.

Main results: We included nine trials about CME, of which six trials with 333 patient-caregiver
couples were included in the meta-analysis. The small number of studies, participants, and a
variety of outcome measures rendered summarising and combining of data in meta-analysis

difficult. In addition, in some studies, CME was the only intervention (CME-core), whereas in
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other studies, caregivers provided another, existing intervention, such as constraint-induced
movement therapy. For trials in the latter category, it was difficult to separate the effects of
CME from the effects of the other intervention. We found no significant effect of CME on basic
ADL when pooling all trial data post intervention (4 studies; standardised mean difference
(SMD) 0.21, 95% confidence interval (CI) -0.02 to 0.44; p = 0.07; moderate-quality evidence)
or at follow-up (2 studies; mean difference (MD) 2.69, 95% CI -8.18 to 13.55; p = 0.63; low-
quality evidence). In addition, we found no significant effects of CME on extended ADL at post
intervention (two studies; SMD 0.07, 95% CI -0.21 to 0.35; p = 0.64; low-quality evidence) or
at follow-up (2 studies; SMD 0.11, 95% CI -0.17 to 0.39; p = 0.45; low-quality evidence).
Caregiver burden did not increase at the end of the intervention (2 studies; SMD -0.04, 95% CI
-0.45 to 0.37; p = 0.86; moderate-quality evidence) or at follow-up (1 study; MD 0.60, 95% CI
-0.71 to 1.91; p = 0.37; very low-quality evidence). At the end of intervention, CME
significantly improved the secondary outcomes of standing balance (3 studies; SMD 0.53, 95%
CI 0.19 to 0.87; p = 0.002; low-quality evidence) and quality of life (1 study; physical
functioning: MD 12.40, 95% CI 1.67 to 23.13; p = 0.02; mobility: MD 18.20, 95% CI 7.54 to
28.86; p = 0.0008; general recovery: MD 15.10, 95% CI 8.44 to 21.76; p < 0.00001; very low-
quality evidence). At follow-up, we found a significant effect in favour of CME for Six-Minute
Walking Test distance (1 study; MD 109.50 m, 95% CI 17.12 to 201.88; p = 0.02; very low-
quality evidence). We also found a significant effect in favour of the control group at the end
of intervention, regarding performance time on the Wolf Motor Function test (2 studies; MD -
1.72, 95% CI -2.23 to -1.21; p < 0.00001; low-quality evidence). We found no significant
effects for the other secondary outcomes (i.e. patient: motor impairment, upper limb function,
mood, fatigue, length of stay and adverse events; caregiver: mood and quality of life). In
contrast to the primary analysis, sensitivity analysis of CME-core showed a significant effect
of CME on basic ADL post intervention (2 studies; MD 9.45, 95% CI 2.11 to 16.78; p = 0.01;
moderate-quality evidence). The methodological quality of the included trials and variability in
interventions (e.g. content, timing, and duration), affected the validity and generalisability of
these observed results.

Authors’ conclusions: There is very low- to moderate-quality evidence that CME may be a
valuable intervention to augment the pallet of therapeutic options for stroke rehabilitation.
Included studies were small, heterogeneous, and some trials had an unclear or high risk of bias.

Future high-quality research should determine whether CME interventions are (cost-)effective.
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BACKGROUND

Description of the condition

Stroke is a major cause of long-term disability in adults with effects on activities of daily living
(ADL) and quality of life (QoL). Although most people leave the rehabilitation setting with
some level of independent walking, many have residual walking disabilities and it has been
reported that following rehabilitation, only 7% of stroke survivors can walk at a level
commensurate with community participation.! Twelve months after stroke about 28% of people
with stroke remain dependent in their basic ADLs, such as dressing, toileting, and indoor
mobility.? Pettersen and colleagues reported that 32% of people with stroke living at home after
three years were inactive in extended ADL.3 Any treatment that improves functional outcome

can potentially reduce the burden of this illness for the person, their caregivers, and society.

Description of the intervention

Several systematic reviews have shown that a higher intensity of training in terms of time spent
on exercise therapy can lead to better functional outcome in people with stroke in terms of ADL
and functional performance.*!! One resource-efficient method to increase intensity of training
could be to involve caregivers in exercise training.!> We define caregiver-mediated exercises
(CME) as the person with stroke performing exercises together with a caregiver under the
auspices of a physical or occupational therapist. “Under the auspices” means that the therapist
is involved as a coach by instructing both patient and caregiver on how to perform the exercises
and evaluating them on a regular basis. Hereby, the exercises are aimed at improving ADL

including mobility, such as making transfers, standing, and walking.

How the intervention might work

Performing exercises together with a caregiver has the potential to augment the intensity of
practice without increasing healthcare costs. This could improve outcomes in terms of body
functions, activities, and participation as well as cost-effectiveness in people with stroke. In
addition, caregivers are more actively involved in CME than in the usually applied
rehabilitation services, which may increase feelings of empowerment with reduced levels of

caregiver burden.'»'* CME could lead to a reduced length of inpatient stay or outpatient
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treatment in hospitals, rehabilitation, and nursing settings, and may improve outcomes in self-

management, empowerment, and QoL of patients and caregivers.

Why it is important to do this review

Several systematic reviews have indicated that additional exercise therapy and repetitive task
training have a significant, favourable effect on functional outcome after stroke, and concluded
that the more time spent on exercise therapy,>’*!? and the higher the number of repetitions, the
better the outcome.*¥!! Therefore, clinical guidelines recommend that people who are in a
rehabilitation setting should have the opportunity to train intensively.!"!>!7 For example, the
stroke guideline in the UK recommends a daily dose of 45 minutes of exercise therapy.'¢
Currently, the resources in inpatient settings are not sufficient to meet these recommendations.
Most people admitted to stroke units, rehabilitation wards, and nursing homes spend most of
their waking time during the working week inactive,'®2° and on weekends, rehabilitation
services (including exercise therapy) in most hospital and rehabilitation settings are not
available.?! Therefore, it is important to find innovative methods, such as CME, to enhance
intensity of training after stroke, without increasing costs. However, the caregiver taking the
role of a therapist (instead of a family role) may burden the caregiver with yet another task.??
Therefore, it is important to study the mood, burden, and QoL of caregivers when involving
them in CME systematically. No systematic review has yet been conducted to evaluate the
effect of caregiver participation in exercise training on functional outcome after stroke, or to

evaluate the effect on mood and burden of the caregiver when involved in CME.

OBJECTIVES

To determine if caregiver-mediated exercises (CME) improve functional ability and health-

related quality of life in people with stroke, and to determine the effect on caregiver burden.
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METHODS
Criteria for considering studies for this review

Types of studies

We included randomised controlled trials (RCTs), including cluster-RCTs. One group of the
trial must have received CME and we considered this group as the experimental group for this
review. The other (control) group could have received usual treatment, no treatment, or any
other type of rehabilitation intervention or attention-control as long as it was not caregiver-
mediated. We accepted usual treatment when it was described as usual care in the setting of the

participant.

Types of participants

People, at least 18 years old, who had had a stroke. Stroke is defined by the World Health
Organization as “a clinical syndrome typified by rapidly developing signs of focal or global
disturbance of cerebral functions, lasting more than 24 hours or leading to death, with no
apparent causes other than of vascular origin”.> We included RCTs regardless of timing after

stroke and setting.

Types of interventions

One group of the RCT must have included CME, whereas the caregiver involvement was not
explicitly asked for in the other group of the RCT. We included trials in which the patient and
their caregiver were trained or instructed together, as well as trials in which the caregiver was
trained or instructed alone. There was no limit to the number of sessions or to the frequency of
delivery. We included all types of exercises as long as they were aimed at improving patients’
abilities to perform daily activities. Therefore, we excluded RCTs of speech, swallowing, or
cognitive interventions done together with a caregiver. We defined a caregiver or carer as an
unpaid or partially paid person who voluntarily helped an impaired person with his or her ADL.
In other words, the mediated services were not applied by a professional in healthcare but in
most cases, someone who was close to the patient and voluntarily offered his or her services.
This may have been a partner, family member, or friend, but it can also have been a volunteer.

We argued that this person was ’not a professional’ such as a ’therapy assistant’. When a
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professional in health services applied the mediated exercises, we excluded the RCT. We
included interventions delivered at any location, for example at home, in hospital, or in a
rehabilitation setting. Because a caregiver can be the provider of an intervention, we did not
exclude trials that combined CME with an existing intervention. However, we did differentiate
between trials in which CME was the only intervention (CME-core) and trials in which a
caregiver was used to deliver another, existing intervention. We contacted trial authors when it

was unclear whether a trial met our definition.

Types of outcome measures

Primary outcomes

» Patient: basic ADL measures, such as the Barthel index (BI),?*?* Functional Independence
Measure (FIM),?® modified Rankin Scale (mRS);?”?® extended ADL measures, such as the
Nottingham Extended Activities of Daily Living (NEADL) Index,? or Frenchay Activities
Index (FAI).>® When found, we combined scales with the same construct.

= Caregiver: measures of burden, for example Caregiver Strain Index (CSI).>' When found,
we combined scales with the same construct.

When possible, we distinguished between caregivers who were family or friends and other types

of caregivers, such as volunteers, for the above-mentioned measures of outcome.

Secondary outcomes

* Measures of motor impairment: Motricity Index (MI),3? Fugl-Meyer Assessment (FMA).3>
35

= Qait and gait-related measures: walking speed, walking distance, Timed-Up-and-Go test

(TUG),?%37 Rivermead Mobility Index (RMI),*-40 Berg Balance Scale (BBS).*!-4

= Measures of upper limb activities or function, for example, Action Research Arm Test
(ARAT). 447
= Measures of mood and QoL of the patient, for example, measured by the Stroke Impact

Scale (SIS),*- and Hospital Anxiety and Depression Scale (HADS).> =>4

= Measures of fatigue of the patient, for example, measured by the Fatigue Severity Scale
(FSS).%
= Length of stay in hospital, rehabilitation centre, or nursing home, or treatment in an

outpatient clinic.
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= Adverse outcomes, for example, pain, injury, or falls. When possible, we compared the total
number of falls between groups, and the number of patients experiencing at least one fall
between groups.

= Caregiver: measures of mood and QoL, for example, HADS,'-** or CarerQoL.>¢>7

When we found scales measuring the same construct, we combined them. If studies reported
outcome measures other than the ones mentioned above, we verified if they measured the same
construct. If this was the case, we pooled them; if they did not measure the same construct, we

reported these outcomes separately.

Search methods for identification of studies

See the ‘Specialized register’ section in the Cochrane Stroke Group module. We searched for
trials in all languages and arranged translation of papers where necessary. Due to time
limitations, we were unable to perform the review within one year after the first search (April
2014). Therefore, it was necessary to update our search in October 2015. We used the same
search strategy but due to different availability of Information Specialists and providers of
databases, we adjusted the search strategies accordingly: Embase.com instead of Ovid/Embase,
and EBSCO/AMED instead of Ovid/AMED. We limited the update searches between 2014 and
2016.

Electronic searches

We searched the following databases and trials registers.

= Cochrane Stroke Group Trials Register (last searched October 2015).

= Cochrane Central Register of Controlled Trials (CENTRAL) (the Cochrane Library, 2015,
Issue 10).

= Cochrane Database of Systematic Reviews (CDSR) (the Cochrane Library, last searched
October 2015).

=  Cochrane Methodology Register (CMR) (the Cochrane Library, last searched October
2015).

= Database of Abstracts of Reviews of Effects (DARE) (the Cochrane Library, last searched
October 2015).

= Health Technology Assessment Database (HTA) (the Cochrane Library, last searched
October 2015).
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NHS Economic Evaluation Database (NHS EED) (the Cochrane Library, last searched
October 2015).

MEDLINE (Ovid) (from 1946 to October 2015).

Embase (Ovid from 1980 to April 2014 and Embase.com from 2014 to December 2015).
CINAHL (Cumulative Index of Nursing and Allied Health Literature) (EBSCO) (from 1982
to December 2015).

SPORTDiscus (EBSCO) (from 1985 to December 2015).

AMED (Alternative and Complementary Medicine) (Ovid from 1985 to April 2014 and
EBSCO from 1985 to December 2015).

Physiotherapy Evidence Database (PEDro) (from 1929 to October 2015)
(www.pedro.org.au/).

REHABDATA (from 1956 to October 2015) (www.naric.com/?q=en/REHABDATA).
ClinicalTrials.gov (www.clinicaltrials.gov/).

EU Clinical Trials Register (www.clinicaltrialsregister.eu).

Stroke Trials Registry (www.strokecenter.org/trials/).

Current Controlled Trials (www.controlled-trials.com).

World Health Organization (WHO) International Clinical Trials Registry Platform
(www.who.int/ictrp/en/).

Australian New Zealand Clinical Trials Registry (www.anzctr.org.au/).

We developed the MEDLINE search strategy with the help of the Cochrane Stroke Group Trials
Search Coordinator (Brenda Thomas) and adapted this for the other databases. The MEDLINE

search strategy is provided in Supplemental Table 3A. The other search strategies can be found

in the published article or can be obtained from the author.

Searching other resources

To identify further published, unpublished, and ongoing studies we:

Searched the reference lists of all included articles;
Contacted experts and authors in the field;
Used Science Citation Index Cited Reference Search for forward tracking of important

articles.
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Data collection and analysis
Selection of studies

Two review authors (JV, MM) independently screened the titles of records obtained from the
electronic searches and excluded obviously irrelevant studies. Subsequently, we screened the
remaining abstracts and excluded those that were irrelevant. Finally, we obtained the full-text
articles for the remaining studies, and the same two review authors selected studies for inclusion
in the review based on the inclusion criteria described previously. We resolved any
disagreement by discussion and, where necessary, in consultation with a third review author

(EVW).

Data extraction and management

Two review authors (JV, MM) conducted data extraction and reviewed risk of bias of the
eligible trials. The review authors were not blinded to study authors, journals, or outcomes. We
resolved any disagreement about risk of bias by discussion. If we could not reach consensus, a
third review author (EvW) made the final decision. One review author (JV) extracted data, and
a second review author (MM) cross-checked the extracted data using a standard checklist,
including randomisation method, study population, intervention methods and delivery, outcome

measures, and follow-up.

Assessment of risk of bias in included studies

We used the tool for assessing risk of bias in included RCTs as described in chapter 8 of the
Cochrane Handbook for Systematic Reviews of Interventions.’® We assessed allocation
(selection bias), blinding (performance and detection bias), incomplete outcome data (attrition
bias), selective reporting (reporting bias), and other potential sources of bias, such as
management of dropouts (no intention-to-treat analysis). We presented the results in risk of bias
tables. We provided our judgement (‘low risk’, ‘high risk’ or ‘unclear risk’) for each entry,
followed by a description of the judgement. We made our judgements transparent and used

comments or quotes when necessary.
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Measures of treatment effect

We extracted means and standard deviations (SDs) of postintervention scores and follow-up
scores. Where available, we also extracted means and SDs of change from baseline. For
continuous outcomes using similar measurement scales, we used the mean difference (MD)
with 95% confidence intervals (CIs). If similar outcomes were measured on different scales, we
used Hedges’ g, calculated the 95% CI and standard mean difference (SMD). We reported the
direction of the effect for every scale to align the treatment effects between outcome scales. For
scales in which a low score reflected a favourable outcome and a high score an unfavourable

outcome, we multiplied scores by -1. We used Review Manager 5 for all quantitative analyses.>

Unit of analysis issues

We took into account that studies can apply different randomisation methods, for example, at
the level of a participant or at the level of a group of participants (cluster randomisation). In
selected studies with multiple intervention groups, we made multiple pairwise comparisons
between all possible pairs of intervention groups. We made sure that participants were not

double counted in the analysis.

Dealing with missing data

If data were missing or were not in a form suitable for quantitative pooling, we contacted the

trial authors to request additional information.

Assessment of heterogeneity

We assessed the impact of heterogeneity in the meta-analysis for each outcome with the 12
statistic.’® When there was substantial statistical heterogeneity (12 greater than 50%) we used a

random-effects model, otherwise we used a fixed-effect model for meta-analysis.

Assessment of reporting biases

Because we identified fewer than 10 studies, we did not assess reporting bias by a funnel plot
in which effect estimates and precision (standard error) of individual RCTs are plotted, as we

had planned.
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Data synthesis

We performed a meta-analysis of the comparison CME versus control group (usual care, no
intervention, or any other intervention) where there were two or more RCTs with a low risk of
bias in which study population, intervention, and outcome measures were the same. We
determined the quality of evidence using GRADE levels of evidence. We included a summary
of findings table using the Cochrane template, and included the following seven outcomes:
ADL measures, burden of the caregiver, walking speed, walking distance, mood of the patient,
length of stay, and adverse events (falls) (see Supplemental Table 3B). For each outcome, we
included the number of participants, the overall quality of the evidence using GRADE levels of
evidence, the magnitude of the effect, a measure of burden of the outcome, and comments. ¢!
In the text and tables, we have systematically described those studies that could not be included
in the meta-analysis. In the same way, we systematically reported other outcome measures that
we could not include in a meta-analysis because they did not measure the same construct as our

predefined outcome measures. We used Review Manager 5 for the analyses.*

Subgroup analysis and investigation of heterogeneity

Where two or more studies per subgroup were available, we performed subgroup analysis for:

= Interventions with a higher dose of training in the intervention group than the control group
versus interventions with a same dose of training in intervention and control groups;

= Interventions within six months after stroke and interventions beyond six months after
stroke;

= Interventions aimed at the upper extremity and interventions aimed at the lower extremity.

Sensitivity analysis

A caregiver could be a provider of an existing intervention, for example constraint-induced
movement therapy (CIMT). We included trials investigating this form of CME. However, in
these trials, it was difficult to separate the effects of CME from the effects of the intervention.
In the other trials, CME itself was considered as the only intervention under study. Therefore,
we performed a sensitivity analysis in which only these trials were included (CME-core). A
priori, we did not plan this sensitivity analysis but decided afterwards to include this analysis

in light of the type of studies that we identified. In this sensitivity analysis, we also repeated the
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subgroup analyses. Where we applied a fixed-effect model, we subsequently applied a random-

effects model to assess the robustness of the results to the method used.

RESULTS
Description of studies

See characteristics of included studies, characteristics of excluded studies, and characteristics

of ongoing studies in Supplemental Tables 3C, 3D and 3E.

Results of the search

Through electronic searches we found 8107 citations. In addition, one potentially relevant trial
was already known to us, but not found through electronic searches.? After removing
duplicates, we screened 5640 citations. Based on screening of titles, we excluded 5201
obviously irrelevant studies and screened the remaining 439 abstracts. Subsequently, we
excluded 307 studies based on the abstract. Finally, we assessed 132 full-text articles or trial
registry entries for eligibility. After an extensive search, we still could not obtain full-text
articles for four studies.®*-%¢ We identified 11 relevant systematic reviews, which we screened
for trials.®”-”7 In total, we identified 46 potentially relevant trials. The results of the search are

summarised in Figure 3.1.

We were able to include nine trials for final analysis (see Supplemental Table 3C), and we

62,78-82

included six trials in the meta-analysis. We excluded three trials from the meta-analysis

because of poor methodological quality®384

or no reporting of required data (i.e. means or SDs,
or both, of outcome measures),®*3> or both. We had no success contacting the corresponding
authors to request the necessary data. We excluded 37 trials, 35 with reasons given in the
characteristics of excluded studies (see Supplemental Table 3D). Two trials are ongoing (see

Supplemental Table 3E).
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6653 records identified through
database searching:

= 1274 Cochrane trial register
= 374 Cochrane Library
databases

849 MEDLINE

1931 Embase

215 AMED

776 CINAHL

758 SPORTDiscus

404 Rehabdata

72 Pedro

1454 records identified through
database searching 2014 to
October/ December 2015:

= 278 Cochrane trial register
= 64 Cochrane Library
databases

64 MEDLINE

406 Embase

255 AMED

103 CINAHL

140 SPORTDiscus

= 65 Rehabdata

= 79 Pedro

*Search with no date restriction
(earlier found records are found
again)

1 additional record
identified through
othersources (already
known to us)

v

5640 records after
duplicates removed

5201 records excluded

based on titles

439 abstracts
screened

307 records excluded

A 4

based on abstract

132 full-text articles or
trial registry entries

assessed for eligibility

\ 4

eligible study

86 records excluded, with reasons:

= 34 non-randomized, no caregiver involved,
systematic reviews not of use

= 11 (systematic) reviews of use: 14 new
abstracts > excluded

= 37 additional records about a potentially

= 4 entries cannot be found

46 potentially eligible
studies

37 studies excluded:

A4

\4

studies table)

studies table)

= 2 ongoing trials (see Characteristics of ongoing

= 35 excluded (see Characteristics of excluded

9 included studies

= 6 studies included in quantitative synthesis (meta-analysis)
= 3 studies included in qualitative synthesis

Figure 3.1. Study flow diagram
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Included studies
Participants
Characteristics

In the nine included studies, 456 stroke survivors and their caregivers were randomised to CME
or control interventions. A total of 342 people with stroke-caregiver couples were included in
the six trials included in the meta-analysis. In these six trials, nine patient-caregiver couples
were not analysed according to intention-to-treat principles and no information about these
withdrawals was published. Therefore, we have presented information about 333 stroke
survivors and their caregivers (ranging from 18 to 156 patient-caregiver couples per trial) in the
meta-analysis. The mean age in all studies was around 60 years. The mean time since onset of
symptoms ranged from 15 days to 10 years. One trial did not report mean time since onset of
symptoms.®* Three studies defined inclusion or exclusion criteria for the caregiver, for example

CEINNT3

“willing to participate”, “medically stable and physically able”,®' “being defined as primary

caregivers”,%® and “caregivers were excluded if they were in poor physical health, had mental

or behavioural disorders”.®? Four studies described an inclusion criterion for the patient about

the caregiver: “live with family caregiver at home”,” “patients with family support”,®* “had a
caregiver who was prepared to be a non-professional coach (e.g., family member)”,”® and
“availability of a family member to supervise home exercises”.®* Two studies gave information

about the caregiver: “about 50% of the caregivers were nursing attendants”,?® and “majority

were patients’ spouse”.®?

Sample size

Five trials included fewer than 50 participants: 20 participants,®>’® 24 participants,®> 30
participants,®® and 40 participants.®' Four trials included more than 50 participants: 51

participants,® 55 participants,3® 60 participants,® and 156 participants.”

Interventions

The content of the training and the timing was different between trials. Details of each

intervention are summarised in Table 3.1. Two trials were aimed at the lower body,*>#! five at

78,79,83-85

the upper body, and two at both upper and lower body.?8? Four studies included
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patients within six months after stroke,’*3!.8384 three studies included patients beyond six

62.79.82 one study included patients from two months after stroke or later,’”®

months after stroke,
one study included patients if they had a stroke in the last 24 months.?* The task of the caregiver
ranged across trials from supervision, guidance, encouragement, to physical help. In four trials,
usual care continued, so CME were applied in addition to usual care.8%8183.84 The frequency,
duration, and session length differed between studies, with training frequencies ranging from
twice a week,%>%2 to every day,’®8! with a duration per session ranging from 30 minutes® to
three hours®, and a programme duration ranging from 14 days® to six months®?. In four trials,
patients had weekly contact with the supervising therapist.”*!"#3 Two trials planned two to four
sessions with a therapist.”®#° One trial had 10 sessions with a therapist in 22 days.®* One trial
consisted of four groups, the amount of contact with the therapist differed between trial
groups.®? The frequency and duration of one trial was not clearly reported.®* Three trials were
carried out at home,”®7%82 one trial was carried out in an inpatient setting,® three trials were
carried out when patients were inpatient, outpatient, or at home,*?8!%5 and two trials were
unclear about the location of the intervention.3*#* Two trials had more than one trial group. The
study by Agrawal (2013), which was not included in meta-analysis, had two experimental trial
groups with different duration of intervention (60 and 90 minutes, five days a week) and one
control group. Wall (1987) had two intervention groups (CME, CME plus physiotherapy) and
two control groups (physiotherapy, no intervention). We decided to combine the intervention
groups and the control groups into one comparison because of the small total number of

participants (20).
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Compliance

Five studies recorded compliance: “frequency of training and tasks completed was recorded”,
“the amount of training was noted in a diary by patients’ families”,”® “compliance with therapy
time was documented through the use of an exercise diary, in which the number of exercises

completed and time taken to complete the exercises were recorded daily”,?! “a log sheet per

participant to record the total number of minutes completed per day”,%3 and “compliance was
assessed in all participants via a form (standard therapy group) or a training diary (home CIMT
group)”.”” Two trials reported these outcomes in the results. Galvin (2011) reported that 245
minutes of additional exercise therapy was planned for each participant and that a mean of 227
minutes was actually delivered. Barzel (2015) reported a mean exercise time of 27.7 hours
within the four-week intervention. They also noted 12 cases of participants not adhering to the
protocol. In Souza (2015), compliance about wearing of the sling was reported in the results,
but no information about compliance to the CME was provided. Agrawal (2013) mentioned
“inability to monitor patient’s compliance with the home exercise programme which might have

influenced the study”.

Comparisons

Interventions consisted of CME in addition to usual care,3%818384 or instead of usual

7885 seven included usual care as

care.078.7982.85 Two studies included a control intervention,
control,®>7%4 one had no control intervention.®> Furthermore, there were different forms of
interventions in terms of type of exercise therapy, duration of the intervention, and timing of

the intervention.

Outcome measures

All trials reported outcome measures at the end of intervention. Five trials reported outcome
measures after three to six months’ follow-up.62787%81:85 Two trials reported outcome measures
during the intervention period.?>#° Some outcome measures were not reported at baseline, but
only at post intervention and at follow-up. In some instances there were no SDs of outcome
measures given, for which we imputed other SDs from the same study when possible (i.e.
Galvin 2011: no SD at postintervention for NEADL Index, CSI and Reintegration to Normal
Living Index was available and follow-up SD was used; Abu Tariah 2010: no SD at post

intervention or follow-up for Wolf Motor Function test - performance time was given and SD

59



Chapter 3

from baseline was used). Walking speed was reported in different units and were converted to

78,79,81,82 and in

metres/second. Where available, we also extracted mean changes from baseline,
those cases where postintervention scores were not available, we used the mean change from
baseline. Abu Tariah (2010) and Wang (2015) gave no SDs but provided CIs. We calculated
the SDs for these outcomes using the Z-score. One trial reported two outcome measures for
extended ADL.}! Based on that, the NEADL Index is developed for people with stroke and
widely used in stroke research, we restricted to NEADL Index in the main analysis. Insufficient
information was available regarding the type of caregiver, rendering it impossible to distinguish
between caregivers who were family or friends and other (voluntary) caregivers for the different
outcome measures. One study mentioned that “about 50% of the caregivers were nursing
attendants”,*® and one study included four paid workers.®? We did not take this professional
background into account during the analyses. The trials used a variety of outcome measures.
Some outcome measures were identical, but most differed between trials. We combined

outcome measures when they appeared to measure the same construct.

Excluded studies

We excluded 35 articles based on the full texts because they did not meet the inclusion
criteria.}¢-12% See characteristics of excluded studies (Supplemental Table 3D). The most
common reasons for exclusion were: interventions were educational for patient and caregiver

93-96,99,106,109,111,114,116-118

but they performed no, or minimal, exercises together; caregivers were

involved and encouraged to participate but caregiver participation was not

mandatory;36-89.90,100,103,107.110.112,119,120  and  the  intervention  concerned  ’skill

training’ 87:929496.98,10L104 111 Q]| training is primarily aimed at training of the caregiver in
performing ADL and mobility together with the patient to improve functioning together in the
home situation. Skill training is given to the caregiver in a limited number of sessions by a
professional, like a therapist or a nurse, but it is not considered progressive training to improve
functioning of the patient. Furthermore, there are some non-randomised studies about
CME 88.102108,113 Because of their relevance for the topic of this review they are listed in the
characteristics of excluded studies (Supplemental Table 3D). However, it is important to note

that our search was not aimed at identifying non-randomised studies and, therefore, we may not

be complete in reporting these studies.
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Risk of bias in included studies

Assessments for ‘risk of bias’ in individual studies are shown in the characteristics of included
studies table (Supplemental Table 3C). See also Figure 3.2 and Figure 3.3 for a summary of

the results.

Random sequence generation (selection bias)

Allocation concealment (selection bias)
Blinding of participants and personnel (performance bias)

Blinding of outcome assessment (detection bias)

Incomplete outcome data (attrition bias)

Selective reporting (reporting bias)
Other bias

I Il

% 25% 50% 75% 100

o

L=l L 1L |

| [ Low risk of bias [Junciear risk of bias [l High risk of hias

Figure 3.2. Risk of bias graph: review authors’ judgements about each risk of bias item presented as
percentages across all included studies.

Allocation

All trials used random allocation to an intervention or control group, of which four adequately
described how the randomisation procedure took place and provided sufficient information to
determine that the allocation procedure was concealed.”®7*3182 One study was unclear about
the randomisation procedure but did provide sufficient information about allocation
procedure.®> The other four studies did not describe the randomisation procedure

sufficiently.6280:83.84

Blinding

Participant blinding

Due to the nature of the intervention, participants included in the trials could not be blinded for

treatment allocation.
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Figure 3.3. Risk of bias summary: review authors’ judgements about each risk of bias item for each
included study.

Investigator blinding

Six studies blinded the outcome assessors to treatment allocation.”®%235 Three studies did not
report anything about an outcome assessor.®>8334 Five studies used participant-reported
outcomes (questionnaires, report of number of falls).”-3285 For these outcomes, the assessor

(patient or caregiver) was aware of the treatment allocation. This may have biased the results.

Incomplete outcome data

Three studies had no withdrawals and, therefore, reported complete outcome data.®>82% Four
studies had withdrawals, but reasons were well described and comparable in the intervention

and control group.”-8!85 One study reported only withdrawals in the control group.”® Reasons
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for withdrawal were not documented by the participants, making the risk of bias unclear. One

trial did not describe withdrawals, making the risk of bias unclear.3*

Selective reporting

For two included trials,”8! we identified a trial registry (NCT00666744) and published

protocol.!21:122

Galvin (2011) reported no exclusion criteria in the trial paper in contrast to the
protocol paper'?? and trial registration (NCT00666744). Not all outcome measures that were
reported in the protocol paper of Barzel (2013) were reported in the trial paper,”® such as the
EQ-5D and healthcare costs. There were an insufficient number of studies (fewer than 10) to
reliably examine the effects of risk of bias on estimates of effect and thus we generated no

funnel plots.

Other potential sources of bias

Three trials did not perform an intention-to-treat analysis. This could be a potential source of
bias.”8%85 Three trials did not report means or SDs for (a part of) the study outcomes.?#385 In
one trial, means and SDs for outcome measures were not given, the included outcomes were
insufficiently described, and intervention and timing of measurements needed clarification.?4

We identified no other potential sources of bias for the remaining trials.67%-82

Grading the quality of the evidence

We determined the quality of the evidence using GRADE levels of evidence. We downgraded
effects based on one trial by two levels of evidence and effects based on a small total number
of participants (fewer than 200 participants)'?* by one level. When half, or more, of the included
trials for an outcome measure were of unclear or high risk of bias, we downgraded the level of
evidence by one level. When we found substantial unexplained statistical heterogeneity or
clinical heterogeneity, we also downgraded the level of evidence by one level. In addition, when

we found publication bias, we downgraded the level of evidence by one level.

Effects of interventions

A summary of findings for the main comparison ‘caregiver-mediated exercises compared with

control intervention for people with stroke’ is provided in Supplemental Table 3B.
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Caregiver-mediated exercises versus control (Comparison 1 and 2): primary outcomes
Patient: activities of daily living measures

End of intervention

Three trials assessed the BI (100-point version).”182 We found no significant summary effect
(mean difference (MD) 5.09, 95% CI -2.88 to 13.07; p =0.21; Table 3.2). One trial used the
FIM.® The effect of CME on the FIM was not significant (MD 11.04, 95% CI - 1.59 to 23.67;
p = 0.09; Table 3.2). Overall, we found no significant summary effect on basic ADL
(standardised mean difference (SMD) 0.21, 95% CI -0.02 to 0.44; p = 0.07; Analysis 1.1). The
quality of evidence for effects on basic ADL was moderate; it was downgraded one level due
to clinical heterogeneity between studies. Two trials assessed extended ADL.”8! We found no
significant effects of CME on the NEADL Index (MD 5.50, 95% CI -5.83 to 16.83; p = 0.34;
Table 3.2) or on the Instrumental Activities of Daily Living (IADL) (MD 0.02, 95% CI -0.72
to 0.76; p = 0.96; Table 3.2). Overall, we found no significant summary effect on extended
ADL (SMD 0.07, 95% CI -0.21 to 0.35; p = 0.64; Analysis 1.2). This effect was based on two
trials with low risk of bias, but with clinical heterogeneity between studies and a small total

number of participants for this outcome measure, resulting in a low quality of evidence.

Follow-up

Two trials assessed basic ADL and extended ADL at three months’ follow-up?! and six months’
follow-up.” We found no significant summary effect of CME on basic ADL (MD 2.69, 95%
CI -8.18 to 13.55; p = 0.63; Analysis 2.1). This effect was based on two trials with low risk of
bias, but with clinical heterogeneity between studies and a small total number of participants
for this outcome measure, resulting in a low quality of evidence. The substantial statistical
heterogeneity between trials (12 =69%), can be explained by different timing post stroke (within
six months versus beyond six months) and thus there was no reason to downgrade the level of
evidence further. The effect of CME on extended ADL measured with the NEADL Index (MD
9.50, 95% CI -1.83 t0 20.83; p = 0.10; Table 3.2), or measured with the IADL (MD 0.02, 95%
CI -0.77 to 0.81; p = 0.96; Table 3.2) was not significant. Overall, there was no significant
summary effect of CME on extended ADL (SMD 0.11, 95% CI-0.17 to 0.39; p = 0.45; Analysis
2.2). The quality of evidence was low, based on two trials with low risk of bias, but with clinical
heterogeneity between studies and a small total number of participants for this outcome

measure.
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Caregiver: measures of burden

End of intervention

One trial used the CSI to assess caregiver burden;?' we found no significant effect (MD -0.50,
95% CI -1.81 to 0.81; p = 0.46; Table 3.2). Another trial used the Caregiver Burden Scale,??
and again we found no significant effect (MD 1.30, 95% CI -4.88 to 7.48; p = 0.68; Table 3.2).
Opverall, we found no significant summary effect of CME on caregiver strain (SMD -0.04, 95%
CI-0.45 to 0.37; p = 0.86; Analysis 1.3). These findings were based on two trials with low risk
of bias, but with a small total number of participants for this outcome measure, resulting in

moderate quality of evidence.

Follow-up

One study reported follow-up of caregiver burden by using the CSI, three months after
termination of the intervention.®! We found no significant effect of CME on caregiver strain
compared with the control group (MD 0.60, 95% CI-0.71 to 1.91; p = 0.37; Analysis 2.3). The
quality of the evidence for this finding was very low, since it is based on only one trial with a

small number of participants.

Caregiver-mediated exercises versus control (Comparison 1 and 2): secondary outcomes
Measures of motor impairment

One study assessed the FMA lower extremity score.’! We found no significant effect after the
intervention (MD 3.10, 95% CI -2.02 to 8.22; p = 0.24; Analysis 1.4) or at follow-up (MD 3.40,
95% CI -1.74 to 8.54; p = 0.19; Analysis 2.4). These findings were based on one trial with a
small number of participants, resulting in a very low quality of evidence. One study assessed
the FMA upper extremity score.”® We found no significant effect of CME at the end of
intervention (MD 4.43, 95% CI -2.09 to 10.95; p = 0.18; Analysis 1.5) or at follow-up (MD
2.75, 95% CI -8.24 to 13.74; p = 0.62; Analysis 2.5). These findings were based on only one

trial with a small number of participants. Therefore, the quality of evidence was very low.
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Gait and gait-related measures
Balance

Two trials reported the BBS.#:82. We found a significant summary effect (MD 6.35, 95% CI
1.64 to 11.06; p = 0.008; Table 3.2). One study assessed the Postural Assessment Scale for
Stroke Patients®® and found no significant effect of CME (MD 3.50, 95% CI -0.52 to 7.52; p =
0.09; Table 3.2). Overall, we found a significant summary effect of CME on standing balance
performance at the end of the intervention (SMD 0.53, 95% CI 0.19 to 0.87; p = 0.002; Analysis
1.6). These findings were based on a small total number of participants and there was clinical
heterogeneity between studies resulting in a low quality of evidence. One trial was of unclear
risk of bias,3? but more than half of the trials were of low risk of bias,?!? and thus there was no
reason to downgrade the level of evidence further. Only one trial assessed standing balance
performance at three months’ follow-up.?! There was no significant effect (MD 8.40, 95% CI -
1.04 to 17.84; p = 0.08; Analysis 2.6). This effect was based on one trial with a small number

of participants resulting in a very low quality of evidence.

Walking distance

Two trials used the Six-Minute Walk Test to assess walking distance.®"-¥> We found no
significant summary effect of CME at the end of the intervention period (MD 30.98 m, 95% CI
-20.22 to 82.19; p = 0.24; Analysis 1.7). These findings were based on two trials with a low
risk of bias, but with a small total number of participants for this outcome measure, resulting in
a moderate quality of evidence. Only one trial assessed the Six-Minute Walk Test at three
months’ follow-up.®! There was a significant effect in favour of CME (MD 109.50 m, 95% CI
17.12 to 201.88; p = 0.02; Analysis 2.7). This finding was based on one trial with a small

number of participants, resulting in a very low quality of evidence.

Walking speed

Two trials reported comfortable walking speed.®>%2 We found no significant summary effect of
CME on walking speed (MD 0.08 m/s, 95% CI -0.03 to 0.18; p = 0.17; Analysis 1.8). This
effect was based on one trial with low risk of bias®? and one trial with an unclear risk of bias.®?
In addition, there was a small total number of participants. Therefore, the quality of evidence
was low. Only Wall (1987) reported follow-up data three months after termination of the
intervention. We found no significant effect of CME on walking speed (MD 0.10 m/s, 95% CI
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-0.02 to 0.22; p = 0.10; Analysis 2.8). The quality of evidence was very low, because the effect

was based on only one trial of unclear risk of bias with a small total number of participants.

Measures of upper limb activities or function

Two trials with low risk of bias used the Wolf Motor Function test and the Motor Activity
Log.”®” However, there may be publication bias, because all studies excluded for meta-analysis
were about upper limb training.®*-%° In addition, there was a small total number of participants
for these outcome measures, and we detected substantial unexplained statistical heterogeneity
between trials. We graded the quality of the evidence as very low, except the Wolf Motor
Function test - performance time and the Motor Activity Log - amount of use at the end of
intervention, and the Motor Activity Log - quality of movement at both end of intervention and
follow-up. We did not detect any substantial statistical heterogeneity in these cases and,
therefore, we graded the quality of evidence as low. We found no significant summary effect
of CME on the Wolf Motor Function test - functional ability (end of intervention: MD 0.02,
95% CI -0.52 to 0.55; p = 0.95; Analysis 1.9; follow-up four to six months after termination:
MD 0.08, 95% CI -0.46 to 0.61; p = 0.77; Analysis 2.9), the Motor Activity Log - amount of
use (end of intervention: MD 0.01, 95% CI -0.36 to 0.38; p = 0.96; Analysis 1.11; follow-up
four to six months after termination: MD 0.21, 95% CI -0.65 to 1.08; p = 0.63; Analysis 2.11),
and Motor Activity Log - quality of movement (end of intervention: MD 0.08, 95% CI -0.26 to
0.42; p = 0.64; Analysis 1.12; follow-up four to six months after termination: MD -0.03, 95%
CI-0.43 10 0.37; p=0.89; Analysis 2.12). For the Wolf Motor Function test - performance time,
we found a significant summary effect in favour of the control group post intervention (MD -
1.72,95% CI -2.23 to -1.21; p < 0.00001; Analysis 1.10), but not at follow-up (MD 1.85, 95%
CI -8.78 to 12.48; p = 0.73; Analysis 2.10). One trial used the Nine Hole Peg test.”” We found
no significant effect post intervention (MD -0.04, 95% CI -0.11 to 0.03; p = 0.26; Analysis
1.13) or at follow-up (MD -0.05, 95% CI -0.12 to 0.02; p = 0.17; Analysis 2.13). This evidence
was based on one trial with a small number of participants, resulting in a very low quality of

evidence.

Measures of mood and quality of life of the patient

One trial assessed QoL of the patients with the SIS 3.0 at the end of the intervention,?? and one
trial assessed only SIS hand function.” The effect of CME was significant for the composite

physical scale (MD 12.40, 95% CI 1.67 to 23.13; p = 0.02; Analysis 1.14), mobility scale (MD
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18.20,95% CI 7.54 to 28.86; p = 0.0008; Analysis 1.17), and general recovery scale (MD 15.10,
95% CI 8.44 to 21.76; p < 0.00001; Analysis 1.23). For SIS hand function at follow-up,” we
found no significant effect (MD -2.20, 95% CI -12.46 to 8.06; p = 0.67; Analysis 2.14). These
findings were based on one trial with a small number of participants resulting in a very low
quality of evidence. The reported effects on SIS hand function were based on two trials with
low risk of bias, but with clinical heterogeneity between studies, resulting in a moderate quality

of evidence.

Measures of fatigue of the patient

None of the trials reported on effects of CME on fatigue of the patient after intervention or at

follow-up.

Length of stay

None of the included trials reported length of stay as an outcome measure. However, Galvin
(2011) did state that mean length of hospital stay for the intervention group was 35.7 days (SD
10.5) and for the control group was 40.1 days (SD 15). Mean length of stay in a rehabilitation
unit was 40.3 days (SD 9.6) for the intervention group and 52.3 days (SD 40) for the control
group. Patients were recruited in a hospital and a rehabilitation unit. We found no significant
differences for length of stay in a hospital (MD 4.40 days, 95% CI -3.91 to 12.71; p = 0.30;
Analysis 1.24) or length of stay in a rehabilitation unit (MD 12.0 days, 95% CI - 10.88 to 34.88;
p = 0.30; Analysis 1.25). These effects were based on one trial, and length of stay was reported
for a small number of participants (n = 20). Therefore, we graded the quality of the evidence as

very low.

Adverse outcomes

One trial reported falls among participants.3® We found no significant effect of CME on the
number of falls reported (MD 0.04, 95% CI-0.10 to 0.18; p = 0.57; Analysis 1.26). There was
no follow-up in this trial. This effect was based on one trial with unclear risk of bias and a small

number of participants, resulting in a very low quality of evidence.
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Caregiver: measures of mood and quality of life

None of the included trials reported measures of mood or QoL of the caregiver.

Other outcomes

See Table 3.3 Wall (1987) reported on gait parameters such as duration of single support phase
and asymmetry ratio. We did not summarise these findings because they were beyond the scope

of this review.

Table 3.3. Results ‘other outcomes’ (not included in meta-analysis)

Control group (mean (SD)) Intervention group (mean (SD))
Post Post

Outcome Baseline intervention  Follow-up Baseline intervention  Follow-up
Behavioural ~ 48.79 68.83 - 49.71 88.71 -
Inattention (44.64) (44.72) (39.63) (44.56)
Test
Conventional
(Dai 2013)
Motor 29.7 34.5 35.2 24.3 36.1 37.9
Assessment  (12.9) (11.6) (10.8) (11.1) (10.2) (9.7)
Scale

(Galvin 2011)

Abbreviations: SD = Standard Deviation

Dose of training

In three trials, the dose of training was comparable between the intervention and control
groups.®>7885 In six trials, the dose of training in the intervention group was higher than the
dose of training in the control group.”#* In four of these trials, there was as higher dose of
training in the intervention group because the intervention was additional to usual care and the
control group received only usual care.3%81.8384 In one trial, the intensity of training in the
intervention group was higher due to the differences between interventions in the intervention
and control groups.®? The study compared a 90-minute visit of a therapist and performing
activities at least twice weekly, and if possible, every day in the intervention group, with a
weekly visit or telephone call of the therapist and maintaining daily routines in the control
group. In one trial, daily CIMT, which is a high-intensity training intervention, was compared

with usual care.” With that, the intensity of training in the intervention group was higher than

70



Caregiver-mediated exercises for improving outcomes after stroke

the dose of training in the control group. We could not perform subgroup analysis for dose of
training (higher dose of training versus same dose of training). For most outcome measures, all
included trials had a higher dose of training in the intervention group, so no comparison could
be made. For walking speed and upper arm function (Wolf Motor Function test and Motor
Activity Log), one included trial was in the higher dose of training group, and one included trial
was in the same dose of training group. Because there was only one study per subgroup for

these outcome measures, we did not perform a subgroup analysis.

Timing post stroke (Comparison 3)

We performed subgroup analyses for trials that included patients within six months after

80.81.83.84 yersus trials that included patients beyond six months after stroke.5>*-82 One trial

stroke
included patients from beyond two months after stroke,’® and another included patients directly
after stroke; however, the reported mean time since stroke was about nine months after stroke
in the Abu Tariah (2010) study and 30 months after stroke in the Souza (2015) study. Therefore,
we included both trials in the chronic phase group. Because of the low number of included
trials, we could only perform a subgroup analysis for the outcome measure basic ADL at the
end of intervention. We found no difference between trials that included participants within six
months after stroke when compared with trials that included patients beyond six months after
stroke (p = 0.21; Analysis 3.1). The quality of evidence for this comparison was low, due to
clinical heterogeneity between studies and a small total number of participants per subgroup.

For all other outcome measures, the number of included trials per subgroup was too low to test

for subgroup differences.

Upper and lower extremity

Five trials were aimed at the upper extremity,’®7%83-85 and four of these trials were about
CIMT."8 79348 However, Agrawal (2013), Gomez (2014), and Souza (2015) were not included
in meta-analysis. Two trials were specifically aimed at the lower extremity.®>®! Basic and
extended ADL were the only outcome measures in common when comparing upper and lower
extremity trials. Due to the low number of trials per subgroup, we could not perform a subgroup

analysis.
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Reported mean changes (Comparison 4)
Mean change from post intervention to follow-up

Galvin (2011) reported mean change at follow-up (three months after termination of the
intervention) from postintervention, using the outcome measures BI, CSI, NEADL Index,
Reintegration to Normal Living Index, FMA lower extremity score, BBS, Six-Minute Walk
Test, and the Motor Assessment Scale. This study found a significant effect in favour of CME
for the Reintegration to Normal Living Index, CSI and the Six-Minute Walk Test. The other
mean changes were not significantly different. This result was based on one trial with a small

number of participants, resulting in a very low quality of evidence.

Sensitivity analysis (Comparisons 5 and 6)
CME-core

In five trials, CME was the only intervention (CME-core).5231:8385 Four trials studied the effect
of another, existing intervention provided by the caregiver.”®3%% In these four trials, it was
difficult to separate the effects of CME from the effects of the other intervention (e.g. CIMT).
Therefore, we performed a sensitivity analysis that included only CME-core trials. Three CME-
core trials were suitable for meta-analyses.®?3-82 We found a significant summary effect for
basic ADL postintervention in favour of CME (2 studies; MD 9.45, 95% CI 2.11 to 16.78; p =
0.01; Analysis 5.1). This effect was based on two studies with low risk of bias, but with a small
total number of participants for this outcome measure, resulting in a moderate quality of
evidence. We found no significant effect at follow-up (1 study; MD 9.00, 95% CI -1.29 to
19.29; p = 0.09; Analysis 6.1). This effect was based on one study with a small number of
participants, resulting in a very low quality of evidence. For extended ADL, we found no
significant summary effect postintervention (1 study; MD 5.50, 95% CI -5.83 to 16.83; p =

0.34; Analysis 5.2) or at follow-up (1 study; MD 9.50, 95% CI -1.83 t0 20.83; p = 0.10; Analysis
6.2). These effects were based on one study with a small number of participants resulting in a
very low quality of evidence. For outcome measures relating to caregiver burden, we found no
significant differences between the CME and control groups (see Analysis 1.3; moderate quality
of evidence; and Analysis 2.3: very low quality of evidence). For the secondary outcome
measures, we found significant effects in favour of CME postintervention for standing balance

(2 studies; MD 6.35, 95% CI 1.64 to 11.06; p = 0.008; Analysis 5.3; moderate quality of
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evidence) and QoL, concerning the composite physical subscale (1 study; MD 12.40, 95% CI
1.67 to 23.13; p = 0.02; Analysis 1.14; very low quality of evidence), mobility subscale (1
study; MD 18.20, 95% CI 7.54 to 28.86; p = 0.0008; Analysis 1.17; very low quality of
evidence), and general recovery subscale of the SIS (1 study; MD 15.10, 95% CI 8.44 to 21.76;
p < 0.00001; Analysis 1.23; very low quality of evidence). We found a significant effect in
favour of CME for walking distance at follow-up (1 study; MD 109.50 m, 95% CI 17.12 to
201.88; p =0.02; Analysis 2.7; very low quality of evidence). The included trials did not report
the outcome measures FMA upper extremity, upper limb activities or function, length of stay,
and adverse outcome for this sensitivity analysis. The total number of included trials per

subgroup within this sensitivity analysis was too small to test for subgroup differences.

Robustness of the results

In all analyses where we applied a fixed-effect model, we subsequently applied a random-
effects model. This did not affect the overall results. For one study, we combined two
intervention groups (CME; CME plus physiotherapy) and two control groups (physiotherapys;
no intervention).®> When we made separate comparisons of each intervention group versus each
control group, we found no differences in the results (Comparison 7). One study reported two
outcome measures for extended ADL: the NEADL Index and the Reintegration to Normal
Living Index.?! To prevent double counting this trial in our meta-analysis, we included the
NEADL Index in our primary analysis. We performed a sensitivity analysis in which we
replaced the NEADL Index with the Reintegration to Normal Living Index (Comparison 8).
Changing the outcome measure did not affect the direction or magnitude of the effect, neither

did it affect the significance level of the meta-analysis.

Qualitative synthesis

We could not include three trials in meta-analyses: the various reasons are described in the
results of the search section.®3%5 All three trials were aimed at the upper extremity, with two
trials applying CIMT.3*3% For details of these trials, see the characteristics of included studies
(Supplemental Table 3C). Agrawal (2013) comprised exercise training for the upper extremity
in addition to usual care for two months. The three groups included a total of 30 participants.

The results of each group are separately summarised in Table 3.4.
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Table 3.4. Results Agrawal 2013 (study not included in meta-analyses)

Outcome Control group GRASP 60 group GRASP 90 group
(mean scores) (mean scores) (mean scores)
Baseline Post Baseline Post Baseline Post
intervention intervention intervention
Fugl-Meyer 31.3 37.0 32.9 44.0 34.7 48.2
Assessment

upper extremity

Chedoke Arm 20.3 26.8 21.0 30.0 24.4 37.0
and Hand

Activities

Inventory

Gomez (2014) studied CIMT with a caregiver in addition to usual care compared with usual
care alone. The trial included a total of 60 participants and the intervention lasted 14 days. The
goal of this trial was to determine if family support could increase eligibility for CIMT and to
study the influence of social and family support. Reported outcomes were a description of the
included participants and their level of social and family support. Furthermore, correlations
were calculated between ADL, cognitive functioning, and level of social and family support,
and were all found to be significant. Means and SDs were not reported. Gomez (2014)
concluded that family can play a crucial role in delivering a CIMT protocol and that social and
family support has a positive influence on functional outcome of the patient. Souza (2015)
studied CIMT (partly) performed together with a caregiver versus CIMT performed with a
therapist. The trial included a total of 24 participants and had a follow-up of six months. The
study authors published effectiveness indexes for the outcome measures Motor Activity Log -
quality of movement, FMA upper extremity scale, and Stroke Specific Quality of Life Scale
(SSQoL). There were no differences between experimental and control groups and the authors
concluded that CIMT therapy (partly) together with a caregiver is equally effective as CIMT

therapy with a therapist, but less expensive.

DISCUSSION

Summary of main results

For an overview of the results, see the summary of findings (Supplemental Table 3B).
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Effects on outcome measures

This review aimed to determine the effectiveness of CME versus control in people with stroke.
We included nine out of 46 potentially relevant trials. The meta-analyses included 333 patient-
caregiver couples. Four trials assessed the primary outcome measure of ADL. We found no
significant summary effect on basic ADL at the end of intervention (Analysis 1.1; moderate
quality of evidence) or at follow-up (Analysis 2.1; low quality of evidence). For extended ADL,
there were two trials, in which we found no significant summary effect at the end of intervention
(Analysis 1.2; low quality of evidence) or follow-up (Analysis 2.2; low quality of evidence).
Two trials assessed the primary outcome measure of caregiver burden at the end of intervention
and one trial at follow-up. For both time points, we found no significant summary effects of
CME (at the end of intervention: Analysis 1.3; moderate quality of evidence; at follow-up:
Analysis 2.3; very low quality of evidence). With regard to secondary outcome measures, we
found a significant effect in favour of CME at the end of intervention for standing balance (three
studies; Analysis 1.6; low quality of evidence) and QoL (one study: composite physical
(Analysis 1.14), mobility (Analysis 1.17), and general recovery (Analysis 1.23) subscales; very
low quality of evidence). The composite physical scale is a sum score of the scales strength,
hand function, mobility, and ADL/IADL. We found a significant effect on walking distance at
follow-up (one study; Analysis 2.7; very low quality of evidence). On the Wolf Motor Function
test - performance time at the end of intervention there was a significant effect in favour of the
control group (two studies; Analysis 1.10; low quality of evidence). We found no significant
effects for walking distance post intervention or for standing balance at follow-up, and QoL
was not reported at follow-up. We found no significant effects for FMA upper and lower
extremity scores, walking speed, measures of upper limb activities or function, length of
hospital stay, and adverse events (falls) at both post intervention and at follow-up (where
assessed). None of the included trials reported on measures of fatigue of the patient or mood
and QoL of the caregiver. Unfortunately, due to the small number of included trials, we could
not apply subgroup analyses with respect to the dose of training and focus of CME training
aimed at the upper or lower extremity. In the subgroup analysis regarding timing since stroke
onset (within six months after stroke versus beyond six months after stroke), we could only
make a comparison for basic ADL at the end of intervention. For the other outcome measures,
the number of included studies per subgroup was too small. Timing since stroke did not have
an effect on basic ADL at the end of intervention (Analysis 3.1; low quality of evidence). One

trial reported mean changes from post intervention to follow-up. Most reported mean changes
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were in favour of CME. The mean change of caregiver burden from post intervention to follow-

up was significantly in favour of the CME group (Analysis 4.4; very low quality of evidence).

CME-core

We included all trials of CME in the primary analysis. However, several trials used CME as the
only intervention (CME-core), where in others a caregiver provided an existing intervention,
for example CIMT. In the latter trials, it is difficult to separate the effects of CME from the
effects of the other intervention. Sensitivity analysis with the three trials investigating CME-
core showed one important difference compared with the primary analysis. We found a
significant effect in favour of CME-core on basic ADL post intervention (Analysis 5.1;
moderate quality of evidence). On secondary outcome measures, we found the same significant
effects in favour of CME as in the primary analysis at the end of intervention for standing
balance (Analysis 5.3; moderate quality of evidence) and QoL (composite physical: Analysis
1.14; mobility: Analysis 1.17; general recovery scale: Analysis 1.23; all very low quality of
evidence), and at follow-up for walking distance (Analysis 2.7; very low quality of evidence).
We could not perform subgroup analysis. It is important to note that in the CME-core analysis
only lower extremity trials could be included. An ADL outcome, such as the BI, is more
sensitive to lower extremity improvement than to upper extremity improvement.® These
positive effects of CME-core on basic ADL and standing balance may suggest improved and

earlier independence, similar to early supported discharge interventions.

Importance of the CME-core analysis

There are a limited number of trials and outcome measures included in this meta-analysis. Due
to the number of participants in the trial of Barzel (n = 156), this trial has a large effect on the
results.”® The main affected outcome measures are basic ADL, extended ADL, and measures
of upper limb activities or function (Wolf Motor Function test and Motor Activity Log). In this
trial, CIMT provided by a caregiver was compared with standard therapy; therefore, this trial is
one of the trials in which the effects of CME are difficult to separate from the effects of the
other intervention (CIMT). Therefore, we believe that the sensitivity analysis, in which only
CME-core trials are included, is especially important. The effects found in the analysis of CME-

core are probably the most robust to answer the objective of this review.
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Activities of daily living

We found no significant effects on basic or extended ADL in the primary analyses. These results
were not robust because CME had a significant positive effect on basic ADL at the end of the
intervention in the sensitivity analysis of CME-core. There was no positive effect on basic ADL
at follow-up. This may be attributed to the ceiling effect of outcome measures of basic ADL.!*
Therefore, it is important that measures of extended ADL are included in studies investigating
CME. CME has the potential to increase intensity of training. In most included trials in this
review, CME did increase intensity of training.”®-%4 Several systematic reviews have shown that
a higher intensity of training can lead to better outcome in people with stroke in terms of ADL,*
1 and, therefore, one may expect favourable outcomes in terms of ADL. However, based on
the low number of proof-of-concept trials and moderate-quality evidence, our results are not

conclusive yet and more trials assessing ADL are needed.

Caregiver burden

CME are yet another task for the caregiver and, therefore, one could hypothesise that CME will
lead to an increase in caregiver burden. However, several authors have argued that caregiver
burden could actually decrease during CME, due to concurrent education of both patient and
caregiver and increased caregiver support, by providing caregivers with more knowledge about
the capabilities of the person with stroke and themselves.?-¥21% This may potentially increase
feelings of self-efficacy and control of the caregiver.!?> When combining data in this review
from two trials that assessed caregiver burden, we found no significant effects, that is, there
was no increase or decrease in caregiver burden.®’-*? Quality of the evidence was moderate.
Reported mean change on the CSI from postintervention to follow-up was in favour of CME.8!
Veerbeek (2014) did show a significant homogeneous positive significant effect size on
caregiver strain in its meta-analysis of trials about CME.!' The difference with our analysis is
that they included Kalra (2004), which we excluded because we implemented a different
definition of CME. Kalra (2004) applied skill training of the caregiver, which strictly speaking
is not the same as CME as it is not a progressive training intervention.!** However, as skill
training and CME may be closely related, the current results on the effect of CME on caregiver
burden are not robust. So, results on caregiver burden are inconclusive and more trials assessing

caregiver burden in CME are needed.
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Adherence to safety

Adherence to safety is essential in CME. Only one included trial assessed adverse events in
terms of number of falls, and there were no differences between the intervention and control
groups. These findings suggest that, at the least, CME are equally safe as usual care. However,
the quality of the evidence was very low. Since a caregiver is not a professional therapist,
specific screening, training, and instruction are needed to address safety risks (e.g. falling).

Therefore, an important part of each CME protocol should be addressing safety during CME.

Dose of training

Veerbeek (2014) found strong evidence in favour of physiotherapy interventions with intensive,
high repetitive, task-oriented, and task-specific training in all phases post stroke.!! This is in
line with several other meta-analyses that showed that intensity of training and repetitive task
training are crucial aspects of stroke rehabilitation, suggesting that more exercise therapy is
better.*!1:7> Pollock and colleagues (2014) suggested that a dose of 30 to 60 minutes per day,
delivered five to seven days per week, has a surplus value in terms of activities.”> However, no
conclusions could be drawn regarding to the total duration of the intervention due to substantial
heterogeneity in the analyses.” All trials included in the high-intensity training group had a
dose of at least 30 to 60 minutes per day delivered five to seven days per week. In all trials,
except for Dai (2013), the intervention group received at least 16 hours of exercise treatment
compared with the control group.>!® In one trial, the intervention group received an extra 10
hours of treatment compared with the control group.®? Unfortunately, in the present review, we
could not perform a subgroup analysis of the augmented dose of training compared to dose-

matched trials.

Timing post stroke

The first two months after stroke are considered the optimal time for recovery of function.!?6-
131 Pollock (2014) found evidence of greater benefit of an intervention associated with a shorter
time since stroke onset.” Therefore, increasing intensity of training with CME seems especially
meaningful in the first months after stroke. We could only perform one subgroup analysis (basic
ADL postintervention), and we found no difference between participants who started the
intervention in the first six months after stroke and participants who started the intervention

beyond six months after stroke. However, it is not possible to conclude if there are any
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differences in effect of CME at different time points after stroke due to the low number of

included trials in subgroup analyses.

Upper versus lower extremity

Five of the nine included trials were aimed at the upper extremity,’®7%%3-85 and four of these
trials were about CIMT.”®798485 CIMT has proven to be an effective therapy.'*’ However,
CIMT can be a time-consuming therapy and asking for the help of a caregiver can decrease the
time spent by a therapist, so the intervention is still enforceable. Souza and colleagues (2015)
performed an important trial by comparing CIMT therapy (partly) together with a caregiver to
CIMT therapy done with a therapist. They found no differences between experimental and
control groups and concluded that these forms of therapy provision are equally effective, but
that training with a caregiver is less expensive when compared to training with a therapist.®* In
our primary analysis, we found a significant effect in favour of the control intervention on the
performance time of the Wolf Motor Function test at postintervention, but not at follow-up.
This result is largely determined by a single study with a large number of participants,’”® and
should, therefore, be considered with caution. Only two included trials were specifically aimed
at the lower extremity.®>8! A disadvantage of interventions aimed at the lower extremity is the
safety aspect. The risk of adverse events (e.g. tripping or falling) is much higher when standing
or walking is practiced compared with practicing the use of the upper extremity. However,
evidence for intensity trials focused on the lower limb showed them to be more effective than
those aimed at the upper paretic limb after stroke. This latter finding makes focusing CME on

gait and gait-related activities meaningful.

Overall completeness and applicability of evidence

We found a limited number of trials (nine) with substantial variation in type of CME, duration,
timing of training (i.e. within six months or beyond six months after stroke), and outcome
measures, which hampered summarising and combining data in a meta-analysis. However, for
both primary outcome measures we found two or more trials of relative good quality. Due to
the limited number of included studies, not enough good quality trials were available to perform
subgroup analyses, with the exception of timing post stroke (i.e. within six months or beyond
six months) for the outcome basic ADL. Two studies included paid as well as unpaid caregivers,

which could not be separated in the results.3%32 Therefore, this review could not compare the

79



Chapter 3

effect of paid and unpaid caregivers. The effects of exercising with a paid caregiver may be
different compared with exercising with an unpaid caregiver, especially when there is a
difference in the relationship between patient and caregiver. There may be cultural, ethnic, and
societal differences between regions and countries that can influence the applicability and
effectiveness of CME interventions. Where ethnicity in itself may not be a limitation for
individualised CME programmes after stroke, potential facilitators and barriers may be present
that relate to the capacity of the professional to navigate cultural and ethnic differences

effectively.!33

In addition, involving caregivers during the rehabilitation process can be more
or less easy to implement and may be more or less accepted as self-evident in certain cultures
for several reasons. In some countries, rehabilitation services are not readily available and
communities are required to help, so-called ‘community-based rehabilitation’.'3* One of the
excluded trials performed CME in both groups.!'> When contacted, the study author explained
that caregivers (or paid workers) are often asked to help in Malaysia. Conversely, caregivers in
western cultures, with advanced healthcare systems and different social practices may be more
inclined to leave healthcare services to professionals. However, due to constant changes and

budget cuts in western healthcare, more pressure is put on the family to provide care. Therefore,

CME could have very different implications in different cultures.

Quality of the evidence

The risk of bias of the nine included trials was generally low or unclear (Supplemental Table
3C). Unfortunately, there was insufficient data (fewer than 10 trials) to examine the effects of
risk of bias on the calculated estimates of effect reliably by funnel plots. The overall quality of
evidence was very low to moderate. Details of GRADE levels of evidence are presented in the
effects of interventions section. The meta-analysis could include only six trials, and these
included trials were small, considering the number of included participants per trial. Therefore,
we downgraded most of the evidence one level due to a small total number of participants
(fewer than 200 participants). For some outcome measures (mainly aimed at upper extremity
functioning), there was substantial unexplained statistical heterogeneity, and we downgraded
the level of evidence one level. For other outcome measures, there was substantial clinical
heterogeneity. There is substantial variation between type of exercises performed with a
caregiver between trials. We differentiated between CIMT trials,”®” trials with mobility

62,81,82

exercises, and other trials.? When these trials were combined, we downgraded the level

of evidence because there was clinical heterogeneity. In addition, there may be publication bias
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in the comparisons about upper extremity functioning, because all trials not included in meta-
analyses were aimed at upper extremity functioning, and, therefore, we downgraded the level
of evidence for these outcome measures. For an overview of the quality of evidence per

outcome measure see summary of findings (Supplemental Table 3B).

Potential biases in the review process

In some countries, CME appears to be more necessary or is more accepted, or both, in daily
practice due to lack of formal rehabilitation services or because of cultural attitudes. Although
speculative, the implementation of CME could, therefore, be different across countries,
suggesting that compliance should be systematically measured in CME trials. As we did not
identify any completed trials from, for example, Africa, Asia, and South America, information
on such cultural differences remains elusive. In the current review, we made a distinction
between CME and skill training of the caregiver, whereby we excluded trials about skill training
as skill training does not pertain specifically to a couple performing exercises together. There
could potentially be some overlap between these two forms of training. By excluding trials
about skill training, potentially useful information from these trials may have been missed.
However, we are confident that our current results do adequately reflect the effects of CME.
Regarding the data-analysis, we employed imputation or extrapolation procedures where SDs
were not reported or could not be obtained from the study authors. In four analyses, the SDs
from the same trial were used, for example from baseline. For mean changes, we used 95% CI
and the Z-score to calculate SDs. Although this could be a potential source of bias, it is unlikely

that results were impacted in a major way.

AUTHORS’ CONCLUSIONS
Implications for practice

Currently, there is evidence of very low to moderate quality that caregiver-mediated exercises
(CME) can improve patients’ functional performance in terms of standing balance and quality
of life (QoL) at the end of intervention and walking distance at the end of follow-up, with no
significant increase or decrease effect on caregiver burden and no significant effects on
(extended) activities of daily living (ADL). Separate analyses of only CME-core trials suggest

favourable effects in terms of basic ADL at the end of intervention. However, the results should
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be interpreted with caution since the included phase II trials were small, had potential bias, and
had methodological shortcomings including multiple testing. In addition, one outcome measure
was in favour of the control group (Wolf Motor function test - performance time), although this
result was mainly influenced by one study with a relatively large number of participants. The
findings in this review suggest that CME may be a valuable and resource-efficient intervention
to augment intensity of rehabilitation services after stroke. The effect of CME may be explained
by, at least in part, an increase in intensity of training. However, due to the small number of
included trials, we could not confirm or reject this hypothesis. In addition, CME can be a
treatment option when an increase in intensity of training is useful, for example in constraint-
induced movement therapy (CIMT). To implement CME, it is essential that study protocols are
published explaining in detail the type, intensity, and content of exercises as well as safety
instructions. Finally, CME can be used in inpatient settings as well as in outpatient settings and

may be used in acute, subacute, and chronic phase after stroke.

Implications for research

Further studies are needed to get a more complete overview of the different aspects of CME
such as timing, duration, and frequency, to assess the most suitable target audience, and to
assess (long-term) effects. In addition, it is important to study caregiver burden in relation to
CME further, and to assess self-efficacy and study empowerment of people with stroke and
their caregivers, which may allow stroke patients to return earlier to the community and stay
independently at home.'3> At the moment, only nine trials have been published that use different
outcome measures and measurement tools, making it difficult to summarise and combine
outcome measures. In addition, studies about cost-effectiveness are needed. CME have the
potential to achieve a higher intensity of training, resulting in better functional outcome, without
increasing healthcare costs. One included trial recorded length of stay and showed a positive
trend.?! However, more studies are needed to determine if CME can be cost-effective by
reducing length of stay, supporting early supported discharge, improving outcomes, and
therewith reducing direct and indirect healthcare costs. To visualise exercises, measure
compliance, or keep contact with a supporting therapist, the use of e-health appears promising.
This could also be a cost-effective method. E-health in combination with CME has not been
studied to date, but two similar clinical trials conducted in different countries (i.e. Adelaide,
Australia and Amsterdam, the Netherlands) are currently ongoing.'*¢ In particular, because of

the impact of availability of community-based stroke services as well as cultural differences
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with respect to the role of the caregiver as a co-therapist, CME cannot be implemented around
the world in the same way. Due to these cross-cultural differences, exercising with a caregiver
will be interpreted and implemented differently and so it will be necessary to identify these
differences before implementation. In conclusion, future trials should obey the current CON-
SORT statements for reporting randomised controlled trials.!*” In addition, they should be
powered in a more robust way by including more participants and provide larger treatment
contrasts of additional (caregiver-mediated) exercises when compared with the control group
as suggested in several meta-analyses with respect to intensity of exercise therapy, include a
long-term follow-up, use a consensus-based set of clinical out-come measures (particularly with
respect to primary outcomes such as basic ADL and extended ADL), as well as perceived
burden of the caregiver. Preferably, these trials should include an economical evaluation

alongside to investigate the cost-effectiveness of these services.
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DATA AND ANALYSES

Comparison 1: Caregiver-mediated exercises (CME) versus control - end of intervention

Outcome or subgroup title No. of No. of Statistical method Effect size
studies  participants

1. Patient: ADL measures: 4 295 Std. Mean Difference 0.21 [-0.02, 0.44]
combined (IV, Fixed, 95% ClI)
1.1 Barthel Index 3 247 Std. Mean Difference 0.16 [-0.09, 0.41]
(IV, Fixed, 95% ClI)
1.2 Functional 1 48 Std. Mean Difference 0.49 [-0.09, 1.06]
Independence Measure (IV, Fixed, 95% CI)
2. Patient: extended ADL 2 196 Std. Mean Difference 0.07 [-0.21, 0.35]
measures: combined (IV, Fixed, 95% ClI)
2.1 Nottingham 1 40 Std. Mean Difference 0.29 [-0.33, 0.92]
Extended ADL Index (IV, Fixed, 95% ClI)
2.2 IADL 1 156 Std. Mean Difference 0.01[-0.31, 0.32]
(IV, Fixed, 95% ClI)
3. Caregiver: burden: 2 91 Std. Mean Difference -0.04 [-0.45, 0.37]
combined (IV, Fixed, 95% ClI)
3.1 Caregiver Strain 1 40 Std. Mean Difference -0.23 [-0.85, 0.39]
Index (IV, Fixed, 95% ClI)
3.2 Caregiver Burden 1 51 Std. Mean Difference 0.11[-0.44, 0.66]
Scale (IV, Fixed, 95% ClI)
4. Measures of motor 1 40 Mean Difference (IV, 3.10 [-2.02, 8.22]
impairment: FMA lower Fixed, 95% CI)
extremity
5. Measures of motor 1 18 Mean Difference (IV, 4.43 [-2.09, 10.95]
impairment: FMA upper Fixed, 95% CI)
extremity
6. Gait and gait-related 3 139 Std. Mean Difference 0.53[0.19, 0.87]
measures: balance: (IV, Fixed, 95% ClI)
combined
6.1 Berg Balance Scale 2 91 Std. Mean Difference 0.56 [0.14, 0.98]
(IV, Fixed, 95% CI)
6.2 Postural 1 48 Std. Mean Difference 0.48 [-0.09, 1.06]
Assessment Scale for (IV, Fixed, 95% ClI)
Stroke Patients
7. Gait and gait-related 2 91 Mean Difference (IV, 30.98 [-20.22,
measures: Six-Minute Walk Fixed, 95% CI) 82.19]
Test
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Comparison 1: CME versus control - end of intervention - continued

Outcome or subgroup title No.of  No. of Statistical method Effect size
studies participants

8. Gait and gait-related 2 71 Mean Difference (IV, 0.08 [-0.03, 0.18]

measures: walking speed Fixed, 95% CI)

9. Measures of upper limb 2 174 Mean Difference (IV, 0.02 [-0.52, 0.55]

activities or function: WMFT Random, 95% Cl)

- functional ability

10. Measures of upper limb 2 174 Mean Difference (IV, -1.72[-2.23, -

activities or function: WMFT Fixed, 95% CI) 1.21]

- performance time

11. Measures of upper limb 2 174 Mean Difference (IV, 0.01[-0.36, 0.38]

activities or function: MAL - Fixed, 95% CI)

amount of use

12. Measures of upper limb 2 174 Mean Difference (IV, 0.08 [-0.26, 0.42]

activities or function: MAL - Fixed, 95% CI)

quality of movement

13. Measures of upper limb 1 156 Mean Difference (IV, -0.04 [-0.11, 0.03]

activities or function: Nine Fixed, 95% CI)

Hole Peg Test

14. Measures of mood and 1 51 Mean Difference (IV, 12.40 [1.67,

QoL: SIS - composite Fixed, 95% CI) 23.13]

physical

15. Measures of mood and 1 51 Mean Difference (IV, 12.20 [-0.08,

QoL: SIS - strength Fixed, 95% CI) 24.48]

16. Measures of mood and 1 51 Mean Difference (IV, 11.4[-1.11, 23.91]

QoL: SIS - ADL/IADL Fixed, 95% CI)

17. Measures of mood and 1 51 Mean Difference (IV, 18.20 [7.54,

QoL: SIS - mobility Fixed, 95% CI) 28.86]

18. Measures of mood and 2 207 Mean Difference (IV, 2.64 [-5.87,11.15]

QoL: SIS - hand function Fixed, 95% CI)

19. Measures of mood and 1 51 Mean Difference (IV, 6.30 [-1.65, 14.25]

QoL: SIS - memory Fixed, 95% CI)

20. Measures of mood and 1 51 Mean Difference (IV, 3.0 [-2.34, 8.34]

QoL: SIS - communication Fixed, 95% CI)

21. Measures of mood and 1 51 Mean Difference (IV, 2.10 [-4.35, 8.55]

QoL: SIS - emotion Fixed, 95% CI)

22. Measures of mood and 1 51 Mean Difference (IV, 6.70 [-1.69, 15.09]

QoL: SIS - social Fixed, 95% CI)

participation

23. Measures of mood and 1 51 Mean Difference (IV, 15.10 [8.44,

QoL: SIS - general recovery Fixed, 95% CI) 21.76]
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Comparison 1: CME versus control - end of intervention - continued

Outcome or subgroup title No. of  No. of Statistical method Effect size
studies participants
24. LOS - hospital 1 37 Mean Difference (IV, 4.40 [-3.91, 12.71]
Fixed, 95% ClI)
25. LOS - rehabilitation unit 1 20 Mean Difference (IV, 12.0[-10.88,
Fixed, 95% CI) 34.88]
26. Adverse outcomes: falls 1 48 Mean Difference (IV, 0.04 [-0.10, 0.18]

Fixed, 95% ClI)

Abbreviations: ADL = Activities of Daily Living; IADL = Instrumental ADL; FMA = Fugl-Meyer Assessment;
WMFT = Wolf Motor Function Test; MAL = Motor Activity Log; QoL = Quality of Life; SIS = Stroke Impact
Scale; LOS = Length Of Stay; Cl = Confidence Interval.

Comparison 2: CME versus control - end of follow-up

Outcome or subgroup title No. of No. of Statistical method Effect size
studies participants
1. Patient: ADL measures: 2 196 Mean Difference (IV, 2.69[-8.18, 13.55]
combined Random, 95% CI)
1.1 Barthel Index 2 196 Mean Difference (IV, 2.69[-8.18, 13.55]
Random, 95% Cl)
2. Patient: extended ADL 2 196 Std. Mean Difference 0.11[-0.17, 0.39]
measures: combined (IV, Fixed, 95% ClI)
2.1 Nottingham 1 40 Std. Mean Difference 0.51[-0.12, 1.14]
Extended ADL Index (IV, Fixed, 95% CI)
2.2 |ADL 1 156 Std. Mean Difference 0.01[-0.31, 0.32]
(IV, Fixed, 95% CI)
3. Caregiver: burden 1 40 Mean Difference (IV, 0.60 [-0.71, 1.91]
Fixed, 95% CI)
3.1 Caregiver Strain 1 40 Std. Mean Difference 0.60 [-0.71, 1.91]
Index (IV, Fixed, 95% CI)
4. Measures of motor 1 40 Mean Difference (IV, 3.40[-1.74, 8.54]
impairment: FMA lower Fixed, 95% CI)
extremity
5. Measures of motor 1 18 Mean Difference (IV, 2.75[-8.24, 13.74]
impairment: FMA upper Fixed, 95% CI)
extremity
6. Gait and gait-related 1 40 Mean Difference (IV, 8.40 [-1.04, 17.84]
measures: balance Fixed, 95% CI)
6.1 Berg Balance Scale 1 40 Mean Difference (IV, 8.40 [-1.04, 17.84]

Fixed, 95% CI)
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Comparison 2: CME versus control - end of follow-up — continued

Outcome or subgroup title No.of  No. of Statistical method Effect size
studies participants

7. Gait and gait-related 1 40 Mean Difference (IV, 109.50 [17.12,

measures: Six-Minute Walk Fixed, 95% CI) 201.

Test 88]

8. Gait and gait-related 1 20 Mean Difference (IV, 0.10 [-0.02, 0.22]

measures: walking speed Fixed, 95% CI)

9. Measures of upper limb 2 174 Mean Difference (IV, 0.08 [-0.46, 0.61]

activities or function: WMFT Random, 95% Cl)

- functional ability

10. Measures of upper limb 2 174 Mean Difference (IV, 1.85[-8.78, 12.48]

activities or function: WMFT Random, 95% CI)

- performance time

11. Measures of upper limb 2 174 Mean Difference (IV, 0.21 [-0.65, 1.08]

activities or function: MAL - Random, 95% Cl)

amount of use

12. Measures of upper limb 2 174 Mean Difference (IV, -0.03 [-0.43, 0.37]

activities or function: MAL - Fixed, 95% CI)

quality of movement

13. Measures of upper limb 1 156 Mean Difference (IV, -0.05[-0.12, 0.02]

activities or function: Nine Fixed, 95% CI)

Hole Peg Test

14. Measures of mood and 1 156 Mean Difference (IV, -2.20 [-12.46,

QoL: SIS - hand function Fixed, 95% CI) 8.06]

Abbreviations: ADL = Activities of Daily Living; IADL = Instrumental ADL; FMA = Fugl-Meyer Assessment;
WMFT = Wolf Motor Function Test; MAL = Motor Activity Log; QoL = Quality of Life; SIS = Stroke Impact

Scale; Cl = Confidence Interval.

Comparison 3: Timing poststroke - end of intervention

Outcome or subgroup title No. of No. of Statistical method Effect size
studies participants
1. Patient: ADL measures: 4 295 Std. Mean Difference 0.21[-0.02, 0.44]
combined (IV, Fixed, 95% ClI)
1.1 <6 months 2 88 Std. Mean Difference 0.44 [0.01, 0.86]
(IV, Fixed, 95% CI)
1.2 >6 months 2 207 Std. Mean Difference 0.12 [-0.16, 0.39]

(IV, Fixed, 95% Cl)

Abbreviations: ADL = Activities of Daily Living; Cl = Confidence Interval.
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Comparison 4: Mean change from postintervention - end of follow-up

Outcome or subgroup title No. of No. of Statistical method Effect size
studies  participants

1. Patient: ADL measures: 1 40 Mean Difference (IV, 2.3 [-3.95, 8.55]
Barthel Index Fixed, 95% CI)

2. Patient: extended ADL 1 40 Mean Difference (IV, 4.00 [-0.99, 8.99]
measures: Nottingham Fixed, 95% CI)

Extended ADL Index

3. Patient: extended ADL 1 40 Mean Difference (IV, 4.3[2.03, 6.57]
measures: Reintegration to Fixed, 95% CI)

Normal Living Index

4. Caregiver: Caregiver 1 40 Mean Difference (IV, 1.1[0.45, 1.75]
Strain Index Fixed, 95% CI)

5. Measures of motor 1 40 Mean Difference (IV, 0.30 [-2.21, 2.81]
impairment: FMA lower Fixed, 95% CI)

extremity

6. Gait and gait-related 1 40 Mean Difference (1V, -0.9 [-4.78, 2.98]
measures: Berg Balance Fixed, 95% CI)

Scale

7. Gait and gait-related 1 40 Mean Difference (IV, 43.3[15.11,
measures: Six-Minute Walk Fixed, 95% CI) 71.49]

Test

8. Other outcomes: Motor 1 40 Mean Difference (IV, 1.1[-0.92, 3.12]
Assessment Scale Fixed, 95% CI)

Abbreviations: ADL = Activities of Daily Living; FMA = Fugl-Meyer Assessment; Cl = Confidence Interval.

Comparison 5: Sensitivity analysis - CME-core - end of intervention

Outcome or subgroup title No. of No. of Statistical method Effect size
studies participants

1. Patient: ADL measures: 2 91 Mean Difference (IV, 9.45[2.11, 16.78]
Barthel Index Fixed, 95% CI)
2. Patient: extended ADL 1 40 Mean Difference (IV, 5.5[-5.83, 16.83]
measures: Nottingham Fixed, 95% CI)

Extended ADL Index

3. Gait and gait-related 2 91 Mean Difference (IV, 6.35[1.64, 11.06]
measures: Berg Balance Fixed, 95% CI)
Scale

Abbreviations: ADL = Activities of Daily Living; Cl = Confidence Interval.
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Comparison 6: Sensitivity analysis - CME-core - end of follow-up

Outcome or subgroup title

No. of
studies

No. of
participants

Statistical method

Effect size

1. Patient: ADL measures:
Barthel Index

2. Patient: extended ADL
measures: Nottingham
Extended ADL Index

1

1

40

40

Mean Difference (IV,
Fixed, 95% CI)

Mean Difference (IV,
Fixed, 95% CI)

9.0 [-1.29, 19.29]

9.5 [-1.83, 20.83]

Abbreviations: ADL = Activities of Daily Living; Cl = Confidence Interval.

Comparison 7: Walking speed, different possibilities study of Wall

Outcome or subgroup title No. of No. of Statistical method Effect size
studies  participants

1. Walking speed - 2 61 Mean Difference (IV, 0.06 [-0.07, 0.20]

caregiver-mediated Fixed, 95% CI)

exercises (CME) vs

physiotherapy (PT) - end of

intervention

2. Walking speed - CME vs 1 10 Mean Difference (1V, 0.11 [-0.04, 0.26]

PT - end of follow-up Fixed, 95% CI)

3. Walking speed - CME 2 61 Mean Difference (IV, 0.06 [-0.08, 0.19]

vs no intervention - end of Fixed, 95% CI)

intervention

4. Walking speed - CME vs 1 10 Mean Difference (IV, 0.10 [-0.04, 0.24]

no intervention - end of Fixed, 95% CI)

follow-up

5. Walking speed - CME 2 61 Mean Difference (IV, 0.07 [-0.06, 0.21]

and PT vs PT - end of Fixed, 95% CI)

intervention

6. Walking speed - CME 1 10 Mean Difference (IV, 0.10 [-0.11, 0.31]

and PT vs PT - end of Fixed, 95% CI)

follow-up

7. Walking speed - CME 2 61 Mean Difference (IV, 0.07 [-0.07, 0.20]

and PT vs no intervention - Fixed, 95% CI)

end of intervention

8. Walking speed - CME 1 10 Mean Difference (IV, 0.09 [-0.11, 0.29]

and PT vs no intervention -
end of follow-up

Fixed, 95% CI)

Abbreviations: CME = Caregiver-Mediated Exercises; PT = Physiotherapy; Cl = Confidence Interval.
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Comparison 8: Extended ADL - analyses with Reintegration to Normal Living Index

Outcome or subgroup title No. of No. of
studies  participants

Statistical method

Effect size

1. Patient: ADL measures: 2 196
extended ADL: combined -
end of intervention

1.1 RNLI 1 40
1.2 1ADL 1 156
2. Patient: ADL measures: 2 196

extended ADL: combined -
end of follow-up

2.1 RNLI 1 40

2.2 IADL 1 156

Std. Mean Difference
(IV, Fixed, 95% ClI)

Std. Mean Difference
(IV, Fixed, 95% CI)

Std. Mean Difference
(IV, Fixed, 95% CI)

Std. Mean Difference
(IV, Random, 95% ClI)
Std. Mean Difference
(IV, Random, 95% ClI)

Std. Mean Difference
(IV, Random, 95% ClI)

0.01 [-0.27, 0.29]

0.03 [-0.59, 0.65]

0.01[-0.31, 0.32]

0.29 [-0.37, 0.95]

0.69 [0.05, 1.33]

0.69 [0.05, 1.33]

Abbreviations: ADL = Activities of Daily Living; RNLI = Reintegration to Normal Living Index; IADL =

Instrumental ADL; Cl = Confidence Interval.
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SUPPLEMENTARY MATERIAL
Supplement 3A. MEDLINE search strategy

1. cerebrovascular disorders/ or exp basal ganglia cerebrovascular disease/ or exp brain ischemia/ or exp
carotid artery diseases/ or exp intracranial arterial diseases/ or exp intracranial arteriovenous malformations/ or
exp “intracranial embolism and thrombosis™/ or exp intracranial hemorrhages/ or stroke/ or exp brain infarction/

or vasospasm, intracranial/ or vertebral artery dissection/ or brain injuries/ or brain injury, chronic/

2. (stroke or poststroke or post-stroke or cerebrovasc$ or brain vasc$ or cerebral vasc$ or cva$ or apoplex$
or SAH).tw.
3. ((brain$ or cerebr$ or cerebell$ or intracran$ or intracerebral) adj5 (isch?emi$ or infarct$ or thrombo$ or

emboli$ or occlus$)).tw.

4. ((brain$ or cerebr$ or cerebell$ or intracerebral or intracranial or subarachnoid) adj5 (haemorrhage$ or
hemorrhage$ or haematoma$ or hematoma$ or bleed$)).tw.

5 hemiplegia/ or exp paresis/

6 (hempar$ or hemipleg$ or brain injur$).tw.

7. Gait Disorders, Neurologic/

8 or/1-7

9 caregivers/ or friends/ or exp parents/ or spouses/ or visitors to patients/

10. voluntary workers/ or hospital volunteers/ or home health aides/ or exp parent-child relations/ or exp
interpersonal relations/

11. family/ or exp family characteristics/ or family relations/ or intergenerational relations/

12. family therapy/ or family health/

13. (carer$ or caregiver$ or care giver$ or care-giver$).tw.

14. (family$ or families or spous$ or parent or parents or father$ or mother$ or friend or friends or husband$
or wife or wives or partner or partners or neighbour or neighbours).tw.

15. next of kin.tw.

16. ((non-professional or non professional or informal or volunteer$ or relative or relatives) adj5 (exercise$
or rehabilitat$ or therap$ or train$)).tw.

17. or/9-16

18. rehabilitation/ or “activities of daily living”/ or exp exercise therapy/ or occupational therapy/ or physical
therapy modalities/ or exp exercise movement techniques/ or exp Exercise/ or Physical Fitness/ or physical
endurance/ or early ambulation/ or walking/ or exp “Physical and Rehabilitation Medicine”/

19. (rehabilitat$ or activities of daily living or ADL or exercis$ or physiotherap$ or occupational therap$ or
physical therap$ or physical fitness or physical endurance or ambulat$ or walk$ or progressive resist$).tw.

20. (muscle adj5 strengthen$).tw.

21. 18or190r20  22.

22.8and 17 and 21

23. cerebrovascular disorders/rh or exp basal ganglia cerebrovascular disease/rh or exp brain ischemia/rh or

exp carotid artery diseases/rh or exp intracranial arterial diseases/th or exp intracranial arteriovenous
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malformations/th or exp “intracranial embolism and thrombosis”/ rh or exp intracranial hemorrhages/rth or
stroke/rh or exp brain infarction/th or vasospasm, intracranial/rh or vertebral artery dissection/ rh or brain
injuries/rh or brain injury, chronic/rh or hemiplegia/rh or exp paresis/rh or Gait Disorders, Neurologic/rh

24. 17 and 23

25. 22 or24

26. Randomized Controlled Trials as Topic/

27. random allocation/

28. Controlled Clinical Trials as Topic/
29. control groups/

30. clinical trials as topic/

31. double-blind method/

32. single-blind method/

33. cross-over studies/

34. Therapies, Investigational/

3s. Research Design/

36. randomized controlled trial.pt.
37. controlled clinical trial.pt.
38. clinical trial.pt.

39. (random$ or RCT or RCTs).tw.
40. (controlled adj5 (trial$ or stud$)).tw.
41. (clinical$ adj5 trial$).tw.

42. ((control or treatment or experiment$ or intervention) adj5 (group$ or subject$ or patient$)).tw.
43. (quasi-random$ or quasi random$ or pseudo-randomS$ or pseudo random$).tw.
44. ((control or experiment$ or conservative) adjS (treatment or therapy or procedure or manage$)).tw.

45. ((singl$ or doubl$ or tripl$ or trebl$) adj5 (blind$ or masks$)).tw.

46. (Cross-over or Cross Over or crossover).tw.
47. trial.ti.
48. (assign$ or allocate$).tw.

49. 0r/26-48
50. 25 and 49
51 exp animals/ not humans.sh

52. 50 not 51.
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Supplement 3D. Characteristics of excluded studies [ordered by study ID]

Study Reason for exclusion

Adie 2014 No CME intervention. Caregivers were involved in the intervention but were
not obliged.

Araujo 2015 No CME intervention, but skill training and a bit educational intervention.

Barzel 2009 CME, not RCT

Baskett 1999

No CME intervention. Family and caregivers were encouraged to participate
during therapy.

Bertilsson 2014

No CME intervention. Caregivers were asked to be involved in the
intervention but were not obliged.

Cameron 2015

No CME intervention. Intervention about how and at which moment to
support caregivers.

Chang 2015

No CME intervention. Part of the intervention was skill training. Another part
was an intervention for the patient. The 2 interventions could not be
separated.

Chinchai 2010

No CME intervention. Educational intervention for the caregiver, with a small
part consisting of skill training.

El-Senousey 2012

No CME intervention but skill training and educational intervention for the
caregivers.

Evans 1984

No CME intervention. Educational intervention for patient and caregiver.

Forster 2013

No CME intervention but skill training and educational intervention for the
caregivers.

Goldberg 1997

No CME intervention. Intervention consists of a support programme for
patient and caregivers at home.

Grasel 2005

Not an RCT, no CME but skill training for the caregivers.

Harrington 2010

No CME intervention. Group community education programme where
caregivers were invited to also participate.

Harris 2009 No CME intervention. Family and caregivers were encouraged to participate
during therapy. 1 article reported specifically about the role of caregiver
involvement in this treatment.

Hebel 2014 No CME intervention, but skill training intervention.

Hirano 2012 CME, not RCT
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Jones 2015 No CME intervention. "Optional caregiver inclusion”

Kalra 2004 No CME intervention but skill training and educational intervention for the
caregivers.

Koh 2015 No CME intervention. Caregivers were included to provide safety, but the

exercises were done by the patient him- or herself.

Larson 2005

No CME intervention. Educational intervention by nurse for caregiver.

Lin 2004

No CME intervention. Family and caregivers were encouraged to participate
during therapy.

Maeshima 2003

CME, not RCT

Marsden 2010

No CME intervention. Exercises for patient, educational intervention for both
patient and caregiver

McClellan 2004

No CME intervention. Family and caregivers were encouraged to participate
during therapy.

Mudzi 2012 No CME intervention but skill training and educational intervention for the
caregivers.

NCT00908479 No CME intervention. Family and caregivers were encouraged to participate
during therapy. Only trial information was found.

Osawa 2010 CME, not RCT.

Parker 2012 No CME intervention. Educational intervention for the caregiver, with a small
part consisting of skill training.

Redzuan 2012 Comparison of 2 caregiver-mediated interventions. Studied intervention was
video therapy, not CME.

Schure 2006 No CME intervention. Educational intervention for the caregiver, with a small
part consisting of skill training.

Shyu 2010 No CME intervention. Educational intervention for the caregiver, with a small
part consisting of skill training

Smith 2004b No CME intervention. Educational intervention for patient and caregiver.

Van de Port 2012

No CME intervention. Family and caregivers were encouraged to participate
during therapy.

Walker 1996

No CME intervention. Intervention aimed at dressing. Family and caregivers
were encouraged to participate during therapy.

Abbreviations: CME = Caregiver-Mediated Exercises; RCT = Randomized Controlled Trial
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Supplement 3E. Characteristics of ongoing studies /ordered by study ID]

ATTEND trial 2013

Trial name or title ATTEND trial

Methods RCT

Participants People with stroke, recent ischaemia (< 1 month), residual
disability, aged 18 to 99 years, able to identify a nominated
caregiver.

Interventions Intervention: trained family-led caregiver-delivered, home-based

rehabilitation programme: patient is advised to undergo therapy
twice a day for 6 months. Caregiver training is given for
approximately 60 minutes/day for up to 3 days. Components:
information, joint goal setting, task-orientated training, discharge
planning, exercises. Detailed instructions for exercises will be used
from www.physiotherapyexercises.com/

Control: usual care

Outcomes Primary outcome: modified Rankin Scale

Secondary outcomes: Barthel Index, Caregiver Burden Scale,
health-related quality of life: WHO Quality of Life - BREF and
EuroQol, patient and caregiver mood: Hospital Anxiety and
Depression Scale, Nottingham Extended Activities of Daily Living
Index, costs. On 3 and 6 months

Starting date 1-aug-13

Study duration: 4.5 years

Sample size: "1200"

Information authors: first results are expected in 2016

Contact information r.lindley@sydney.edu.au
jeyarajpandian@hotmail.com

Notes CTRI1/2013/04/003557

Abbreviations: CME = Caregiver-Mediated Exercises; RCT = Randomized Controlled Trial
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Care4Stroke trial 2014

Trial name or title

Care4Stroke program: caregiver mediated exercises with e-health
support for early supported discharge after stroke

Methods

RCT

Participants

People with stroke, aged > 18 years, in the early rehabilitation phase
(24 hours to 3 months), knowing and able to appoint a caregiver
who he/she wants to participate in the programme, living
independently before the stroke, planned to be discharged home,
being able to follow instructions (a Mini-Mental State Examination
score > 23 points), Functional Ambulation Score < 5, score of < 11
on Hospital Anxiety and Depression Scale, motivated for CME, no
serious comorbidity

Caregivers: aged > 18 years, sufficiently motivated for CME, score
of < 11 on the Hospital Anxiety and Depression Scale, medically
stable and physically able to perform the exercises with the patient,
no significant caregiver strain (< 4 points on Caregiver Strain Index),
no serious comorbidity

To determine suitability of both patient and partner, an intake
exercise session together with a trained therapist will be scheduled
prior to inclusion. The therapist will check the inclusion/exclusion
criteria and judge if the exercises can be done adequately and
safely.

Interventions

Intervention: the Care4Stroke programme consists of 8 weeks of
complementary exercise therapy done with a caregiver, alongside
usual therapy. 31 standardised exercises are available that can be
customised per individual situation. The exercises are presented in
a smart phone/ tablet app with videos and voiceover. The patient
and their caregiver are asked to do the exercises minimally 5
times/week for 30 minutes on at least both weekend days or the
equivalent dosage with an adopted schedule. Patients and their
caregiver will have a weekly session with a trained therapist. In this
session, the participating couple will be instructed as to which
exercises should be performed safely during the next week and
evaluate the exercises done last week. All patients and caregivers
will be supported by a handbook with instructions. The programme
starts when the patient is admitted. When the discharge date of the
patient is earlier than the finishing of the programme, the
programme continues at home with monitoring from the treating
therapist.

Control: patients will receive usual care according to the Dutch
guidelines for people with stroke and the Royal Dutch Guidelines of
Physical Therapy.

Outcomes

Primary outcomes: length of stay and the mobility part of the Stroke
Impact Scale 3.0

Secondary outcomes: other domains of Stroke Impact Scale 3.0,
Fugl-Meyer Assessment lower extremity Scale, Motricity Index
Lower Extremity, Six-Minute Walk Test, walking speed, Timed-Up-
and-Go Test, Berg Balance Scale, Rivermead Mobility Index,
Barthel Index, Nottingham Extended Activities of Daily Living Index,
modified Rankin Scale, personal opinion questionnaire for
empowerment, EuroQol, amount of daily activity

For the caregiver: Expanded Caregiver Strain Index, Carer Quality
of Life Scale
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For both patient and caregiver: Hospital Anxiety and Depression
Scale, General Self-efficacy Scale, Fatigue Severity Scale, and
(cost) diaries

Measurements at baseline, post intervention (8 weeks after
randomisation), and follow-up (12 weeks after randomisation)

Starting date 1-apr-14
Study duration: 2 years
Sample size: "66"

Contact information g.kwakkel@vumc.nl
r.nijland@reade.nl
e.vanwegen@vumc.nl

Notes www.trialregister.nl/trialreg/admin/rctview.asp?TC=4300

In Australia, a study with the same objective, inclusion and exclusion
criteria has been done. Analyses are currently being done. This
study is part of the Care4Stroke trial.

Abbreviations: CME = Caregiver-Mediated Exercises; RCT = Randomized Controlled Trial
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ABSTRACT

Background: The evidence for rehabilitation interventions poststroke lack sufficient robustness.
However, variation in treatment effects across countries have been given little attention.

Objective: To compare two identically protocolized trials conducted in different western countries in
order to identify factors that may have caused variation in secondary trial outcomes.

Methods: Comparative study based on individual patient data (n = 129) from two randomized controlled
trials, conducted in hospitals and rehabilitation facilities in the Netherlands (n = 66) and Australia (n =
63). Patients with stroke and their caregivers were randomly allocated to an 8-week caregiver-mediated
exercises intervention (n = 63; 31 Australian and 32 Dutch) or to a control group (n = 66; 32 Australian
and 34 Dutch). Patient characteristics, compliance, usual care and process measures were compared
across countries. We examined if study setting significantly moderated the trial outcomes: Hospital
Anxiety and Depression Scale, Fatigue Severity Scale and General Self-Efficacy Scale, measured at 8-
and 12 weeks follow-up. In addition, we explored if factors that were significantly different across
countries caused variation in these trial outcomes.

Results: Most patients suffered an ischemic stroke, were in the subacute phase and participated with
their partner. Dutch patients were younger (p = 0.005) and had a lower functional status (p = 0.001).
Australian patients were recruited earlier poststroke (p < 0.001), spent less time in exercise therapy (p <
0.001) and had a shorter length of stay (p < 0.001). The level of contamination was higher (p = 0.040)
among Dutch controls. No effect modification was observed and trial outcomes did not change after
controlling for cross-country differences.

Conclusions: The present study highlighted important clinical differences across countries whilst using
an identical study protocol. The observed differences could result in a different potential for recovery
and variation in treatment effects across trials. We argue that we can proceed faster to evaluating

interventions within international pragmatic trials.
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INTRODUCTION

Stroke affects approximately 104 million people worldwide and the global incidence of stroke
is currently estimated at 11.9 million.! Stroke is a disabling condition with variable recovery
patterns and a heterogeneous functional outcome.?> Most patients require rehabilitation to assist
functional recovery and optimize independence in daily life.>* However, the current evidence
for specific rehabilitation interventions poststroke lacks sufficient robustness and is largely
based on findings from small, phase II, randomized controlled trials (RCTs).3-> Phase Il RCTs
are designed to estimate treatment effects with the lowest possible bias. Therefore, conflicting
results across trials is assumed to result from either imprecision of effect estimates or true effect
variation as a result of clinical heterogeneity.® Clinical heterogeneity refers to systematic
differences in the outcomes studied or timing of outcome measurement, characteristics of
patients (e.g. age, ethnicity, disease severity), interventions (e.g. content, dose, duration), or
study setting (e.g. country, healthcare system, cultural context).” Further investigation of
responder and non-responder groups or dose-response relationships is common within stroke
recovery trials. However, variation in treatment effects across countries with a different

healthcare system and cultural context have been given little attention.

In a recent collaboration, we simultaneously conducted two RCT’s in Australia
(ACTRN12613000779774) and the Netherlands (NTR4300). Both studies investigated the
effect of a caregiver-mediated exercises (CME) intervention with e-health support,®® which
may be a valuable intervention to augment exercise therapy and improve functional outcome
after stroke.'®!'! Although the primary outcome of both trials was neutral with respect to
patients’ self-reported mobility, different significant results regarding secondary psychosocial
outcomes were found. The Dutch trial reported a significant decrease in caregiver depression
and patient anxiety,” while the Australian trial reported a significant decrease in caregiver
fatigue and increased caregiver self-efficacy.® Both trials had an identical study design that
obeys CONSORT statements, used the same measurements of outcome and identical criteria of
patient selection.'? In addition, an identical intervention protocol in terms of content, dosing
and treatment goals was used.”> However, the studies were embedded within a different
healthcare system and cultural context, making study setting the main source of heterogeneity
for possible differences in outcome. Combining individual patient data from both trials allows
us to investigate clinical heterogeneity and true effect variation across countries providing

valuable information for future trial design and conduct.
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The aim of the current study was to compare two identically protocolized trials in terms of
design, outcome measurement, criteria of patient selection, and intervention protocol, applied
in the Netherlands and Australia in order to identify factors that may have caused variation
across countries in secondary trial outcomes. First, we hypothesized that the identical criteria
of patient selection reduced patient heterogeneity. Second, we hypothesized that significant
differences exist across countries in terms of usual exercise therapy and processes of care
including length of inpatient stay and timing of recruitment. Finally, we hypothesized that study
setting significantly moderated the secondary trial outcomes anxiety, depression, fatigue and

self-efficacy.

MATERIAL AND METHODS

Study design

This study combined individual patient data from two identically protocolized, observer-
blinded, multicentre RCTs in which patients with stroke and their appointed caregivers were
randomly allocated to a CME intervention with e-health support in addition to usual care or to
a control group that received usual care alone.'?> The two trials were simultaneously started in
the Netherlands and Australia, respectively. The randomization procedures, sample size
calculations and results of the separate trials have been published previously.®® The medical
ethics committee of the Slotervaart Hospital and Reade approved the Dutch study (NTR4300)
and the local health research ethics board of Southern Adelaide Research Ethics Committee

approved the Australian study (ACTRN12613000779774).

Definitions

= Imprecision is defined as random error in trial outcomes, as a result of sample variation.
Hence, precision of effect estimates depends on the sample size, with smaller studies being
less precise.®

= Methodological heterogeneity is defined as a difference across trials in the study design,

outcome measurement tools or risk of bias. A higher degree of bias will lead to systematic
error in trial outcomes.®

= Clinical heterogeneity is defined as a systematic difference across trials in the outcomes

studied or timing of outcome measurement, characteristics of patients (e.g. age, ethnicity,
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disease severity), interventions (e.g. content, dose, duration), or study setting (e.g. country,
healthcare system, cultural context).5’

= True effect variation is defined as variation in treatment effects as a consequence of clinical

heterogeneity. True variation in trial outcomes is not explained by random or systematic
error.>’

= Study protocol is defined as a combination of the study design and intervention protocol.
The design characteristics (e.g., blinding, randomization), study procedures, outcome
measures, power calculation, criteria of patient selection and statistical analysis are
protocolized in the study design. The essential elements of the trial intervention including
its content, mode of delivery, dose, duration and monitoring of compliance are protocolized
in the intervention protocol.

= Study setting is defined as the geographical location of a trial (i.e., country) including the
healthcare system and cultural context in which it is embedded, and the context of individual
study sites including their level of care (i.e., primary, secondary, tertiary), local healthcare
processes and available resources including staff and expertise.'*

= Contamination is defined as the receipt of active intervention amongst participants in the
control arm of an RCT."3

= Pragmatic trials are defined as RCTs designed to determine the effect of an intervention
under the usual conditions in which it will be applied,'® more specifically the trial should 1)
enrol a real-world population; 2) be conducted in a real-world setting; 3) include an

appropriate comparison arm; and 3) capture relevant outcomes.!”

Participant recruitment

Patients in the Netherlands were recruited from four hospital stroke units, two rehabilitation
centres and seven rehabilitation wards of nursing homes in Amsterdam and its near
surroundings. Patients in Australia were recruited from two hospital stroke units and one
hospital rehabilitation unit in metropolitan Adelaide. Eligibility criteria for both patients and
caregivers were: 1) 18 years or older; 2) able to understand the Dutch or English language; and
3) no significant signs of depression (Hospital Anxiety and Depression Scale [HADS]
depression subscale < 11). Patients were eligible if they: 1) were diagnosed with stroke
according to the WHO definition;'® 2) experienced mobility limitations (Functional Ambulation
Categories score < 5); 3) had sufficient cognition to follow instructions and provide informed

consent (Mini-Mental State Examination [MMSE] > 18); 4) lived independently prior to stroke;
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5) were planned to be discharged home; and 6) were willing and able to appoint a caregiver.
Caregivers were eligible if they were: 1) willing to participate in CME; and 2) physically able
to support the patient. Exclusion criteria for both patients and caregivers were: 1) a serious
comorbidity that interfered with participation; and 2) not being medically stable. Participants
were recruited in the early rehabilitation phase, following admission in a participating centre.

All participants provided written informed consent prior to study enrolment.

Intervention

The C4S program consisted of an 8-week incremental training program with task-oriented and
mobility-related exercises. An identical treatment protocol, including the intended dose,
following the TIDieR guidelines was used.'? Patient-caregiver dyads were asked to perform
exercises together, at least five times a week for 30 minutes, within the clinical setting, outside
or at home. In addition, participants were encouraged to exercise outside usual training hours.
During a weekly face-to-face session with a trained physical therapist, dyads were instructed,
evaluated and caregivers were educated to become an exercise coach. During the program,
dyads were supported by an offline e-health application with instruction videos, in addition to
usual care. The Australian and Dutch trials used respectively an English and Dutch version of

the same video application.

Primary and secondary outcomes

Patients and caregivers in both trials were assessed using the same outcome measures, at base-
line prior to randomization, and at 8- and 12-weeks follow-up. In both countries, outcome
assessments were completed by an independent assessor blinded to treatment allocation. The
primary outcome measure of both trials was the mobility domain of the Stroke Impact Scale
(SIS 3.0)."° The secondary outcome measures including their description and references has
been published previously.'? For the purpose of the current investigation, we selected the
anxiety and depression subscales of the HADS,? the Fatigue Severity Scale (FSS)?' and
General Self-Efficacy Scale (GSES)? of both patients and caregivers to assess secondary trial

outcomes of anxiety, depression, fatigue and self-efficacy.
To investigate systematic differences across countries in patient characteristics we used sex,

age, living situation prior to stroke (alone or with someone), relationship with the appointed

caregiver, type of stroke (ischemic or haemorrhagic), site of stroke (left or right hemisphere),
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functional status measured with the modified Rankin Scale (mRS)? and cognition measured
with the MMSE?* at the moment of recruitment. Self-reported exercise minutes from diaries
that were kept for 8 weeks following randomization, were used to investigate systematic
differences in compliance and contamination (CME minutes) and usual exercise therapy
(exercise minutes with a nurse, therapist and independent exercise minutes). Process measures
that were compared across countries included timing of recruitment (days between stroke onset
and randomization), timing of discharge (days between randomization and inpatient discharge)
and length of inpatient stay (LOS) which was defined as the number of days between hospital

admission and discharge from inpatient care.

Statistical analyses

Individual patient data from both trials were merged in one pooled database. First, systematic
differences across the Dutch and Australian trials in terms of 1) patient characteristics; 2)
compliance and usual exercise therapy; and 3) process measures; were compared using
independent samples t-tests and we reported means and standard deviations in case of a normal
distribution or used Mann-Whitney U tests and reported medians and interquartile ranges in
case of a skewed distribution. A Chi-square test was used for categorical outcomes or a Fisher’s
exact test in case of few observations for individual cells (<10). Second, Linear Mixed Models
were used to examine if the dichotomous variable ‘country’ was an effect-modifier that
significantly moderated the secondary trial outcomes, with HADS anxiety, HADS depression,
FSS and GSES as the dependent variables and treatment allocation, country, baseline score of
the dependent variable and a treatment-by-country interaction term as covariates. A random
intercept was included to adjust for the dependency of the repeated observations within sub-
jects.? If a significant interaction was detected, treatment effects were reported separately for
both countries. If no significant interaction was identified, the overall treatment effect was
reported while controlling for country. Finally, patient characteristics and process measures that
were systematically different across countries were successively added to the longitudinal
model in order to explore if these factors may have caused variation in secondary trial outcomes.
If the regression coefficient of treatment allocation changed by >10%, the covariate was
considered to be a confounder and new candidate confounders were added to the longitudinal
model.?27 A 2-tailed significance level alpha of 0.05 was used for all the statistical tests that

were performed. Data were analysed using IBM SPSS Statistics version 25 for Windows.

141




Chapter 4

RESULTS

Individual patient data of 129 patients and their appointed caregivers were included, of which
66 dyads were recruited in the Netherlands and 63 dyads in Australia. A total of 617/709
screened (87.0%) in Australia and 960/1082 screened (88.7%) in the Netherlands were excluded
from participation. Patients were selected according to the same eligibility criteria, and no
additional strategies were used to select or exclude patients. No significant difference (p =
0.054) was observed in the proportion of eligible patient-caregiver dyads that declined to
participate in Australia, 29/709 screened (4.1%), compared to those that declined to participate
in the Netherlands, 56/1082 screened (5.2%).

Systematic differences in patient characteristics

Table 4.1 presents the baseline characteristics of recruited patients in both countries. Patients
in the Dutch trial were significantly younger (MD 7.7 years, CI 2.3-13.0; p = 0.005) and had a
lower functional level (82% with a moderate to severe disability versus 54% in Australia) when
compared to Australian patients. Although a higher proportion of patients were living alone

prior to stroke in the Netherlands, this difference did not reach significance.

Systematic differences in compliance and usual care

Compliance with the intervention protocol did not differ across Australian (n =31, Median 953
CME minutes, IQR 635-1390) and Dutch (n = 32, Median 1150 CME minutes, IQR 850-1500)
intervention groups (p = 0.383). However, Australian controls reported significantly fewer
CME minutes (n = 32, Median 60 minutes, IQR 5-495; p = 0.040) than Dutch controls (n = 34,
Median 350 minutes; IQR 95-1065). Patients in Australia reported significantly (p = 0.04) less
usual exercise minutes during the 8 weeks following randomization (n = 63, Median 2550
minutes, IQR 1478-3683) when compared to the Netherlands (n = 66, Median 3403 minutes,
IQR 2220-3900). More specifically, patients in Australia reported less minutes in formal
exercise therapy (Median 1080 minutes, IQR 473-1735; versus Median 2025 minutes, IQR
1368-2858; p < 0.001), but more independent exercises (Median 930 minutes, IQR 300-2408;
versus Median 550 minutes, IQR 190-1200; p < 0.037). We found no significant difference (p
=0.114) in exercise time with a nurse (Median 0 minutes, IQR 0-140 and Median 35 minutes,

IQR 0-173, in Australia and the Netherlands respectively).
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Table 4.1. Differences in patient characteristics and process measures

Patient characteristics The Netherlands (N = 66)  Australia (N = 63) p-value
Age in years, mean (SD) 59.9 (14.8) 67.5(15.8) 0.005*2
Sex, number of males (%) 41 (62.1) 40 (63.5) 0.872°¢
Type of stroke, N (%) 0.115¢
Ischemic 50 (75.8) 54 (85.7)
Haemorrhagic 16 (24.2) 8 (12.7)
Both 0(0.0) 1(1.6)
Site of stroke, N (%) 0.592¢
Right hemisphere 37 (56.1) 39 (61.9)
Left hemisphere 28 (42.4) 24 (38.1)
Brainstem 1(1.5) 0(0.0)
mRS disability (0-5), N (%) 0.001*
1 no significant 1(1.5) 2(3.2)
2-3 slight-moderate 11 (16.7) 27 (42.9)
4-5 moderate-severe 54 (81.8) 34 (53.9)
MMSE (0-30), median (IQR) 28.0 (25.0-29.0) 26.0 (24.0-28.3) 0.226°
Living alone, N (%) 20 (30.3) 10 (15.9) 0.059°
Caregiver, N (%) 0.280¢
Partner 39 (59.1) 43 (68.3)
Another caregiver 27 (40.9) 20 (31.7)
Timing of recruitment in days, 37 (28-56) 14 (7-22) <0.001*°
median (IQR)
Timing of discharge in days, 69 (41-92) 18 (7-35) <0.001*
median (IQR)
LOS in days, median (IQR) 112 (79-148) 34 (18-56) <0.001*

Abbreviations: IQR = Inter Quartile Range; SD = Standard Deviation; mRS = modified Rankin Scale;
MMSE = Mini-Mental State Examination; LOS = Length Of inpatient Stay. * P <0.05. a = P values
were calculated using independent samples t-tests; b = Mann-Whitney U tests; ¢ = Chi-square tests;

d = Fisher’s exact tests.
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Systematic differences in process measures

In Table 4.1 process measures are presented for both countries. All process measures differed
significantly across countries (p < 0.001). Patient-caregiver dyads in the Australian trial were
recruited significantly earlier poststroke when compared to the Netherlands. Moreover, LOS
was significantly shorter in Australia and as a result discharge occurred earlier in the program.
Australian patients generally returned home in the first five weeks following randomization
while Dutch patients returned home in the last two weeks or after completing the 8-week

program.

Differences in secondary trial outcomes across countries

No significant interaction effects were observed between treatment allocation and the variable
‘country’ with respect to anxiety, depression, self-efficacy and fatigue of both patients and
caregivers. The overall treatment effects of the C4S program with country as a covariate, and
the interaction effects of treatment allocation and country are summarized in Table 4.2. The
observed trial outcomes did not change after controlling for age, baseline functional status, or

after controlling for usual exercise dose, timing of recruitment, timing of discharge and LOS.

DISCUSSION

To our knowledge, this is the first study in stroke rehabilitation that investigates cross-cultural
clinical differences by comparing two identically protocolized phase II trials with respect to
design, outcome measurement, patient selection and intervention conducted in two different
Western countries. The present study shows that, despite identical criteria of patient selection,
systematic clinical differences may be observed in study participants across countries. In
addition, heterogeneity was observed in the level of contamination, amount of usual care and
total length of inpatient stay. Awareness of clinical heterogeneity across countries is especially
important when designing and conducting global trials. However, study setting did not
moderate the secondary trial outcomes anxiety, depression, fatigue and self-efficacy suggesting
that we can proceed faster to evaluating interventions within heterogeneous populations and

study settings in pragmatic phase III and IV trials.
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Table 4.2. Secondary treatment effects and study setting interaction effects.

Outcome measures patient Beta (95% CI) P-value® P-value?
Treatment Treatment*Country

HADS anxiety (0-21) 1.10 (0.01-2.20) 0.049* 0.220

HADS depression (0-21) 0.66 (-0.40-1.72) 0.222 0.470

FSS (1-7) 0.19 (-0.31-0.68) 0.462 0.505

GSES (10-40) -0.42 (-1.99-1.14) 0.593 0.942

Outcome measures caregiver  Beta (95% Cl) P-value?® P-value®
Treatment Treatment*Country

HADS anxiety (0-21) 0.23 (-0.94-1.41) 0.692 0.541

HADS depression (0-21) 0.94 (0.00-1.88) 0.050* 0.412

FSS (1-7) 0.18 (-0.19-0.54) 0.341 0.990

GSES (10-40) -0.44 (-1.71-0.83) 0.493 0.703

Abbreviations: HADS = Hospital Anxiety and Depression Scale; FSS = Fatigue Severity Scale; GSES =
General Self-Efficacy Scale. * P <0.05. a = P values were calculated using Linear Mixed Model
analyses.

Patient heterogeneity was observed across countries with older age and a higher functional level
at baseline in Australia when compared to the Netherlands. In general, age and functional status
after stroke are factors known to influence discharge disposition and referral to inpatient
rehabilitation after acute care on a hospital stroke unit (HSU).23* In the Dutch study,
participating HSUs were unable to recruit patients as a result of their fast discharge policies
with a short LOS in the hospital. Hence, all patients were recruited from rehabilitation centres
and rehabilitation wards of nursing homes. In contrast, Australian patients were recruited from
acute HSUs as well as from hospital rehabilitation units which may explain the different
casemix. In parallel, Australian patients were recruited earlier poststroke which is not
unexpected within an acute setting. Age and functional status at admission are significant
predictors of functional outcome after stroke.?®3! Moreover, functional improvement is

significantly associated with progress of time.3? This suggests that age, functional status and
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time poststroke at recruitment may be important effect modifiers that can cause variation in

functional outcomes across trials despite following an identical study protocol.

The present study also shows that usual care is strongly dependent on features of the healthcare
system and cultural context. To our knowledge, there are no recent studies reporting about
practice variation in usual care across countries. We show that Australian patients spent less
time in formal exercise therapy in both groups and total LOS was shorter when compared to
the Netherlands. For the purpose of this study, LOS was defined as the number of days between
acute hospital admission and final discharge home. Hence, this finding is not explained by
timing of recruitment or level of care. The shorter LOS in Australia may be explained by the

less severely affected population®>3*

or reflect differences in local healthcare policies with
respect to rehabilitation services such as early supported discharge (ESD).?* These findings are
supported by lower costs of care observed in Australia, when compared to the Netherlands.>

7 most

Although the emphasis on ESD has accelerated the interest in outpatient services,’
resources in stroke rehabilitation are focused on inpatient care.3>3% As a result of the shorter
LOS, Australian patients returned home faster following randomization which could explain
the lower dose of formal exercise therapy during the 8 weeks thereafter. In stroke rehabilitation
trials, the control group often receives ‘usual care’. Unfortunately, the content, timing and dose
of usual care is often poorly described.’® Acknowledging that a difference in the amount of

40,41

usual care delivered can result in a different potential for recovery*®*! it is important to realize

that these differences may exist across countries when designing global trials.

In the two trials, it was intended that controls received only usual care.'>!3 Although some
contamination was present in the control groups of both studies, a significant difference was
observed in its magnitude. The self-reported dose of CME within control groups was about 8
weekly minutes among Australian controls and 44 weekly minutes among Dutch controls,
resulting in a larger treatment contrast in Australia. One of the most common sources of
contamination within clinical trials is communication between trial arms, either between staff
members or participants.!> Such communication is more likely within an inpatient environment
where patients are admitted to the same rehabilitation ward and providers of the intervention
work closely together with other healthcare professionals. The earlier timing of discharge in
Australia may therefore partly explain the lower level of contamination in this study. Another
common source of contamination is when the intervention is already part of usual care to some

extent.' Although the involvement of caregivers may differ across different social, cultural,
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political and organizational contexts,'? the total level of contamination is low and we have no

data to support the structural use of CME in a usual care context in the Netherlands.

The present study highlighted important clinical differences across countries whilst using an
identical study protocol. Although different significant results were reported in the separate
trials regarding secondary outcomes of anxiety, depression, self-efficacy and fatigue,®® we did
not find a moderating effect of study setting on these trial outcomes. This suggests that
treatment effects on secondary outcomes within small phase II trials may be imprecise and
should be interpreted with caution. We argue that we should proceed faster to evaluating
promising rehabilitation interventions poststroke in large phase III and IV trials. International
collaboration to standardize study protocols including study design, outcome measurement and
reporting is an important next step to improve robustness of trial outcomes in the field of stroke
rehabilitation.*>** Awareness of clinical heterogeneity and consensus in trial conduct across
countries through the international GAINS network is especially important when designing
future global trials. First, we recommend that patients are recruited based on broad selection
criteria, however at fixed times or within a narrow time window poststroke, and from multiple
study settings to improve generalizability. Subsequently, responder analyses can be used to
investigate and interpret a heterogeneous response to treatment. Second, the control condition
should be monitored during the study period, and we should improve our reporting of ‘usual
care’ including its specific content, dose and location. Third, careful consideration of the
processes driving contamination is needed. Although cluster randomization is often mentioned
as a solution, it could lead to patient heterogeneity across trial arms when patients are recruited
from different study settings.*> A balanced distribution of clusters over different settings or
changes in trial conduct to reduce contamination could be considered. Finally, international
consensus on parameters of trial conduct and reporting is essential for improving the quality of

future stroke rehabilitation trials.

Strengths and limitations

Our individual patient dataset from two identically protocolized trials, independently conducted
in two countries with a different healthcare system and cultural context, is unique. However,
several study limitations should be acknowledged. First, the current study investigated
differences across two Western, high-income countries and no generalizations can therefore be

made to non-Western, low- or middle-income countries. Second, we did not collect information
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on ethnicity, racial groups or comorbidities. Third, timing of recruitment was standardized
based on the moment of admission to a participating rehabilitation ward. As a result,
randomization, outcome measurement and initiation of the C4S program occurred at relatively

arbitrary time points poststroke.

CONCLUSION

The present study highlighted important clinical differences across countries whilst using an
identical study protocol, providing valuable information for future trial design and conduct.
Theoretically, the observed clinical differences could result in a different potential for recovery
and variation in treatment effects across trials. However, we did not find a moderating effect of
study setting on the current secondary trial outcomes. We argue that we can proceed faster to
evaluating promising interventions within large, pragmatic trials and give recommendations for

designing future stroke rehabilitation trials.
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ABSTRACT

Primary objective: To investigate the level of agreement and differences regarding the perception of
family functioning between patients with acquired brain injury and their partners. Our hypothesis was
that patients would report better family functioning than their partners.

Research design: Cross-sectional study.

Methods and procedures: Baseline data were used from 77 patient-partner dyads (87.0% stroke) who
were participating in the ongoing CARE4Patient and CAREA4Carer trials. Family functioning was
assessed using the General Functioning subscale of the McMaster Family Assessment Device (FAD-
GF). Agreement was assessed with intraclass correlation coefficient, a Bland-Altman plot, percentages
absolute agreement and weighted kappa values. Differences were tested with Wilcoxon signed-rank
tests.

Main outcomes and results: Patients and their partners differed in their perception of family
functioning. Within-dyad agreement was poor regarding the overall FAD-GF scores with partners
reporting significantly poorer family functioning compared to the patients (32.5% versus 18.2%).
Agreement regarding the individual items ranged from slight to moderate.

Conclusions: Healthcare professionals should assess family functioning after stroke in both patients and

their partners, and any discrepancies should be discussed with both members of the patient-partner dyad.
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INTRODUCTION

Patients with acquired brain injury (ABI) typically suffer from complex problems, affecting
both themselves and their caregivers. These may include physical, behavioural, cognitive,
communicative and psychosocial problems, which can lead to loss of independence in everyday
activities, reduced societal participation and poorer quality of life.! After inpatient care, most
patients with stroke eventually return to their own home, and about 70% will be dependent on
informal caregivers, usually family members.> The burden of care has a great impact on
caregivers’ physical and psychosocial well-being?® with up to 65% of caregivers reporting
health problems, high levels of strain and a decline in the quality of their social life.* Among
caregivers, partners in particular have difficulties coping with the consequences of a brain
injury.> Partners experience a sense of loss and need to adjust to a new relationship with the
patient.%” Changes in the relationship, lack of social support and changed roles of patients and
partners may result in conflict, stress or even separation.>’ Both patients and caregivers
experience negative consequences and there is an interdependent effect between patients with

stroke and their caregivers on outcomes such as stress and quality of life.?*

Family-centred interventions, aimed at both patients and caregivers, can result in better
outcomes for the individual members of the dyad.!®'? Evidence for outcomes concerning both
members of the dyad together, such as family functioning, is still scarce. Family functioning
comprises how family members work together and communicate with each other.'? In patients
with ABI, a negative perception of family functioning is associated with more depressive
symptoms,' lower levels of activity,'> and increased dependence in daily self-care'> and home
activities.'¢ Poor family functioning, as perceived by caregivers, is associated with increased
symptoms of anxiety and depression.!>!"2! After an ABI, family functioning is often only
assessed in caregivers, since patients may suffer from cognitive and communicative disorders.'!
Whether such a single measure is a valid representation of the perspectives of both members of
the dyad is not clear, since little is known about the level of agreement and differences regarding
perceived family functioning within dyads. To our knowledge, only two studies have reported
on family functioning as perceived by both members of the patient-caregiver dyad, and their
results are conflicting. One study found that patients reported better family functioning than
their partners,?> while another study found the opposite.'> These contradictory results may be
attributable to differences in the population they studied, e.g. the first study included only male

patients and female partners, while the second study included not only partners but also other
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caregivers. The further development of family-centred interventions for patients with ABI and
their partners requires insight into the agreement about and differences in family functioning

between these patients and their partners.

The objective of the present study was to examine how patients with ABI and their partners
perceive their family functioning and to investigate agreement and differences regarding their
perception of family functioning. We hypothesized that patients would report better family

functioning than their partners.

MATERIALS AND METHODS
Design

For this cross-sectional investigation, data from two randomized controlled trials, CARE4Carer
(NTR6197) and CARE4Patient (NTR5055), were combined. Designs, inclusion and exclusion
criteria and trial interventions have been described in detail elsewhere and are briefly
summarized here.?*->> The medical ethics committee of the University Medical Centre Utrecht
approved the CARE4Carer study. The CARE4Patient study was approved by the medical ethics
committee of the Slotervaart Hospital and Reade. Reporting in this cross-sectional study

follows the STROBE statement.2¢

Participants

In the ongoing CARE4Carer trial, patients with ABI (mostly stroke) and their partners are
recruited during outpatient rehabilitation from hospitals and rehabilitation centres in the
Netherlands. In the CARE4Patient trial, patients with ABI (mostly stroke) and their caregivers
were recruited during inpatient rehabilitation from rehabilitation centres and nursing homes in
the Netherlands. For the purpose of this study, only patient-partner dyads were selected.
Participants, recruited until the end of 2018, were included in the current study. Inclusion
criteria for patients and partners in both trials included: (1) aged 18 years or older, and (2) able
to understand Dutch. Inclusion criteria for patients included: (1) having an ABI, and (2) living
independently prior to the injury. Patients with neurodegenerative or progressive ABI were
excluded from both trials. Additional in- and exclusion criteria were specified to ensure safety
or determine suitability for the experimental interventions of the trials. Additional inclusion

criteria for patients in the CARE4Patient trial were: (1) planned to be discharged home, (2) able
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to follow instructions (Mini-Mental State Examination > 18), (3) having limited mobility
(Functional Ambulation Category < 5), and (4) no significant symptoms of depression
(depression subscale of the Hospital Anxiety and Depression Scale > 11). In addition, patients
and partners were excluded from CARE4Patient if they reported a serious comorbidity that
interfered with participation or were medically unstable. Partners were excluded from the
CAREA4Carer trial if they: (1) were unable to use a computer, or (2) had no internet access. All

participants gave written informed consent.

Measurements

In this study, we used baseline data from patients and partners participating in the
CAREA4Patient and CARE4Carer trials. Baseline measurements for CARE4Patient were taken
during inpatient rehabilitation and those for CARE4Carer during outpatient rehabilitation.
Family functioning was assessed using the General Functioning subscale of the McMaster
Family Assessment Device (FAD-GF).?’ Patients and partners indicated their level of
agreement (i.e., strongly disagree, disagree, agree, strongly agree) with 12 statements. Each
statement was scored from 1 to 4, with higher scores reflecting poorer family functioning. A
mean score of 2.0 or higher is defined as ineffective family functioning.?® The Family
Assessment Device (FAD) has good psychometric properties.’”-?’ The FAD-GF has good

reliability and validity®® and the Dutch translation has good internal consistency.?!

Patient and partner characteristics included demographics (age, sex, education, and
employment), type of ABI, first or recurrent stroke, time since injury, being inpatient at a
rehabilitation facility or living at home, communicative ability, anxiety and depression, and
caregiver burden. Level of education was dichotomized into ‘higher education’ if participants
had completed at least upper-level secondary school, and ‘lower education’ if they had
completed lower-level secondary school or less. Communicative ability of the patients was
dichotomized into presence or absence of communication restrictions, as indicated by a score
of 3 or less on the Utrecht Communication Observation (UCO).3?> Anxiety and depression
among both patients and partners were assessed using the Hospital Anxiety and Depression
Scale (HADS).>* The HADS consists of a 7-item anxiety and a 7-item depression subscale.
Subscale scores above 7 suggest a mood disorder. Caregiver burden was assessed among

partners with the Caregiver Strain Index (CSI).3*3% The CSI consists of 13 items which can be
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scored as ‘yes’ or ‘no’. The total score ranges from 0 to 13, with higher scores reflecting higher

caregiver burden. A score of 7 or higher indicates substantial caregiver burden.

Statistical analyses

Normality of distribution of the data was assessed by Shapiro-Wilk tests and visual plots.
Descriptive analyses were applied to describe the study sample, using means and standard
deviations for normally distributed data and medians and interquartile ranges for non-normally
distributed data. Independent samples t-tests, chi-square tests or Mann-Whitney U tests were
conducted to test differences in demographic and psychosocial variables between effective and
ineffective family functioning, in both patients and partners. The intraclass correlation
coefficient (ICC) was used for measuring agreement within patient-partner dyads on their
perception of family functioning. ICC estimates and their 95% confidence intervals (CIs) were
calculated based on a single-rating, absolute agreement, two-way mixed-effects model. ICC
values below 0.50 indicate poor agreement, values between 0.50 and 0.75 moderate agreement,
values between 0.75 and 0.90 good agreement, and values greater than 0.90 excellent
agreement.® A Bland-Altman plot was used to graphically display the level of agreement.?’
Agreement on individual items was evaluated as the percentage absolute agreement (exact
patient-partner score matches). Weighted kappa values with quadratic weights were also
calculated to determine item-level agreement within dyads. Kappa values below 0.00 indicate
poor agreement, values between 0.00 and 0.20 slight agreement, values between 0.21 and 0.40
fair agreement, values between 0.41 and 0.60 moderate agreement, values between 0.61 and
0.80 substantial agreement, and values over 0.81 almost perfect agreement.*® Wilcoxon signed-
rank tests were used to test differences in the perception of general family functioning and
regarding individual items. A two-tailed significance level alpha of 0.05 was used for all

statistical tests. Data were analysed using IBM SPSS Statistics version 25 for Windows.

RESULTS

By the end of 2018, a total of 104 patients and their caregivers had been included in the ongoing
CARE4Carer and CARE4Patient studies, 97 of whom provided complete data on family
functioning for both members of the patient-caregiver dyad. CARE4Carer recruited 43 patients
and their partners. CARE4Patient recruited 54 patients and their caregivers, of which 20
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included other caregivers than partners. Those patient-caregiver dyads were excluded from the

current study, resulting in a total of 77 patient-partner dyads. A description of their

characteristics is presented in Table 5.1. Most patients had been diagnosed with stroke (87.0%),

8 of whom had had a recurrent stroke.

Table 5.1. Patients’ and partners’ characteristics (n = 77 dyads).

Characteristics Patients Partners
Age in years, mean (SD) 59.4 (8.7) 57.9 (9.1)
Male sex, n (%) 51 (66.2) 51 (66.2)
Higher education, n (%) 34 (44.2) 24 (31.2)
Employed before ABI, n (%) 53 (68.8) 47 (61.0)
Type of ABI, n (%)

Ischemic stroke 45 (58.4)

Haemorrhagic stroke 22 (28.6)

Traumatic brain injury 8(10.4)

Oncology post-surgery 1(1.3)

Encephalitis 1(1.3)
Time since ABI in days, median (IQR) 80.0 (48.5-133.0)
Living at home, n (%) 43 (55.8)
Communication restrictions (UCO<4), n (%) 5(6.5)
Anxiety (HADS-A) [0-21], median (IQR) 5.0 (3.0-7.0) 5.0 (3.0-8.0)2
Anxiety (HADS-A) > 7, n (%) 18 (23.4) 21 (27.3)?
Depression (HADS-D) [0-21], median 5.0 (2.0-8.0) 4.0 (2.0-7.0)
Depression (HADS-D) > 7, n (%) 25 (32.5) 17 (22.1)
Caregiver burden (CSI) [0-13], mean (SD) 6.9 (2.6)
Caregiver burden (CSI) 27, n % 48 (62.3)

Abbreviations: FAD-GF = McMaster Family Assessment Device-General Functioning; ABI = Acquired Brain Injury;
UCO = Utrecht Communication Observation; HADS = Hospital Anxiety and Depression Scale; CSI| = Caregiver

Strain Index. a = 1 missing.
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Family functioning as reported by ABI patients and their partners

The median FAD-GF score of the patients was 1.50 (IQR = 1.17-1.83) reflecting a positive
perception of family functioning. Fourteen patients (18.2%) had a score of 2.0 or higher,
indicating ineffective family functioning. No significant differences were found between
patients reporting effective and those reporting ineffective functioning (Table 5.2). The median
FAD-GF score of the partners was 1.75 (IQR = 1.17-2.00) reflecting a positive perception of
family functioning. Twenty-five partners (32.5%) reported ineffective family functioning.
Partners reporting ineffective family functioning had significantly higher scores on caregiver
burden (t(75) = —3.84; p < .001, d = 0.92), anxiety (U = 306.0; p < .001, r = —0.42) and
depression (U = 297.0; p < .001, r = —0.44). In addition, partners reported ineffective family
functioning when more time had passed since the brain injury (U = 377.0; p = .003, r = —0.34)
and the patients were more often living at home (X2 = 15.5; p <.001, r = 0.45).

Table 5.2. Characteristics of patients and partners reporting effective versus ineffective family

functioning (n = 77).

Patients Partners
Effective Ineffective Effective family Ineffective
family family functioning family
functioning functioning (n=52) functioning

(n =63) (n=14) (n =25)
Age in years, mean (SD) 59.4 (8.4) 59.3 (10.2) 58.7 (9.3) 56.1 (8.6)
Male sex, n (%) 40 (63.5) 11 (78.6) 21 (40.4) 5(20.0)
Higher education, n (%) 27 (42.9) 7 (50.0) 16 (30.8) 8 (32.0)
Employed, n (%) 44 (69.8) 9 (64.3) 29 (55.8) 18 (72.0)
Time since ABI in days, 73.0 110.5 61.0 106.0
median (IQR) (46.0-131.0) (72.3-137.8) (37.0-117.3) (80.5-153.0)*
Living at home, n (%) 32 (50.8) 11 (78.6) 21 (40.4) 22 (88.0)*
Anxiety (HADS) [0-21], 5.0 4.5 4.0 9.0
median (IQR), (n=76) (3.0-7.0) (2.8-9.8) (3.0-6.0) (5.0-11.5)*
Depression (HADS) [0-21], 5.0 5.0 3.0 7.0
median (IQR) (2.0-8.0) (3.5-8.3) (1.0-6.0) (4.0-10.0)*
Caregiver burden (CSI) [0-13], 6.2 (24) 8.4 (2.4)*

mean (SD)

Abbreviations: HADS = Hospital Anxiety and Depression Scale; CSI = Caregiver Strain Index. * P < 0.01.
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The perception of family functioning within dyads

Poor agreement within patient-partner dyads was observed for the FAD-GF scores (ICC = .45,
95% CI [.25, .61]). The Bland-Altman plot shows the difference between the FAD-GF scores
of patients and partners (Figure 5.1). The mean difference between the scores was 0.11 and the
95% limits of agreement ranged from —0.85 to 1.07. The agreement between patients’ and
partners’ scores was independent of the value of the mean score. A significant difference was
observed between the FAD-GF scores of the patients and those of their partners (Z =2.274, p

=.023), with partners reporting poorer family functioning.
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Figure 5.1. Bland-Altman plot of FAD-GF scores from patients and partners.

Agreement and differences regarding individual items of the FAD-GF are presented in Table
5.3. Within-dyad agreement for the individual items ranged from slight agreement on three
items, to fair agreement on eight items and moderate agreement on one item, viz. ‘4. Individuals
are accepted for what they are’. The lowest percentage of absolute agreement (36.4%) was
found for item 5 “We avoid discussing our fears and concerns’. The item ‘We don’t get along
well together’ had the highest percentage of absolute agreement (71.4%) and a low weighted
kappa (0.12). Further investigation revealed that the dyads showing less than perfect agreement
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on this item had a greater discrepancy: in 5.2% of the dyads one member reported ‘strongly
agree’ while the other member reported ‘strongly disagree’. Significant differences were found

for items 2, 3 and 8, with partners reporting poorer family functioning than patients.

Table 5.3. Agreement and differences on FAD-GF items within patient-partner dyads

Patients Partners Agreement within dyads Differences
within dyads
FAD-GF items Ineffective Ineffective Absolute Weighted Wilcoxon
family family agreement kappa signed-rank
functioning  functioning
(%) (%) (%) (95% ClI) p-value
1. Planning family 7.8 14.3 50.6 0.21 0.053
activities is difficult (0.01-0.41)
because we mis-
understand each other
2. In times of crisis we 52 13.0 59.7 0.29 0.031*
can turn to each other for (0.07-0.50)
support
3. We cannot talk to each 5.2 14.3 51.9 0.22 0.026*
other about the sadness (0.00-0.45)
we feel
4. Individuals are 7.8 11.7 58.4 0.45 0.170
accepted for what they (0.24-0.66)
are
5. We avoid discussing 20.8 15.6 36.4 0.15 0.509
our fears and concerns (-0.08-037)
6. We can express 10.4 11.7 54.5 0.34 0.588
feelings to each other (0.12-0.55)
7. There are lots of bad 5.2 6.5 59.7 0.37 0.654
feelings in the family (0.16-0.58)
8. We feel accepted for 6.5 15.6 50.6 0.29 0.022*
what we are (0.04-0.53)
9. Making decisions is a 3.9 9.1 44.2 0.10 0.097
problem for our family (-0.07-0.28)
10. We are able to make 3.9 26 62.3 0.27 0.157
decisions about how to (0.00-0.54)
solve problems
11. We don'’t get along 26 3.9 71.4 0.12 0.297
well together (-0.09-0.33)
12 We confide in each 3.9 7.8 55.8 0.21 0.180
other (-0.04-0.46)

Abbreviations: FAD-GF = McMaster Family Assessment Device-General Functioning. * p < 0.01.
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DISCUSSION

This is the first study to investigate agreement and differences between patients and their
partners regarding their perception of general family functioning following a brain injury. We
found that agreement within patient-partner dyads was poor. The perception of patients,
primarily poststroke, and their partners differed, with partners reporting significantly poorer

family functioning.

The objective of our study was to describe how patients with ABI and their partners perceive
their family functioning. A previous study reported higher median scores on the FAD-GF in
patients with stroke, indicating poorer family functioning, compared to our study.'* King et al.'*
reported a significant association between patients’ poorer family functioning and depressive
symptoms, 2 years after discharge. We did not find this association, which may be attributable
to the lower proportion of patients with ineffective family functioning in our sample (18.2%
versus 33%). As regards the family functioning of partners, our findings are in accordance with
previous research, which reported ineffective family functioning in about 30% of stroke
caregivers.'>!3 Partners reporting ineffective family functioning in our study perceived higher
burden and had more symptoms of anxiety and depression. This is also in line with previous
studies, which reported associations between family functioning and anxiety and depression in

partners.!3:17-21

Agreement on general family functioning between the patients and their partners was poor (ICC
= .45), which is lower than the agreement found in healthy dyads (ICC = .65).3° A significant
difference was observed between the FAD-GF scores of the patients and their partners, which
is in accordance with a study which also reported poorer family functioning in partners
compared to patients with stroke.?? By contrast, our findings run counter to those from a
previous study which reported significantly poorer family functioning in patients with stroke
compared to their caregivers.'’> That study, however, also included caregivers other than
partners. Partners may perceive poorer family functioning than other caregivers of patients with
stroke.*® Reports on the agreement and differences regarding individual items of the FAD-GF

between patients with ABI and their partners have not been found in the current literature.

Our findings add to the scarce existing knowledge on the agreement and differences regarding

family functioning. Low agreement between the perception of patients and their partners is also
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found in other concepts, such as physical functioning of the patient, cognitive, emotional and
behavioural changes and activities in daily living, where the partners are again more

pessimistic.*!*? The reason for this is unclear and requires further investigation.

The limitations of the current study should be mentioned. First, our study sample mainly
consisted of patients with stroke (87.0%) and therefore these findings cannot be generalized to
a broader population of patients with ABI and their partners. Second, this was a cross-sectional
investigation and therefore the course of family functioning over time remains unclear. Third,
patients and partners were excluded from the CARE4Patient trial if they reported significant
symptoms of depression (HADS-D > 11). Depressive symptoms may influence the agreement
about and differences in perceived family functioning within dyads. Although few participants
have been excluded due to symptoms of depression, our findings should be confirmed in a more

heterogeneous sample with respect to depressive symptoms.

Patients with ABI (mostly stroke) and their partners differed in their perception of family
functioning. Health care professionals should therefore assess family functioning in both
patients with stroke and their partners. When family functioning can only be assessed in one
member of a dyad, it is important to realize that perceptions within dyads may differ. We found
that partners perceived poorer family functioning when more time had passed since the injury
and when the patient had been discharged home. Family functioning is dynamic and likely to
vary over time, as a result of changes in roles (e.g. from partner to caregiver) or depending on
the post-injury phase (acute versus chronic).!41%4344 Agreement about and differences in family
functioning between patients and partners may also change over time. Family-centred
interventions should be started early in the rehabilitation process, with repeated monitoring of
the family functioning in both members of the dyad. Healthcare professionals should explore
any discrepancies in the perception of family functioning and discuss these with both patient

and partner.
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Chapter 6

ABSTRACT

Background: Recovery of walking ability is an important goal for patients poststroke, and a basic level
of mobility is critical for an early discharge home. Caregiver-mediated exercises could be a resource-
efficient strategy to augment exercise therapy and improve mobility in the first months poststroke. A
combination of telerehabilitation and face-to-face support, blended care, may empower patient-
caregiver dyads and smoothen the transition from professional support to self-management. The
ARMed4Stroke study aims to investigate the effects of a caregiver-mediated exercise program using a
blended care approach in addition to usual care, on recovery of mobility in the first 6 months poststroke.
Methods: A multicentre, observer-blinded randomized clinical trial in which 74 patient-caregiver dyads
will be enrolled in the first 3 months poststroke. Dyads are randomly allocated to a caregiver-mediated
exercises intervention or to a control group. The primary endpoint is the self-reported mobility domain
of the Stroke Impact Scale. Secondary endpoints include care transition preparedness and psychological
functioning of dyads, length of inpatient stay, gait-related measures and extended ADL of patients, and
caregiver burden. Outcomes are assessed at enrolment, end of treatment and 6 months follow-up.
Results: During 8 weeks, caregivers are trained to become an exercise coach using a blended care
approach. Dyads will receive a tailor-made, progressive training program containing task-specific
exercises focusing on gait, balance, physical activity and outdoor activities. Dyads are asked to perform
the training program a minimum of 5 times a week for 30 min per session, supported by a web-based
telerehabilitation system with instruction videos and a messaging environment to communicate with
their physiotherapist.

Conclusions: We hypothesize that the ARMed4Stroke program will increase self-reported mobility and
independence in ADL, facilitating an early discharge poststroke. In addition, we hypothesize that active
involvement of caregivers and providing support using blended care, will improve the care transition
when professional support tapers off. Therefore, the ARMed4Stroke program may complement early

supported discharge services.
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BACKGROUND

In 2017, approximately 104 million people were living with the consequences of stroke.! Most
patients have long-term disabilities and remain dependent on informal caregivers.? Stroke
rehabilitation is typically front-loaded, with resources mainly focused on inpatient care.’ After
discharge, professional support tapers off and the majority of home-dwelling stroke patients are
physically inactive.* Caregivers provide sustained support and could promote self-generated
physical activity.’ However, caregivers often feel unprepared for their new caregiving role® and
nearly half of community-dwelling stroke patients continue to report unmet needs across a
range of clinical domains including mobility and emotional well-being.” Improving the
transition from inpatient stroke rehabilitation to the community is identified as a high priority
topic by the World Stroke Organization.® Early supported discharge (ESD) services were
developed to improve the transition and facilitate community reintegration by accelerating
inpatient discharge and providing an equivalent level of rehabilitation at home.® Although the
content of an effective service is not clearly defined, it has been shown that ESD can reduce
disability and long-term dependency.!? However, a basic level of mobility such as the ability to
stand up from a chair is critical for the possibility of an early discharge.'! In addition, patients
still experience an abrupt and disjointed care transition when professional support from an ESD
team dwindles and caregivers would benefit from more support and training.'?> Hence, strategies
to improve mobility in the first months poststroke and smoothen the care transition are needed

to facilitate and complement current ESD services.

Training caregivers to become an exercise coach and perform caregiver-mediated exercises
(CME) may be a resource-efficient strategy to augment exercise therapy in the first 6 months
poststroke.!> Meta-analyses have shown that augmented exercise therapy and repetitive,
progressive and task-oriented training can improve mobility and independence in activities of
daily living (ADL) in the first 6 months poststroke.'*!> In addition, involving caregivers in goal-
setting and rehabilitation may smoothen the care transition by improving preparedness for
discharge and enhancing self-efficacy in the home setting. A blended care approach, consisting
of a combination of telerehabilitation and face-to-face support, is another promising paradigm
to facilitate the transition from professional support to self-management.' Two recently
conducted randomized controlled trials (RCTs) showed that CME supported by an offline
application with exercise videos was feasible, safe, and effective in improving psychological

outcomes.'”!® In addition, dyads randomized to the CME intervention experienced a smooth
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transition to the home setting.!® Unfortunately, the intervention did not improve self-reported
mobility, nor were significant differences found for secondary outcomes of physical
functioning. The neutral outcome may be explained by insufficient treatment contrast between
the intervention and control group in terms of total exercise time, as a result of contamination.
Interestingly, the Australian trial did find a reduction in length of stay (LOS) in rehabilitation
wards and a significant improvement of mobility and extended ADL in a per-protocol analysis
of 20 patients that returned home during the intervention.!” In addition to the CME program,
this subgroup received telerehabilitation and home visits after discharge. Blended care and
extending CME to the community, where caregivers can motivate the patient and provide
continuity of exercises when professional support tapers off, could therefore be a promising

addition to ESD services.

The Allied Rehabilitation using caregiver MEDiated exercises for Stroke (ARMed4Stroke)
study investigates a CME program using a blended care approach, in addition to usual care.
Compared to previous trials, there is an increased focus on joint goal-setting and rehabilitation
in the home situation to increase motivation and stimulate self-management. The training

program is developed to achieve important milestones for community ambulation?%?!

and dyads
are supported by a web-based telerehabilitation system with individualized goals, exercise

videos and a messaging environment to communicate with their physiotherapist.

The aim of this paper is to describe the ARMed4Stroke study design following the SPIRIT
Statement. The multicentre, observer-blinded trial aims to assess the effects of the

ARMed4Stroke program in addition to usual care, starting during the subacute phase poststroke.

We hypothesize that the ARMed4Stroke program will:
1) Increase patients’ self-reported mobility;
2) Smoothen the care transition, resulting in reduced LOS and better preparedness for
discharge;
3) Improve psychological functioning of patients and caregivers, such as mood and self-

efficacy.
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METHODS
Design

The ARMed4Stroke study is designed as a multicentre, observer-blinded, phase II, randomized
controlled superiority trial with two parallel groups. Patient-caregiver dyads will be randomly
allocated at a 1:1 ratio to 8 weeks of CME and telerehabilitation (ARMed4Stroke program) in
addition to usual care, or usual care alone. The trial is registered since 11 December 2018 in the
Netherlands Trial Register as NL7422. The study protocol was approved by the Medical Ethics
Review Committee of VU Medical Centre on April 30", 2019, and is registered with trial
number 2019.081 - NL67357.029.18.

Setting

The multicentre study is conducted in the in- and outpatient clinics of 4 rehabilitation centres
in the Netherlands: 1) Reade Rehabilitation, Amsterdam; 2) Roessingh, Centre for
Rehabilitation, Enschede; 3) Sint Maartenskliniek, Nijmegen; and 4) Vogellanden, Zwolle. The
Amsterdam UMC, location VU Medical Centre, is the initiator of this study in collaboration
with Amsterdam Rehabilitation Research Centre | Reade and Roessingh Research and

Development, Enschede.

Participants

Seventy-two patients with stroke, and 1 or 2 of their informal caregivers will be enrolled during
in- or outpatient rehabilitation. The caregiver can be a partner, family member, or other person
close to the patient. They are not healthcare professionals, nor are they paid for their efforts.
Stroke is defined by the World Health Organization as ““a clinical syndrome typified by rapidly
developing signs of focal or global disturbance of cerebral functions, lasting more than 24 hours
or leading to death, with no apparent causes other than of vascular origin”.??> Subarachnoid
haemorrhage, and stroke resulting from a brain tumour or traumatic brain injury are excluded

as these subtypes differ in their prognosis.
Inclusion criteria for both patient and caregiver are: 1) 18 years or older; 2) written informed

consent; 3) able to understand the Dutch language on sufficient level to understand instructions

and complete the questionnaires; and 4) motivated for CME. Inclusion criteria for the patient
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are: 1) < 3 months poststroke; 2) living independently prior to stroke; 3) discharged or planned
to be discharged home; 4) able to follow instructions (Montreal Cognitive Assessment [MoCA]
score > 21 points); and 5) able and willing to appoint an informal caregiver. An additional
inclusion criterion for the caregiver is: being medically stable and able to support the patient.
A trained physiotherapist will judge safety and determine if caregivers are physically and
mentally able to support the patient during an intake exercise session. Exclusion criteria for
both patient and caregiver will be a serious comorbidity that interferes with participation, e.g.,
premorbid restrictions in mobility as a result of a neurological disease, congestive heart failure
or fractures of the lower extremity. Patients will not be enrolled in other clinical trials during

the study period.

Baseline characteristics

Demographic and social characteristics of patients and caregivers will be recorded at baseline
including: age, sex, country of birth, level of education, type and duration of relationship, living
arrangement, work status, and comorbidities following the Cumulative Illness Rating Scale.??
In addition, we will document stroke characteristics: type and location, stroke severity
following the Bamford classification system,** date of stroke, previous stroke, hemiplegic side,
presence of sensory deficits, hemianopia, neglect or aphasia, communicative ability following

item 19 of the Utrecht Communication Observation,?® and cognition following the MoCA .2

Study procedures

Every patient with stroke, starting in- or outpatient rehabilitation is screened for eligibility
according to the inclusion and exclusion criteria by their rehabilitation physician and/or
physiotherapist. Eligible dyads receive verbal and written information about the study. If a dyad
wants to participate after a reflection period of 1 week, the intake exercise session is scheduled.
Upon enrolment, informed consent will be signed by patient and caregiver(s) and primary and
secondary endpoints are measured by an independent assessor (MM, CN). Following the
assessments, an activity monitor is worn by the patient for 1 week and dyads are randomized to
the intervention or control group at a 1:1 ratio using an online randomization module with a
minimization algorithm to prevent unequal group sizes. The module will be managed by a
researcher (EW, GK) from the initiating institute, not involved in inclusion, assessment or
intervention delivery. Factors in the minimization include: 1) centre; 2) inpatient versus

outpatient; 3) >70 years versus < 70; and 4) Functional Ambulation Category (FAC) 5 versus
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FAC < 5. Primary and secondary endpoints are repeated by a blinded assessor (MM) at the end
of treatment and 6 months follow-up (Figure 6.1: Study design).

Eligibility assessment

Start inpatient or outpatient rehabilitation

Exclusion

Baseline measurement (T0)

<3 months poststroke

Randomization

Intervention group Control group
ARMed4Stroke Usual inpatient
program or
+ Outpatient care
Usual care alone

Postintervention measurement (T1)

Week 9

Follow-up measurement (T2)

6 months after randomization

Figure 6.1. Study design
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During the study period, serious adverse events will be recorded and reported to the Medical
Ethics Review Committee of VU Medical Centre. Data collection is done using electronic Case
Report Forms (eCRFs) within the Good Clinical Practice-proof, cloud-based clinical data
management platform Castor EDC.?” The study is monitored by the independent clinical
research bureau from VU medical centre. Univariate checks, e.g., range checks, and conditional
variables are built-in the eCRFs. The first participant was enrolled on September 2", 2019, and

participants are currently being recruited and enrolled.

ARMed4Stroke intervention program

The ARMed4Stroke program consists of 8 weeks of complementary exercises executed with a
caregiver (CME), in addition to usual care. A trained physiotherapist compiles a tailor-made,
progressive training program, containing personal goals and task-specific exercises focusing on
balance, gait, outdoor activities and physical training. A total of 31 goals and 80 exercises
according to evidence-based physical therapy guidelines?® were developed to achieve important
milestones for community ambulation, based on expert’s opinion and items of the hierarchical
Mini-BESTest* and Rivermead Mobility Index (RMI).>* Dyads are asked to perform the
exercises minimally 5 times a week for 30 min per session. This intensity is in line with current
exercise guidelines®® and was shown to be feasible in previous CME studies.!”!® Dyads are
advised to execute their program outside usual training hours and during weekends, when

patients are mostly inactive.?!3?

Dyads are supported by a trained physiotherapist during at least 4 face-to-face sessions,
scheduled every other week. During the first session, the program is explained in detail and
explicit attention is given to information about the influence of physical activity and exercise
on mood and health-related quality of life.>> In addition, the role of caregivers and their benefits
will be discussed. During subsequent sessions, the program is adapted according to the progress
and personal goals of dyads, barriers are identified and addressed, and dyads are motivated to
continue their exercise program. During the program, dyads are supported by exercise videos
which are built into a web-based telerehabilitation system. Telerehabilitation poststroke should
not be restricted to a time, place or device.'® Therefore, the web-based system can be accessed
on all devices with an internet connection including a computer, tablet or smartphone. In
addition, dyads can communicate a-synchronically (i.e., exchange messages independent of

time) with their physiotherapist. Therapists can use the telerehabilitation system to set-up goals
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and exercises, monitor compliance and progress, give feedback and motivate participants.

Physiotherapists were extensively trained in applying the program to optimize standardization.

Usual care

All participants will receive usual in- or outpatient physical therapy according to the Royal
Dutch Guidelines of Physical Therapy.?® Physical therapy sessions are designed to improve
control of standing balance, physical condition, and walking competency. There are no
restrictions with respect to content, time, or duration of therapy. Patients randomized to the
control group will not have access to the ARMed4Stroke telerehabilitation module and no
explicit attention is given to the involvement of caregivers in goal-setting and rehabilitation.
An 8-week self-reported exercise diary is kept by all the participants to monitor compliance,

record fall incidents and telerehabilitation use in a usual care context.

Outcome measures
Primary endpoint

The primary outcome is the mobility domain of the SIS version 3.0, a stroke-specific
questionnaire that evaluates self-reported health on 8 domains and a visual analogue scale
(VAS). Items are scored on a 5-point Likert scale and domain scores are calculated ranging
from 0 to 100.3 The SIS has excellent clinometric properties in English®** and Dutch.>® The
mobility domain consists of 9 questions about perceived ability to maintain balance, make
transfers or walk in the community. The other 7 domains, the VAS and a composite physical

domain are evaluated as secondary endpoints.

Secondary endpoints patient and caregiver

General Self-efficacy Scale (GSES). The GSES is a valid questionnaire to evaluate general
self-efficacy beliefs.?”3® The 10 items are rated on a 4-point scale and summed to produce a

total score.

Preparedness for Caregiving Scale (PCS) and Transition Preparedness Scale (TPS). The
PCS is a reliable and valid tool to assess transition preparedness in caregivers, to assume their
new role and to handle the stresses of caregiving.?® The PCS was translated to Dutch using

forward- and back-translations and a modified version was developed to assess transition
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preparedness in patients, the TPS. Psychometric evaluation of both scales is currently being

conducted by the authors.

Hospital Anxiety and Depression Scale (HADS) and Computer Adaptive Tests (CAT). The
HADS is a psychometrically robust measure to assess mood.***! The scale consists of two 7-
item subscales for anxiety and depression. In addition, anxiety and depression items of the
Dutch-Flemish PROMIS item bank are administered with CAT.*** CAT dynamically selects
the optimal number of questions and the best next question, based on responses to previous

questions.

Fatigue Severity Scale (FSS). The 9-item FSS is a reliable and valid instrument to assess

fatigue. A mean item score is calculated ranging from 1 to 7.4

General functioning subscale of the McMaster Family Assessment Device (FAD-GF). The
FAD-GF is a reliable and valid questionnaire to determine general family functioning.*®4” A
mean item score is calculated ranging from 1 to 4, based on 12 items. Perceptions of family
functioning can differ and therefore the FAD-GF is administered to both patients and

caregivers.®

Secondary endpoints patient

Length of stay (LOS). LOS is defined as the number of days between admission and discharge
from the rehabilitation centre and will only be considered as a secondary endpoint for patients

enrolled during inpatient rehabilitation.

Stroke Self-efficacy Questionnaire (SSEQ). The SSEQ is a reliable and valid measure of self-
efficacy in relevant domains of functioning poststroke.* The SSEQ con-sists of 13 items with
scores ranging from 0 to 10. Rasch analysis identified 2 dimensions: 1) Activity; and 2) Self-

management;>® and we will report these separate dimensions.
RMI. The RMI measures self-reported mobility post-stroke with 14 questions and 1

observation.’! A total score of 0 to 15 is calculated. Psychometric properties of the English and

Dutch version®'-3 have been established.
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FAC score. Functional walking ability is evaluated with the 0 to 5 FAC score, a reliable, valid
and responsive scale poststroke.>* An assessor rates the level of independence, regardless of the

use of assistive devices.

Six-minute Walking Test (6MWT) and Five-meter Walk Test (SMWT). The 6MWT>>% and
SMWT?"% are psychometrically robust tests to determine walking capacity poststroke.
Distance walked during 6 min is recorded in meters. Mean gait speed is calculated in meters
per second based on 3 repetitions. The SMWT at a comfortable speed is recommended as the
most responsive and convenient method of evaluating gait speed, when compared to fast speed

or a 10-m distance.”®

Leg section of the Motricity Index (MI-leg). The MI-leg is a reliable and valid tool to assess
strength and range of motion of the paretic leg.>®! The test consists of 3 joint movements, i.e.,
ankle dorsiflexion, knee extension, and hip flexion which are rated on a 0 to 33 scale and

summed. When the maximum score of 99 is achieved, 1 point is added.

Berg Balance Scale (BBS). The BBS measures balance during 14 tasks.®? Items are rated on a
0 to 4 scale, and a total score is calculated ranging from 0 to 56. Reliability, validity and

responsiveness are established poststroke.52-63

MOX-2 activity monitor. Physical activity will be measured for 7 days during wake hours using
the MOX-2. The MOX-2 is a small, lightweight device and will be worn on the non-paretic
thigh using an adhesive plaster. It measures 3D-accelerations during daily activities and mean

daily physical activity is calculated over 1 week.

Nottingham Extended Activities of Daily Living index (NEADL). The NEADL is a 22-item
reliable and valid test of extended ADL poststroke.3%646> Rasch analysis did not support a
unidimensional structure or polytomous scoring.®® Therefore, the original dichotomous scoring
method and domain scores: 1) mobility; 2) kitchen; 3) household; and 4) leisure, will be used.
Community Ambulation Questionnaire (CAQ). The CAQ measures the level of independent
walking outside the home, i.e., without physical assistance or supervision.’® Patients are
categorized as: 1) unable to walk out-side unassisted; 2) only ambulant around the house (e.g.,
as far as the letterbox); 3) ambulant in the immediate environment (e.g., around the block); or

4) independent community ambulation (e.g., to visit a friend or shop).
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The EuroQol 5D (EQ-5D). The 3-level version of the EQ-5D is a valid and reliable, generic

67.68 The instrument consists of 5

measure of health-related quality of life poststroke.
dimensions: 1) mobility; 2) self-care; 3) usual activities; 4) pain/discomfort; and 5)

anxiety/depression; and a VAS to assess perceived health.

Modified Rankin Scale (mRS). The mRS is a widely used 0 to 5 global rating scale of disability
poststroke. An assessor rates the level of independence in pre-stroke activities. The scale has

good reliability and validity post-stroke.®

Secondary endpoints caregiver

Caregiver Strain Index (CSI) and Care-related Quality of Life instrument (CarerQolL). Both
the CSI’*72 and the CarerQoL7>-7> are reliable and valid instruments to evaluate caregiver
burden. The CSI consists of 13 items which are summed to produce a total score. The Carer-

QoL consists of seven 3-level burden dimensions and a 0 to 100 VAS measuring happiness.

Power analysis

We expect a significant improvement of 10 points (10%) on the SIS mobility domain (mean
79.4, SD 14) in favour of the intervention group. We expect that minimally 30 patients are
required per trial arm.”® Including 20% drop-outs (for patients and caregivers), a sample size of
72 patient-caregiver dyads is needed to achieve sufficient statistical power of 80% using a two-
tailed significance level alpha of p < 0.05. Currently, 26 participants have been enrolled in the

ongoing trial.

Data analyses

Baseline characteristics will be presented in mean and standard deviation or median and
interquartile range, depending on the normality of data distributions judged by visual plot and
Shapiro-Wilk tests. Between-group differences will be studied to determine whether groups are
comparable at baseline using non-parametric Wilcoxon signed rank sum tests when the data is
not normally distributed, or student t-tests for independent samples in the presence of normally
distributed data. The study endpoints will be compared between the intervention and control
group at different time points using linear mixed model analysis. Time since stroke, group

allocation, minimization factors and baseline value of the outcome measure will be added to
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the longitudinal model. Intention-to-treat analysis will be applied, and all hypotheses will be

tested two-sided using a critical value of < 0.05.

DISCUSSION

The ARMed4Stroke trial is a multicentre observer-blinded RCT that aims to investigate the
effects of an improved CME program in addition to usual care on recovery of self-reported
mobility poststroke. CME is a promising paradigm to improve psychological out-comes of
patients with stroke and their caregivers. Unfortunately, two previous CME trials have failed to
achieve sufficient treatment contrast in terms of augmented exercise time.'”!® As a result, these
trials were unable to show an improvement on mobility and other outcomes of physical
functioning poststroke. The current trial aims to continue CME after inpatient discharge, in a
period when professional support tapers off, reducing the impact of contamination and
increasing treatment contrast. We hypothesize that the improved ARMed4Stroke program can

increase self-reported mobility and independence, in addition to psychological improvements.

Although augmented exercise therapy can result in improved walking ability and independence
in ADL,'®!5 it is critical to develop an active lifestyle to prevent deterioration and maintain
physical function in the community.”” Most people with stroke living in the community adopt
a sedentary lifestyle’® and even community-living people with only mild motor impairments,
do not use their walking capacity to engage in physical activity.* The increased focus on
personal goals and rehabilitation in a relevant context aims to heighten motivation. In addition,
caregivers can provide patients with sustained support and motivate patients when professional
support tapers off.> Hence, active involvement of caregivers in goal-setting and exercise therapy
during the rehabilitation phase may promote long-term adherence to recommended physical

activity levels and improve mobility outcome.

Telerehabilitation and CME may be resource-efficient strategies to augment exercise therapy
and continue rehabilitation in the home setting. The current evidence suggests that
telerehabilitation and CME are at least equally effective, when compared to usual care.!>7%-8!
However, we would like to stress the importance of using these strategies to augment or extend
rehabilitation instead of replacing traditional rehabilitation. Rehabilitation should start with

professional face-to-face therapy to establish a good professional relationship and to provide
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greater opportunity for progressive, goal-oriented treatment while ensuring safety. In addition,
caregivers of patients with stroke need professional support during preparation for discharge
and in the first few months of adjustment at home.??> A blended care approach which combines
telerehabilitation with face-to-face support may empower and better prepare patient-caregiver
dyads for inpatient discharge and facilitate the transition from face-to-face therapy to self-

management at home.

The ARMed4Stroke trials investigates a complex rehabilitation intervention with multiple
interacting components and types of support. Physiotherapists are extensively trained in
applying the ARMed4Stroke program and preparing patient-caregiver dyads for their roles in
the intervention to optimize standardization, promote adherence to the multifaceted content and
ensure an optimal quality of intervention delivery. However, healthcare policies and resources
in terms of financial support and staffing can challenge implementation of these complex
rehabilitation trials. Professional support, either face-to-face or using telerehabilitation, after
discharge may not be reimbursed by health insurance. In addition, insufficient staffing and
resources of rehabilitation centres can be barriers for both recruitment and intervention delivery.
Another barrier for recruitment could be the absence of an informal caregiver to participate in
CME. Although our definition of an informal caregiver is broad, the current intervention may

not be suitable for patients with a limited social support system.

Several limitations of our design should be addressed. First, the aim of the current trial does not
include an evaluation of cost-effectiveness. Theoretically, telerehabilitation and CME can be
used to augment exercise therapy and provide sustained support after discharge with limited
resource-use. However, there is currently insufficient evidence about the cost-effectiveness of
these strategies.'>’® Although no formal economic evaluation is planned, the protocol did
include several secondary endpoints which can be used to evaluate cost-effectiveness including
LOS, the EQ-5D and CarerQoL. Second, patient-caregiver dyads and physiotherapists cannot
be blinded to treatment allocation. Therefore, our self-reported outcome measures may be
subject to bias. However, the objective endpoints will be measured by a blinded assessor. Third,
lack of blinding can result in contamination in terms of altered behaviour of the control group
(i.e., CME and independent exercise time) and professionals (i.e., professional exercise time
and telerehabilitation use). Therefore, the level of contamination will be monitored during the
trial. Finally, we excluded patients with severe cognitive and/or communicative abilities to

ensure that instructions are understood, safety is secured, and self-reported questionnaires can
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be completed. Therefore, treatment effects may not be generalizable to more severely affected

patients.

CONCLUSION

In conclusion, the ARMed4Stroke clinical trial investigates the effects of an improved CME
program with an increased focus on personal goals, rehabilitation in the home situation, and
combined with web-based telerchabilitation services poststroke. The ARMed4Stroke study is

an important next step before proceeding to a larger phase III/IV cost-effectiveness trial.
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ABSTRACT

Objective: To assess the added value of caregiver-mediated exercises combined with telerehabilitation
in addition to usual care compared to usual care alone on the self-reported mobility outcome after
subacute stroke.

Design: Multicentre, observer-blinded, parallel randomised controlled trial. An off-site researcher
allocated treatments using minimisation.

Setting: Four rehabilitation centres in the Netherlands.

Participants: Forty-one patient-caregiver dyads within 3 months poststroke.

Intervention: Eight-week blended care program with caregiver-mediated mobility exercises for 2.5 h
per week supported by telerchabilitation and four face-to-face sessions in addition to usual care.

Main measures: Self-reported mobility domain of the Stroke Impact Scale postintervention. Secondary
outcomes were functional outcome, dyads’ psychosocial wellbeing, care transition to the community
post-intervention and after 6 months.

Results: Forty-one dyads (21 intervention, 20 control) were randomised, and 37 (n = 18; n = 19) were
analysed following intention-to-treat. The Stroke Impact Scale mobility was not significantly different
between groups postintervention (B 0.8, 95% CI -6.8-8.5, p = 0.826). The secondary outcomes, namely,
(a) caregivers’ quality of life postintervention (p = 0.013), (b) caregivers’ symptoms of depression
postintervention (p = 0.025), and (c) independence in leisurely activities at 6 months (p = 0.024), showed
significant benefits in favour of caregiver-mediated exercises with telerehabilitation. A significant
difference favouring controls was found in self-reported muscle strength at 6 months (p = 0.002).
Conclusions: Caregiver-mediated exercises combined with telerehabilitation yielded no differential
effect on our primary outcome self-reported mobility. Although the trial is underpowered, current
findings are in line with previous trials. Future studies should further explore beneficial effects of

caregiver involvement in stroke rehabilitation targeting psychosocial wellbeing.
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INTRODUCTION

Recovery of independent mobility (e.g. walking and maintaining balance) is a top priority of
patients poststroke.! In addition, independent mobility determines to a great extent the ability
to return home? and level of dependence on informal caregivers. It is estimated that
approximately 75% of stroke survivors achieve independent mobility.> However, a risk of
mobility deterioration exists when professional support tapers off.*> Intensive, repetitive task
training promotes recovery of mobility and independence in ADL in the first 6 months
poststroke®’ and is recommended by clinical guidelines worldwide. Although the optimal dose
remains unclear, the evidence suggests that more is better.® The recently updated National
Institute for Health and Care Excellence (NICE) guideline for stroke in the United Kingdom
recommends at least 3 h of individualised motor/functional therapy a day.’ Unfortunately,
patients often do not receive recommended amounts of training as a result of low staffing levels
and time spent in non-patient activities.!” Training of patient-caregiver dyads to perform task-
specific exercises together, i.e. caregiver-mediated exercises, has the potential to augment
training without increasing costs.!! In this trial, a dyad refers to a patient and informal caregiver
pair. Blended care, i.e. combining face-to-face support with telerehabilitation, may be a
promising approach to provide tailored support to dyads and facilitate the transition to self-
management at home.'> Moreover, informal caregivers can provide sustained support after

discharge and promote continued activity in the community.

The primary objective of this randomised controlled trial was to assess the added value of
caregiver-mediated exercises combined with telerehabilitation in addition to usual care after
subacute stroke on patients’ self-reported mobility outcome when compared with usual care
alone. Secondary objectives were to assess the differential effects on patients’ functional
outcome, dyads’ psychosocial wellbeing and on the care transition in terms of length of stay

and preparedness for discharge.

METHODS

We conducted a multicentre, observer-blinded randomised controlled trial with two parallel
groups (trial registration NTR7664, 11 December 2018). The study protocol with the acronym
Allied Rehabilitation using caregiver-Mediated exercises combined with telerehabilitation for

Stroke (ARMed4Stroke) was extensively described and published previously.!* No protocol

197




Chapter 7

changes were made after trial commencement, and no protocol violations were found during
monitoring visits. The Medical Ethics Review Committee of VU Medical Centre approved the
study protocol on 30 April 2019 (2019.081 — NL67357.029.18), and all participants gave
written informed consent. Recruitment started in September 2019 and ended in September
2022, with the last follow-up measurement in January 2023. The current report of results

follows the CONSORT statement.'*

Patients and caregivers were recruited from four rehabilitation centres in the Netherlands during
in- or outpatient care: (a) Reade Centre for Rehabilitation and Rheumatology, Amsterdam; (b)
Roessingh, Centre for Rehabilitation, Enschede; (¢) Sint Maartenskliniek, Nijmegen; and (d)
Vogellanden, Zwolle. Eligibility was determined in the first week of admission by a
rehabilitation physician or physical therapist. Inclusion criteria were as follows: aged >18 years;
willing to participate and able to understand Dutch on a sufficient level to understand
instructions; complete self-reported questionnaires; and provide written informed consent.
Additional inclusion criteria for patients were <3 months poststroke according to the WHO
definition!® excluding subarachnoid haemorrhage, living independently pre-stroke, planned to
be discharged home or living at home, able to follow instructions (Montreal Cognitive
Assessment >21) and willing and able to appoint a caregiver. Caregivers were defined as
persons close to the patient (e.g. partner, family and friend) who were not practicing healthcare
professionals nor were they paid for their efforts. Caregivers were eligible if they were mentally
and physically able to support the patient, as determined by a trained physiotherapist during an
intake exercise session. Exclusion criteria for both were a serious comorbidity that interfered
with the intervention (e.g. lower extremity fracture) or not being medically stable. After
baseline assessment by a blinded observer (MM), an off-site researcher (EW) randomly
allocated eligible dyads to the Armed4Stroke intervention in addition to usual care or to usual
care alone using an online randomisation module with a minimisation algorithm. Covariates in
the minimisation were as follows: (a) centre; (b) inpatient vs outpatient; (c) age >70 vs <70;
and (d) functional ambulation categories <5 vs 5. The off-site researcher informed the
physiotherapist about the assigned intervention. Physiotherapists and dyads could not be

blinded to treatment allocation.
The ARMed4Stroke intervention was an 8-week progressive, task-specific exercise program

focused on mobility in addition to usual care after subacute stroke. Mobility training was

supervised by an informal caregiver, supported using blended care with a minimum of four
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face-to-face sessions scheduled every other week and asynchronous support via the online
telerehabilitation platform Telerevalidatie.nl.'® The physiotherapist composed a tailor-made
exercise program in face-to-face consultation with dyads. Dyads were asked to perform
exercises together for a minimum of 5 x 30 min per week and were encouraged to train outside
of'usual training hours and in weekends. During caregiver-mediated exercises, dyads had access
to their tailored exercise program with exercise videos, personal instructions, mobility
milestones and a messaging environment for asynchronous consultation via the
telerehabilitation platform. During face-to-face sessions, patients and caregivers were trained
and educated; treatment fidelity was discussed; barriers or facilitators were addressed; progress
was evaluated; novel goals were identified; and the exercise program was modified accordingly.
Patients in both study arms received usual mobility exercise therapy following guidelines from
the Royal Dutch Society for Physical Therapy.'” Multidisciplinary teams and supporting staff
were instructed that content, frequency, and duration of regular therapies should be scheduled
as usual in both arms. Patients in the control group did not have access to the ARMed4Stroke
module on the telerehabilitation platform, and no explicit attention was given to caregiver
involvement. All participants kept an 8-week diary to monitor compliance, fall incidents and
estimate treatment contrast. Participants reported daily mobility-related exercise minutes with
an informal caregiver, with a nurse, in therapy and self-directed exercise time. In addition,

telerehabilitation use and fall incidents were recorded weekly.

Outcomes were assessed by a blinded observer at baseline (<3 months poststroke), 8 weeks
(postintervention) and 6 months follow-up. The primary outcome was the self-reported mobility
domain of the Stroke Impact Scale 3.0 after 8 weeks. The mobility domain consists of nine
questions about perceived ability to maintain balance, make transfers, walk and climb stairs.
Questions are rated on a 5-point Likert scale, and a domain score (0-100) is calculated. The
Stroke Impact Scale has excellent psychometric properties.'® Secondary outcome measures
were described in our study protocol, including references.!* Secondary outcomes to establish
effects on patients’ functional outcome were the other domains of the Stroke Impact Scale,
Rivermead Mobility Index, Functional Ambulation Category, 6 min walking distance, 5 m
comfortable walking speed, Motricity Index Leg Score, Berg Balance Scale, Nottingham
Extended ADL Scale, Community Ambulation Questionnaire and modified Rankin Scale at 8
weeks and 6 months follow-up; and the mobility domain of the Stroke Impact Scale at 6 months.
Differential effects in dyads’ psychosocial wellbeing were evaluated at 8 weeks and 6 months

follow-up using the Stroke Self-efficacy Questionnaire and EuroQol-5D for patients, modified
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Caregiver Strain Index, Care-related Quality of Life Instrument (seven dimensions and Visual
Analogue Scale) for caregivers, General Self-efficacy Scale, Hospital Anxiety and Depression
Scale, PROMIS Computer Adaptive Tests for anxiety and depression, Fatigue Severity Scale
and the general functioning subscale of the McMaster Family Assessment Device for both
patients and caregivers. Differential effects in the care transition were evaluated at 8 weeks and
6 months follow-up using the Transition Preparedness Scale for patients and Preparedness for
Caregiving Scale for caregivers and using length of stay defined as the number of days between

hospital admission and discharge home.

Statistical Analyses

Success of observer-blinding was tested by comparing actual with guessed allocation using
Cohen’s k statistic. Baseline differences between groups were evaluated using Chi-squared
tests, independent samples t-test or non-parametric Mann-Whitney U tests, where appropriate.
Treatment effects were evaluated according to intention-to-treat and compared between groups
at different time points using a linear mixed model for continuous outcomes and generalised
estimating equations for ordinal outcomes. Differences in the care transition were only analysed
in participants recruited during inpatient rehabilitation. Group allocation, time, a group-time
interaction term and baseline values of the dependent were included as covariates. All
hypotheses were tested using a two-tailed significance level alpha of 0.05. Data were analysed
using IBM SPSS Statistics version 28. Sample size calculation showed that 72 dyads were
required to achieve sufficient statistical power (80%) to detect a significant between-group
difference of 10 points (10%) on the mobility domain of the Stroke Impact Scale (mean 79.4,
SD 14) using a two-tailed significance level alpha of 0.05, including a 20% drop-out rate.!* Due
to the unexpected halt of recruitment in March 2020 and the subsequent slowdown of
recruitment after restarting the trial during the COVID-19 pandemic, an unplanned futility
analysis of the primary outcome was performed when sources of funding ended in September
2022. A conditional power of 20% was used to establish futility. The adjusted p-value for the
efficacy analysis was based on 41 patients of the required 72 patients. Using the Lan-DeMets
alpha spending function for the Pocock boundary, the adjusted p-value was equal to 0.035."°
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RESULTS

A total of 41 dyads were recruited (Figure 7.1: CONSORT flowchart) and randomised to the
ARMed4Stroke group (n = 21) or usual care alone (n = 20). Low agreement was observed
between blinded guesses from the assessor and actual treatment allocation (k=0.219, p =0.161),

indicating successful blinding.

== CONSORT

L7 I TRANSPARENT REPORTING of TRIALS

Assessed for eligibility (n=1087)

Excluded (n=1046)

- Not meeting inclusion criteria (n=484)

- Declined to participate (n=82)

- Missed for screening COVID-19 (n=107)
- No mobility-related goals (n=256)
Logistically not feasible (n=64)
Randomized (n=41) |- Other reasons (n=52)

Allocated to intervention (n=20) Allocated to control (n=21)
- Rgoeived all_ocaied interv_emion (n_=19) Allocation - Received allocated intervention (n=21)
- Did not receive allocated intervention (n=1) - Did not receive allocated intervention (n=0)

Reason: caregiver withdrew

L l

Loss to follow-up (n=3) Y Loss to follow-up (n=2)
Death (n=2) Follown Serious adverse event (n=1)
Withdrew (n=1) Withdrew (n=1)

| l

Analysed (n=18) Analysed (n=19)
Reason: 2 lost to follow-up before the post Reason: 2 lost to follow-up before the post
intervention measurement intervention measurement

Analysis

Figure 7.1. CONSORT 2010 flow diagram
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Self-reported mobility-related exercise minutes (caregiver-mediated, self-directed, in

therapy and with a nurse) during 8 weeks are reported in Table 7.1.

Table 7.1. Total self-reported exercise minutes during 8 weeks

Self-reported exercise Usual care median (IQR)  ARMed4Stroke median (IQR) p-value
minutes

With a therapist 1445 (740-2633) 1420 (720-2250) 0.778
Self-directed 1005 (873-1880) 1950 (750-2690) 0.540
With a nurse 30 (0-295) 0 (0-20) 0.101
Caregiver-mediated 435 (235-1145) 1260 (930-1980) 0.006*

Abbreviations: IQR = Interquartile Range * p < 0.05

Median caregiver-mediated exercise minutes in the ARMed4Stroke group slightly exceeded the
intended dose of 1200 min, and a significant treatment contrast was observed (p < 0.006). No
significant contrast was observed in the total mobility-related exercise time (p = 0.221) with a
median of 3875 min (IQR 2185-6605) in the usual care group compared to 5010 min (IQR
4060-6120) in the ARMed4Stroke group. In the usual care group, five falls were reported
compared to four falls in the ARMed4Stroke group (p = 0.703).

Baseline characteristics are presented in Table 7.2. Patients had an average age of 62 years (SD
10.2), while the caregivers’ mean age was 59 years (SD 11.5). Approximately 56% of our
patients were male, and almost 15% of them were not born in the Netherlands. Most patients
(90.2%) were recruited during inpatient rehabilitation, participated with their partner (95.1%)
and were on average 56 days (SD 16.6) poststroke. A significant between-group difference was
observed in stroke classification (p = 0.036), with a higher proportion of lacunar strokes in the
ARMed4Stroke group. No significant baseline differences were observed in our primary

outcome measure (MD —9.91, 95% CI —22.77-2.95, p = 0.127) or secondary outcome measures.
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Table 7.2. Baseline characteristics

Patient Control (N =20) ARMed4Stroke (N=21) p-value
Sex, female/male 8/12 10/11 0.623
Mean age (SD), years 63.0 (8.9) 61.3 (11.5) 0.608
Education, low/high’ 713 9/12 0.606
Country of birth, Dutch/other 17/3 18/3 1.000
Living arrangement, alone/together 119 1/20 1.000
Working before stroke, yes/no 9/11 15/6 0.086
CIRS (0-52), median (IQR) 4.0 (2.0-5.0) 2.0 (1.0-4.0) 0.164
Rehabilitation phase, in/outpatient 17/3 20/1 0.343
Mean time poststroke (SD), days 56.8 (17.1) 55.2 (16.6) 0.775
Stroke type, haemorrhagic/ischaemic 6/14 7714 0.819
Stroke location, right hemisphere/ 10/7/2/1 18/2/1/0 0.051
left hemisphere/brainstem/cerebellum

Recurrent stroke, yes/no 1/19 1/20 1.000
Aphasia, yes/no 119 1/20 1.000
Hemianopia, yes/no 317 0/21 0.107
Bamford, LACS*/PACS/POCS/TACS 10/6/1/3 18/3/0/0 0.036*
MoCA (0-30), mean (SD) 26.3 (2.3) 25.6 (2.0) 0.314
Caregiver Control (N =20) ARMed4Stroke (N =21) p-value
Sex, female/male 10/10 11/10 0.879
Mean age (SD), years 60.2 (12.2) 58.4 (10.9) 0.624
Education, low/high1 9/11 9/11 1.000
Country of birth, Dutch/other 19/1 16/4 0.184
Relationship to patient, partner/other 191 18/2 0.606
Living together, yes/no 20/0 19/2 0.488
Median duration relationship (IQR), years ~ 39.5 (26.3-45.0)  35.5 (22.0-43.8) 0.492
Working (before stroke), yes/no 10/10 16/5 0.082
CIRS (0-52), median (IQR) 0.5 (0.0-2.0) 2.0 (0.0-4.0) 0.247

Abbreviations: SD = Standard Deviation; IQR = Interquartile Range; CIRS = Cumulative lliness Rating Scale;
LACS = Lacunar Stroke; PACS = Partial Anterior Circulation Stroke; POCS = Posterior Circulation Syndrome;
TACS = Total Anterior Circulation Stroke; MoCA = Montreal Cognitive Assessment. ' Education: low = none /
primary school / secondary school / intermediate vocational education; high = higher vocational education /

college / university. *p < 0.05.
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The absolute mean values (SD) of our primary and secondary outcomes at different time points
and between-group results of the linear mixed model and generalised estimating equations
analyses corrected for baseline score are presented in Table 7.3. No significant differences were
observed between groups for the primary outcome measure, Stroke Impact Scale mobility, after
8 weeks (B 0.8, 95% CI —6.8-8.5, p = 0.826). Conditional power was calculated, and futility
(<0.2) was established (0.066). We concluded that extending recruitment by applying for novel

funding would not result in efficacy, and the project team decided to stop the trial.

After 8 weeks, no significant differential effects were observed in patients’ functional outcome
or psychosocial wellbeing. We did observe significant beneficial effects in caregivers’
psychosocial well-being, following the Care-related Quality of Life Instrument (seven-
dimension score p = 0.013 and Visual Analogue Scale p = 0.042) and depression domain of the
Hospital Anxiety and Depression Scale (p = 0.025) after 8 weeks. After 6 months of follow-up,
we observed a significant between-group difference in terms of the functional outcome on the
leisure domain of the Nottingham Extended ADL scale (p = 0.024) in favour of the
ARMed4Stroke group and on the strength domain of the Stroke Impact Scale (p = 0.002)
favouring the control group. No significant beneficial effects were observed in psychosocial
wellbeing after 6 months. Within the subgroup of patients recruited from an inpatient setting,
no significant differential effects were established in the care transition. A non-significant
difference was observed between groups in the length of stay with a mean stay of 91.0 days
(SD 29.0) in the usual care group compared to 83.9 days (SD 23.4) in the ARMed4Stroke group
(MD 7.06; SE 8.98; 95% CI —11.24-25.35; p = 0.438).
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DISCUSSION

The main finding of this multicentre, randomised con-trolled trial is that our intervention
yielded no significant differential effect on the primary outcome, patients’ self-reported
mobility following the Stroke Impact Scale after 8 weeks, when compared to usual care alone.
Within the subgroup of patients recruited during inpatient care, we found no clear benefits with
respect to the care transition to the community. We did observe an added value on patients’
independence in leisurely activities after 6 months and care-givers’ psychosocial wellbeing at

8 weeks in line with previous trials.2-2

Caregiver-mediated exercises combined with telerehabilitation in addition to usual care did not
result in an improvement of patients’ self-reported mobility after 8§ weeks when compared with
usual care nor after 6 months follow-up. Despite the lower number of subjects recruited than
foreseen in the study protocol, we found no trend in the futility analysis. The neutrality of
findings is supported by the absence of beneficial effects on secondary functional outcome
measures, with the exception of independence in leisurely activities at 6 months. These findings

20,21,23 but runs

are in line with several other caregiver-mediated exercise studies poststroke,
contrary to another small sampled trial by Galvin et al.>* The effect estimates reported by Galvin
et al., however, were not adjusted for baseline imbalances and may be overly optimistic. Our
hypotheses were based on beneficial effects of augmenting task-specific training. Although it
should be acknowledged that estimations of treatment contrast were based on self-report and
not on the actual number of repetitions of task-specific training, the exercise time did not differ
significantly between groups, which may explain the neutral results. Cluster randomisation
could prevent issues of contamination in future studies. In addition, informal caregivers may
already provide training in usual care. To achieve sufficient contrast, a higher dose may be
required, or our protocol may be complemented with other resource-efficient strategies, such as

self-directed,? circuit-class?® or peer-to-peer training. Finally, future trials should consider

sensors to objectively measure activity and record both scheduled and active therapy time.

We additionally hypothesised that active involvement of caregivers and providing blended care
support would empower dyads and improve psychosocial wellbeing as well as the care
transition to the community.!* We found no beneficial effects on patients’ psychosocial
wellbeing; however, our study yielded positive differential effects in caregivers’ wellbeing,

namely, improved quality of life and reduced depressive symptoms after 8 weeks. Despite the
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multiple-comparison problem for these secondary outcomes, the results are in line with
previous caregiver-mediated exercises trials poststroke.??! Moreover, the majority (70%) of
studies investigating mobility-directed, caregiver-mediated exercises reported improved
caregiver outcomes in terms of psychological wellbeing or reduced burden.?” Improved
psychosocial wellbeing of caregivers may be linked to their active involvement in rehabilitation
care, resulting in more insight and knowledge, improved skills to support the patient, feelings
of empowerment and reduced uncertainty. Future caregiver-mediated exercise studies
poststroke should explore more in-depth how caregivers experience their involvement in

rehabilitation care before proceeding to a larger trial to validate these findings.

Our final secondary objective was evaluated within a subgroup of patients recruited from
inpatient care. We hypothesised that active caregiver involvement and provision of blended
care support would smooth the care transition to the community by improving preparedness for
discharge and reducing length of stay.!*> We found no evidence to support our hypotheses with
no significant differences in dyads’ preparedness for discharge. We did observe an important
non-significant difference of 1 week in length of stay favouring the ARMed4Stroke group,
which could potentially reduce costs of care. The lack of significant effects may be explained
by variation in length of stay between settings and patients corresponding to the relatively high
standard deviations observed. Although these findings should be interpreted with caution, we
recommend that future trials are sufficiently powered and include an economic evaluation to

explore this further.

This study reports findings from a multicentre, randomised controlled trial with a rigorous study
design, and the selection of outcome measures follows international consensus statements.?®
However, several study limitations should be acknowledged. First, this study is underpowered
as a result of COVID-19 restrictions. We observed some positive trends on secondary outcome
measures, namely, the functional ambulation categories, modified Ranking Scale and
Nottingham Extended ADL leisure scale after 8 weeks. At 6 months, a trend was observed
towards better perceived recovery and patients’ self-efficacy. However, these trends show
considerable variability and should be interpreted with caution. Second, our primary outcome
measure may suffer from a ceiling effect and may be insufficiently sensitive to quantify change
in mild stroke patients.?’ Future mobility-directed studies should consider 6 min walking
distance or 10 m comfortable walking speed measurement as a primary outcome measure.

Third, a significantly higher proportion of lacunar strokes was seen in the intervention group.
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These patients may have had a slight prognostic advantage but may also have suffered more
from a ceiling effect. Fourth, patients were recruited at arbitrary time points poststroke, which
could have resulted in a type II error. Fifth, our patients were relatively young and mostly
recruited from inpatient clinics, limiting generalizability to other settings. However, diversity
in ethnic background and gender in this sample supports the external validity. Finally, further

investigation is required to study the long-term effects of our program.

Clinical message

= The ARMed4Stroke program did not result in improved self-reported mobility.

= Involving caregivers in task-specific training did not lead to a higher perceived burden
compared to usual care.

= Involvement of caregivers in rehabilitation may improve caregivers’ psychosocial

wellbeing.
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Chapter 8

Safely carrying your (grand)child up the stairs or taking a walk with your dog - restoring
independence in mobility is an important rehabilitation goal for stroke patients and their
caregivers. Physical therapy is a key discipline to deliver interventions aimed at mobility
recovery and stroke patients should be provided with as much scheduled therapy as possible.!
However, patients do not receive recommended amounts of task- and context-specific training
and scheduled therapy stops or its frequency decreases sharply after discharge to the home
setting. Early supported discharge (ESD) services can improve long-term independence in
mobility and self-care tasks by providing intensive multidisciplinary stroke rehabilitation at
home.? Unfortunately, there is no adequate integrated healthcare model for stroke to support
the continuum of stroke rehabilitation and available services and resources vary between and
within countries.>* Moreover, national healthcare budgets are being reduced in the Netherlands
while the demand for care continues to increase. Hence, effective strategies to safely increase
the amount of training and to facilitate continuity of care without increasing already limited
healthcare resources are urgently needed. It is estimated that roughly 90% of stroke survivors
ultimately return to their own home and are largely dependent on informal caregivers to carry
out their everyday activities.>®* Within available rehabilitation services, whether in-clinic or at
home, there is insufficient attention for the transition of care to informal caregivers.”” The
current thesis focuses on caregiver-mediated exercises (CME) combined with telerehabilitation
services to augment the current dose of task- and context-specific training and to facilitate the
transition from inpatient care to community and informal care. Furthermore, this thesis sheds
light on the importance of engaging caregivers in the entire cycle of stroke rehabilitation
including assessment, goal setting, and intervention. In this chapter, we will reflect on our
results within the context of the contemporary focus on healthcare efficiency and home-based
care. We argue that stroke rehabilitation should be reimagined to support high intensity, high
dosed rehabilitation and future research should focus on promising alternative models of care

including telerehabilitation and caregiver-mediated exercises.

Who will achieve independent mobility in the community poststroke?

In the community environment, limited mobility restricts long-term participation in meaningful
social and community activities.'® The ability of a patient to safely transfer from a bed to a chair
is an important prerequisite for an ESD to the community.!' In addition, recovery of
independent walking is the most common goal of inpatient stroke rehabilitation.'> Good

(sitting) balance and lower limb strength are consistently identified in the literature as
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significant prognostic factors for independent walking measured with the Functional
Ambulation Category (FAC).!*!> However, patients that achieve independent walking may
have persistent limitations in walking speed, distance and complex walking skills preventing
them from safely crossing streets allowing to reach the nearest supermarket or bus stop. In
chapter 1 we provided a theoretical model for community ambulation (i.e., independent
mobility outside the home which includes the ability to confidently navigate the community
environment) following the ICF framework. In chapter 2, we presented a prognostic model for
final community ambulation outcome, six months after being discharged home. Patients were
classified as community walkers if they were able to walk to shops or friends without assistance.
Patients were classified as non-community walkers if they were unable to walk outside
unassisted (i.e., household walkers) or were only ambulant around the house or in the immediate
environment (i.e., limited community walkers).!%-!®¥ We investigated a prospectively collected
dataset from a cohort of 243 stroke patients who were able to walk without physical assistance
at discharge from inpatient rehabilitation. Most patients (79.4%) achieved a positive outcome
in terms of independent community ambulation six months later. Independent community
ambulation was predicted based on a comfortable walking speed of 0.5 m/s or faster with a
sensitivity of 94% and a specificity of 54%. The same cut-off value was identified in a cross-
sectional study to discriminate between household and community walking.!® This finding
suggests that this minimum walking speed upon discharge is a prerequisite for walking
performance in the community, as an implicit reflection of dynamic balance and quality of gait.
While walking speed can be used by clinicians during discharge planning and to better inform
patients and their families about their future prospects, it should be acknowledged that even
patients with only slight walking speed limitations may still have an increased fall risk, fear of
falling and reduced walking activity in the community compared to healthy controls.!® In
addition, our model was too pessimistic for patients who walked at slower speeds than 0.5 m/s.
The accuracy of our model, with relatively low specificity and negative predictive value, is in
line with recent models predicting independent walking using FAC.!*!3 This could be explained
by heterogeneity in the timeline and extent of spontaneous recovery poststroke, especially
between patients who are initially more severely affected.?’ However, our study was largely
conducted beyond the time window of motor recovery.?! Within the slower subgroup, return of
independent community ambulation is likely attributable to the adoption of compensatory
strategies. For example, patients may start to use a walking device or learn to shift more weight
to the less affected leg to improve balance. It is also possible that a gradual increase in

therapists’ or caregivers’ perception of safe mobility progressively allows independent
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community ambulation despite slower speeds.?>?* Alternatively, initial walking speed may
have been underestimated in some patients due to fear of falling. This is supported by better
motor function of the affected leg as measured with the Motricity Index in patients with a
positive outcome despite initial slow speed. In a recent study a similar mechanism of “over-
compensating” was described in a subgroup of patients who adopted an asymmetrical gait
pattern despite mild impairment which was explained by low confidence in gait safety.?*
Finally, patients may experience different environmental demands such as varying speed
requirements for crosswalks.?’ Acknowledging that (un)limited community ambulation is not
precisely defined and is probably dependent on varying personal and environmental
characteristics, future research should combine self-reported measures, monitoring data and
psychological information (e.g. balance self-efficacy) to gain more insight into the complex
nature of community ambulation poststroke. High-quality, large datasets in which investigators
use the same outcomes are needed to improve prognostic models for independent mobility and
to allow better phenotyping. The development of dynamic models and use of machine learning
techniques may improve prediction of individual trajectories of mobility recovery,?® which may

allow personalized treatment decisions and improve early triage from acute stroke settings.

Can we improve independent mobility in the community poststroke?

Repetitive task- and context-specific training likely enhances motor learning and mobility
recovery poststroke.”’?” Consequently, task-specific training and walking practice is
recommended by clinical stroke guidelines worldwide.’® Alarmingly, patients poststroke often
do not receive recommended amounts of 45 daily minutes of physical therapy and thus fail to
utilize their optimal recovery potential 3!-33 In addition, recently updated stroke guidelines have
doubled recommended amounts to 3 daily hours of functional therapy (i.e., physical therapy
and occupational therapy).!** Within the context of growing shortages of qualified healthcare
personnel and a rising demand for care, strategies to increase the amount of practice without
substantially increasing financial and human resources are essential. Training informal
caregivers to become an exercise coach and perform task-specific exercises with the patient
(i.e., CME) may be a resource-efficient approach to intensify practice and thus improve
recovery of independent mobility in the community poststroke. In this thesis, we investigated
the effect of CME on mobility and functional recovery poststroke. Our Cochrane review in
chapter 3 showed no beneficial summary effect sizes for CME in terms of independence in

basic or extended activities of daily living (ADL). The findings presented in this review were
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based on a small number of trials with substantial clinical heterogeneity, limiting meta-analyses.
We did report very low to moderate quality, significant evidence that CME may improve
standing balance, walking distance and self-reported mobility, physical functioning and general
recovery. We also reported potential significant benefits on basic ADL independence in a
sensitivity analysis which only included trials focused on the lower extremity. Our review called
for further high-quality research into the efficacy of CME. Hence, we proceeded with the
development of a CME protocol focused on mobility recovery poststroke.’>-*¢ We studied the
effects in the CARE4STROKE trials, two proof-of-concept trials conducted in parallel in the
Netherlands and Australia.’’*® No significant differential effects for CME versus usual care
were found in terms of mobility or functional recovery. A sensitivity analysis, involving a
subgroup of patients who completed CME in the community setting with telerehabilitation
support in Australia, did suggest a positive trend towards improved mobility and a significant
beneficial effect on extended ADL.> In chapter 6 and 7, we presented the protocol and results
of the ARMed4Stroke trial in which we investigated the effects of a CME program combined
with telerehabilitation support. We increased our focus on task- and context-specific practice
in the community by adding relevant exercises and milestones for community ambulation. In
line with previous findings, we found no beneficial effect of CME on mobility or functional
recovery poststroke, except for extended ADL independence in leisurely activities. The neutral
results are supported by an absence of significant effects in two large pragmatic trials conducted
in India*® and rural China.*° Before jumping to the conclusion that CME has no added value to
improve independent mobility in the community, some issues need to be considered. First, we
define CME as a person with stroke performing task- and context-specific exercises together
with an informal caregiver under the auspices of a physical or occupational therapist. Caregivers
in the ATTEND?* and RECOVER® trials did receive training on how to assist CME as part of
a broad rehabilitation intervention. However, the actual performance of CME was only
encouraged and not the intervention type of interest in these trials. Second, the modified Rankin
Scale (mRS) dichotomized into a “good” (mRS 0-2) or “poor” (mRS 3-5) outcome3**° and the
self-reported mobility domain of the Stroke Impact Scale®”-*® may be insufficiently sensitive to
detect a significant improvement in functional independence or mobility, respectively. In
addition, use of the mRS in stroke trials is problematic as its reliability has been shown to be
insufficient and dichotomization increases the risk of incorrectly concluding that a treatment is
ineffective.*! However, neutral results were supported by an absence of significant effects on
secondary outcome measures of mobility and functional recovery.’7-4%42 Third, our hypothesis

of improved mobility recovery is based on increasing task- and context-specific practice. In the
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ATTEND?® and RECOVER® trials, dosing was not protocolized. In contrast, caregivers
provided 16 to 20 hours of CME over a period of 8 weeks in the CARE4STROKE trials.>7-3%42
However, no significant difference was observed in total number of hours spent in task-specific
training, suggesting that we were not successful in intensifying practice. Between-group
differences in self-reported practice were especially prominent in terms of more nurse-led
exercise time in control groups, suggesting contamination bias. Future trials should consider
cluster randomization to prevent contamination. In addition, although previous trials were not
designed to demonstrate non-inferiority, it should be noted that a CME program yielded similar
outcomes in terms of mobility and functional recovery compared to usual care. This suggests
that CME may be a promising alternative, (cost-)effective strategy to deliver task- and context-
specific training. Fourth, context of intervention delivery in terms of geographical and cultural
differences between countries could determine the relevance, feasibility and effectiveness of
CME. Differences in healthcare systems such as timing of discharge and access to adequately
dosed ESD services, outpatient rehabilitation or home-based therapy, may determine the
relevance of CME. Social and cultural differences in terms of family dynamics, social network
composition, employment, other roles and responsibilities, as well as travel distance to the
rehabilitation facility may impact on the feasibility of CME. In chapter 4, we combined
individual patient data from the two identically protocolized CME trials conducted in the
Netherlands and Australia, to learn about possible differences in healthcare systems and culture
such as intensity of usual care, length of stay, patient casemix, living situation and caregiving
relationship. Country of intervention delivery did not modify the trial outcomes despite
significant differences across countries in usual therapy dose, length of stay, patients’ age and
functional status and timing of recruitment poststroke, nor did outcomes change after adjusting
for these variables. Recruitment took approximately 1 year in Australia compared to 2 years in
the Netherlands. Importantly, the proportion of patient-caregiver dyads who were excluded and
the proportion who declined to participate was comparable, suggesting that need for CME was
similar across countries. Also, a significant difference between groups in self-reported CME
time in both countries, with intervention groups approaching the intended dose, suggested that
CME was feasible in both countries. Finally, we observed promising secondary findings
regarding increased independence in extended ADL and improved psychosocial wellbeing in
both patients and caregivers. These findings warrant further investigation, as our trials were not

sufficiently powered to draw definitive conclusions.
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Should we burden caregivers with an active role in stroke rehabilitation?

Most patients who survive a stroke are discharged home, either directly after acute care or
following an extended period of inpatient stroke rehabilitation.*>** In the community, the
responsibility of continuing care including assistance with ADLs shifts heavily onto informal
caregivers. Assuming an informal caregiving role can be burdensome, with elevated levels of
stress reported in 25% to 54% of stroke caregivers.*>#6 Substantial caregiving burden can result

in negative psychological and social consequences including increased symptoms of

47-49 45,47

depression*’* and anxiety,*’*° reduced quality of life,*>*’ social support> and participation in
meaningful activities,’’>? as well as negative changes in quality of the relationship between
stroke caregiver and recipient.’® In chapter 5, we investigated the level of agreement and
differences in perspective between patients and their partners on family functioning poststroke
in a cross-sectional investigation based on aggregated baseline data from two randomized
controlled trials. We concluded that perceptions differed significantly, with partners reporting
poorer family functioning. About 30% of partners in this cohort reported ineffective family
functioning and these partners reported higher caregiving burden and worse mood. In addition,
partners more often reported ineffective family functioning when more time had passed since
stroke onset and when patients were discharged home. These findings highlight the importance
of monitoring family functioning and psychological wellbeing in both patients and informal
caregivers poststroke. In addition, standardized follow-up and assessment of caregivers after
discharge could help identify vulnerable caregivers who require additional support. Difficulty
of caregiving tasks and hours spent caregiving (i.e., objective burden) is associated with
increased stress and psychological burden (i.e., subjective burden) throughout the caregiving

464951 While CME may be an attractive, resource-efficient solution to augment task-

trajectory.
and context-specific practice, it is imported to consider any potential negative consequences in
terms of caregiver wellbeing. In our Cochrane review in Chapter 3, we reported no significant
adverse effect of CME on perceived caregiving burden. These findings were based on two trials
and none of the included studies reported on other measures of caregiver wellbeing such as
mood or quality of life. In Chapter 7, we reported no significant negative effect of CME
combined with telerehabilitation on perceived caregiving burden. In fact, to our knowledge,
there are currently no trials reporting any negative effect of CME and one trial even reported
reduced levels of strain.>® In the ARMed4Stroke trial (chapter 7), we did report a significant
differential effect in terms of improved quality of life and reduced depressive symptoms in

caregivers postintervention. These unexpected promising findings are in line with results from
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the CARE4STROKE trials.3”-3 In these studies, different positive psychological effects were
observed, with caregivers reporting less fatigue,’” higher self-efficacy’” and reduced depressive
symptoms.3? In the Australian sensitivity analysis, a positive trend towards improved mood was
observed using a combined anxiety and depression scale. Beneficial effects of CME in terms
of caregiver psychological wellbeing may be explained by early involvement of caregivers in
rehabilitation goal setting and intervention. Informal caregivers often feel overwhelmed
following discharge from inpatient care and receive little preparation for their new caregiving
tasks.** In a qualitative study investigating the experiences of patients and caregivers who
participated in the CARE4STROKE trial,>> both members of the dyad valued the active
involvement of caregivers during stroke rehabilitation. Patients and caregivers described how
CME provided them with an opportunity to individualize rehabilitation goals and exercises, to
actively contribute to the recovery process, to gain insight and acquire skills which helped them
in the home setting. Future studies should focus on identifying which caregiver profiles benefit
most from structured involvement and how care systems can remain inclusive for patients

without informal support.

Directions for future research and practice

Current demographic and epidemiological trends worldwide, including a growing number of
stroke patients, rising costs of care and persistent shortages of qualified healthcare personnel,
calls for a drastic change in our view on rehabilitation after stroke. In line with these trends,
Dutch healthcare policy is shifting focus from inpatient professional care to home-based
informal care, self-care and virtual care.>® Therefore, I expect that, over the next 10 years, stroke
rehabilitation will shift to the community setting and telerehabilitation will play an increasingly
important role in monitoring and supporting patients at home. While the current evidence-base
supports home-based rehabilitation after stroke,” effectiveness is heavily dependent on delivery
of multidisciplinary rehabilitation at the same intensity as prescribed for inpatient rehabilitation.
These ESD services are currently not part of routine practice in the Netherlands. In addition,
evidence-based stroke rehabilitation whether provided in clinic or at home, requires
challenging, high-intensity practice of walking and walking-related activities to improve
mobility.>” However, only a limited number of studies to date have succeeded in significantly
intensifying task-specific training by at least 20 hours®® and changing clinical practice.’*% A
recently published trial reported promising functional gains following 90 hours of motor

rehabilitation during 3 weeks in the chronic phase poststroke, however, the intervention was
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not cost-effective after nine months.®! Future research should focus on promising, alternative
models of care such as telerehabilitation and CME to deliver high intensity motor rehabilitation

at home including an economic evaluation.

A pragmatic CME trial

A home-based, challenging, high intensity, caregiver-mediated exercises intervention warrants
evaluation of (cost-)effectiveness in a sufficiently powered, pragmatic, cluster-randomized
controlled trial. Patients with stroke should be recruited using broad inclusion criteria from
acute hospital settings to enhance early involvement of informal caregivers. Subsequently, a
case manager should be assigned to the intervention group to coordinate the home-delivered
training intervention. In the home setting, patients and caregivers receive home visits from a
trained physical therapist for one hour a week for twelve weeks. Sessions are focused on
context- and task-specific training in (supporting) walking and walking-related activities. In
addition, face-to-face therapy is supplemented by two (a)synchronous telerehabilitation
sessions a week of one hour with a focus on exercise progression, needs assessments,
personalized goal setting and customized training and education. Patient-caregiver dyads
receive a tailor-made training program with instruction videos of progressively challenging,
high intensity (community) mobility exercises. Patients and caregivers should perform
exercises together (i.e., CME) for one hour daily and patients are encouraged to also perform
self-directed exercises to further intensify daily practice. Progression in the intensity of
exercises during CME can be achieved by using wearable sensors and target thresholds such as
a minimum number of steps taken during CME, in line with a recent trial by Peters and
colleagues (2025) who showed impressive improvements in walking distance, speed, balance
and quality of life by increasing energy expenditure during physical therapy sessions.®? Physical
therapists can monitor participants remotely using these wearables to inform the (a)synchronous
sessions. This home-based, high intensity, caregiver-mediated, training intervention would
result in a dose of 120 hours over a period of twelve weeks, including 84 hours of CME and 36
hours of blended care support. The primary outcome measures to evaluate intervention
effectiveness should focus on clinically relevant community ambulation classification. In
addition, outcome measurement of caregivers’ mood perception and quality of the transition
from inpatient care to community and informal care should be included. Finally, an economic
evaluation should be included to evaluate cost-effectiveness. Aligning with contemporary

policy trends, a stepped wedge design could also be considered to support implementation of
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an ESD service. However, the government should provide reasonable compensation for the

efforts of informal caregivers, including financial compensation and flexible work leave

arrangements.

In conclusion, stroke rehabilitation must be reimagined not only from the patient’s perspective,

but also from that of the informal caregiver. A home-based rehabilitation model - offering early

involvement of caregivers, tailored education and training using a blended care approach,

and a challenging, high-intensity training program of walking- and walking-related

activities - may reduce caregiver burden, support sustainable care, and improve outcomes for

both patients and their informal caregivers.
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LIST OF ABBREVIATIONS

ABI Acquired Brain Injury

ADL/IADL (Instrumental) Activities of Daily Living
ARAT Action Research Arm Test

BBS Berg Balance Scale

BI Barthel Index

CAQ Community Ambulation Questionnaire
CarerQoL Care-related Quality of Life instrument

CART Classification And Regression Tree analysis
CAT Computer Adaptive Tests

CI Confidence Interval

CIMT Constraint-Induced Movement Therapy

CME Caregiver-Mediated Exercises

CRF Case Report Form

CSI Caregiver Strain Index

ESO European Stroke Organization

EQ-5D EuroQoL

ESD Early Supported Discharge

FAC Functional Ambulation Categories

FAD-GF Family Assessment Device — General Functioning
FAI Frenchay Activities Index

FIM Functional Independence Measure

FMA Fugl Meyer Assessment

FSS Fatigue Severity Scale

GSES General Self-Efficacy Scale

HADS Hospital Anxiety and Depression Scale

HSU Hospital Stroke Unit

ICC Intraclass Correlation Coefficient

ICD International Classification of Diseases

ICF International Classification of Functioning, Disability and Health
ICT Information and Communication Technologies
KNGF Koninklijk Nederlands Genootschap voor Fysiotherapie
LOS Length Of (inpatient) Stay
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MD
MI
MMSE
MoCA
mRS
NDT
NEADL
NICE
PCS
QoL
RCT
RMI
SD

SIS
SMD
SSEQ
SSQoL
TPS
TUG
Uco
VAS
WHO

Mean Difference

Motricity Index

Mini-Mental State Examination
Montreal Cognitive Assessment
modified Rankin Scale

Neuro Developmental Treatment
Nottingham Extended ADL index
National Institute for Health and Care Excellence
Preparedness for Caregiving Scale
Quality of Life

Randomized Controlled Trial
Rivermead Mobility Index

Standard Deviation

Stroke Impact Scale

Standardized Mean Difference
Stroke Self-Efficacy Questionnaire
Stroke-Specific Quality of Life scale
Transition Preparedness Scale
Timed Up and Go test

Utrecht Communication Observation
Visual Analogue Scale

World Health Organization
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GLOSSARY OF TERMS

Activities: the execution of a task or action by an individual (ICF).!

Activity capacity: relates to what an individual can do in a “standardized” environment.!
Activity performance: what the person actually does in his or her “current” (usual)
environment.'

Balance: The act of maintaining, achieving or restoring a state of control during any posture or
activity.?

Behavioural restitution: a return toward more normal patterns of motor control with the
impaired body part(s) as seen in pre-stroke state.>*

Behavioural adaptation: occurs when the movement or task is executed with the impaired
body part, but an alternative atypical movement pattern is used. Behavioural adaptation results
in deviating quality of movement compared to non-disabled individuals.>*

Behavioural compensation: occurs as adaptation, in which the impaired body part is used in
an atypical way to accomplish a movement or a motor task; or as substitution, in which different
atypical body part(s) or body segment(s) are used to accomplish a task.>*

Blended care: refers to a hybrid model of healthcare in which traditional “offline” face-to-face
care is combined with “online” telerehabilitation support.

Body functions: the physiological functions of body systems (ICF).!

Caregiver-mediated exercises (CME): a person with stroke performing task-specific

exercises together with an informal caregiver under the auspices of a physical or occupational

therapist. Under the auspices means that the therapist is involved as a coach by instructing both
patient and caregiver on how to (safely) perform the exercises and by evaluating and monitoring
them on a regular basis. In this thesis, the task-specific exercises are aimed at improving
Activities of Daily Living (ADL) including mobility, such as making transfers, standing, and
walking.

Clinical heterogeneity: a systematic difference across trials in the outcomes studied or timing
of outcome measurement, characteristics of patients (e.g. age, ethnicity, disease severity),
interventions (e.g. content, dose, duration), or study setting (e.g. country, healthcare system,

cultural context) (adapted from Higgins et al., 2024).°
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Community ambulation: independent mobility outside the home, which includes the ability
to confidently negotiate uneven terrains, private venues, shopping centres, and other public
venues.® Three levels of independent community ambulation are distinguished in the literature:
1) Most limited community walkers (i.e., ambulant as far as the letterbox); 2) Least limited
community walkers (i.e., ambulant in the immediate environment); and 3) Unlimited
community walkers (i.e., ambulant in a shopping centre and/or places of special interest). If a
patient is not ambulant outside the home, they are considered non-community walkers or
household walkers.®

Contamination: the receipt of active intervention amongst participants in the control arm of a
randomized controlled trial.”

Early supported discharge (ESD): services aimed at accelerating discharge from hospital and
providing continuity of coordinated multidisciplinary stroke rehabilitation in the home setting.®
E-health: electronic processes and communication technology which support healthcare
practice. E-health includes but is not limited to electronic medical records and technology-
delivered self-managed consumer education and training (e.g., therapy software apps used
independently at home with no data transfer to a rehabilitation provider).’

Environmental factors: factors that make up the physical, social and attitudinal environment
in which people live and conduct their lives (ICF).!

Exercise intensity: amount of time spent in task-specific training which includes frequency
(i.e., number of sessions per day/week), duration (i.e., time period over which an intervention
is delivered) and number of minutes/hours of task-specific training which can be quantified per
session, per week or as the total amount of training.'® This definition excludes other dosing
elements including number of repetitions and physiological effort or acrobic intensity.

Family functioning: comprises how family members work together and communicate with
each other.'!

Impairments: problems (the negative term) in body functions and structures.'

Imprecision: random error in trial outcomes, as a result of sample variation. Hence, precision
of effect estimates depends on the sample size, with smaller studies being less precise.’
Informal caregiver: an unpaid or partially paid person who voluntarily helps an impaired
partner, family member, neighbour or friend with performing ADL. An informal caregiver is
not a practicing healthcare professional.

International Classification of Functioning, disability, and health (ICF): a classification
that provides a standardized framework to categorize health and health-related conditions.!

Length of stay: the number of days between acute hospital admission and final discharge home.
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Lower extremity: refers to the part of the body from the hip to the toes. The lower extremity
includes the hip, knee, and ankle joints, and the bones on the thigh, shank, and foot; and the
muscles and ligaments spanning over these joints.?

Methodological heterogeneity: a difference across trials in the study design, outcome
measurement tools or risk of bias. A higher degree of bias will lead to systematic error in trial
outcomes.’

Mobility: moving by changing body position or location or by transferring from one place to
another, by carrying, moving or manipulating objects, by walking, running or climbing, and by
using various forms of transportation.! Mobility includes changing and maintaining body
position (d410-d429), carrying, moving, and handling objects (d430-d449), walking and
moving (d450-d469), and moving around using transportation (d470-d489).!?

Motor control: the process whereby the central nervous system produces purposeful
coordinated movements to interact with the rest of the body and the environment.’

Motor function: body functions related to muscle force and endurance, control over and
coordination of voluntary movements, and movement patterns associated with walking, running
or other whole-body movements.'-3

Motor learning: the changes, associated with practice or experience, in internal processes, that
determine a person’s capability for producing a motor skill.?

Motor recovery: the extent to which motor functions and activities have returned to their pre-
stroke state.>*

Motor rehabilitation: a process that engages people with stroke to benefit their motor function,

activity capacity and performance in daily life. It is necessary for all people with residual motor

disability whose goal is to enhance their functioning, independence and participation. Motor
rehabilitation strives to reduce motor impairments and improve functioning in activities through
learning- and use-dependent mechanisms. The trajectory of motor and functional recovery

varies between patients and stages of recovery. At early stages, behavioural restitution of motor

function depends on the underlying mechanisms of spontaneous neurological recovery. At later

stages, further functional improvements can be achieved by compensations. Motor
rehabilitation is guided by regular assessment of motor function and activity using consensus-
based measures, including patient-reported outcomes. Results are discussed with the patient
and their caregivers to set personal goals. The core element of motor rehabilitation incorporates
principles of motor control in which patients learn to optimize and adapt their motor, sensory

and cognitive functioning through appropriately dosed, repetitive, goal-oriented, progressive,
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task- and context-specific training. Motor rehabilitation supports people with stroke to
maximize health, well-being and quality of life.?

Participation: involvement in a life situation (ICF).!

Phases in stroke recovery: Hyperacute: from 0 to 24 hours post stroke onset; Acute: between
1 and 7 days; Early subacute: between 7 days and 3 months; Late subacute: between 3 and 6
months; Chronic: beyond 6 months poststroke.>*

Pragmatic trial: a randomized controlled trial designed to determine the effect of an
intervention under the usual conditions in which it will be applied.'> More specifically, the trial
should: 1) enrol a real-world population; 2) be conducted in a real-world setting; 3) include an
appropriate comparison arm; and 3) capture a relevant outcome.'?

Spontaneous neurological recovery: improvement in function and activities that is
independent of specific targeted treatment and occurs within a restricted time-window of the
first 3 months after stroke onset. It is considered an endogenous repair process that presumably
relies on residual intact neural architecture as a template for reorganization.’

Stroke: a clinical syndrome typified by rapidly developing clinical signs of focal (or global)
disturbance of cerebral function, lasting more than 24 hours or leading to death, with no
apparent cause other than of vascular origin.'* Following the International Classification of
Diseases and related health problems (ICD-10), this definition includes subarachnoid
haemorrhage (160), intracerebral haemorrhage (I61) and cerebral ischemic stroke (163).'
Study protocol: a combination of the study design and intervention protocol. The design
characteristics (e.g., blinding, randomization), study procedures, outcome measures, power
calculation, criteria of patient selection and statistical analysis are protocolized in the study
design. The essential elements of the trial intervention including its content, mode of delivery,
dose, duration and monitoring of compliance are protocolized in the intervention protocol.
Study setting: the geographical location of a trial (i.e., country) including the healthcare system
and cultural context in which it is embedded, and the context of individual study sites including
their level of care (i.e., primary, secondary, tertiary), local healthcare processes and available
resources including staff and expertise. '

Task-specific training: an intervention focused on improvement of performance in tasks
through goal-directed practice and repetition. The focus is often on training of functional tasks

rather than impairment.*
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Telerehabilitation: refers to the use of Information and Communication Technologies (ICT)
to deliver rehabilitation services to people remotely in their homes or other environments,'” for
the purposes of screening, goal setting, assessment, intervention, prevention,
supervision/monitoring, education, consultation, and/or counseling.®!'® Telerehabilitation
encompasses synchronous (real-time delivery), asynchronous (delayed delivery) and
continuous (remote monitoring) formats or a combination of these formats (hybrid).
Telerchabilitation may include a range of emerging technologies (audio/telephone, video
conferencing, digital app platform, wearable sensors, virtual reality, robotics) with a connection
or data flow between healthcare provider and patient/caregiver to deliver rehabilitation services
over a distance ®!°

True effect variation: variation in treatment effects as a consequence of clinical heterogeneity.

True variation in trial outcomes is not explained by random or systematic error.’

Walking: moving along a surface on foot, step by step, so that one foot is always on the ground,
such as when strolling, sauntering, walking forwards, backwards, or sideways.! Following the
ICF framework, walking includes walking short distances (d4500), long distances (d4501), on
different surfaces (d4502) and around obstacles (d4503).!
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Stroke is one of the leading causes of disease burden worldwide, with increasing morbidity and
mortality rates due to population ageing and unfavourable trends in vascular risk factors. Many
stroke survivors experience long-term impairments in motor function, limiting their
independence in mobility and restricting participation in society. Regaining independent
mobility within the community is considered a key goal of stroke rehabilitation. As a result of
the increased care demand and staff shortages, rehabilitation facilities face increasing pressure
to accelerate discharge to the home setting. Early supported discharge (ESD) services can
reduce length of stay (LOS), improve functional outcome and facilitate the transition from
inpatient rehabilitation to the community. However, the effectiveness of ESD depends on the
continuation of intensive, task-specific rehabilitation at home. Although intensive task- and
context-specific training is recommended, actual therapy dose remains below guideline targets,
particularly after discharge. Hence, cost-effective ways to increase the intensity of training and

support the transition to the home setting are required.

One cost-effective strategy to increase training dose could be to actively involve informal
caregivers in task- and context-specific training through caregiver-mediated exercises (CME).
In addition, caregivers provide sustained support after discharge from inpatient care. Training
patients and informal caregivers through a combination of face-to-face support and
telerehabilitation (i.e. blended care) could further help the transition of care by improving
insight and preparing for self-management and informal caregiving at home. The main aim of
this thesis was to investigate the added value of CME combined with telerehabilitation services
after stroke to augment the current dose of task- and context-specific training and to facilitate
the transition from inpatient rehabilitation to community and informal care.

The studies presented in this thesis address different but complementary aspects of stroke
recovery and rehabilitation, ranging from prognostic modelling to intervention development
and evaluation. Specifically, this thesis (1) identifies prognostic factors for community
ambulation, (2) synthesizes the evidence for CME interventions, (3) compares international
implementations of CME with e health support, (4) explores family functioning within patient-
caregiver dyads, and (5) evaluates a blended care CME program (ARMed4Stroke) in a

multicentre, randomized controlled trial (RCT).
Chapter 2 aimed to classify patients with stroke into clinically relevant subgroups based on

their characteristics at discharge from inpatient rehabilitation to predict community ambulation

outcome six months later. A prospective cohort design and classification and regression tree
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analysis was used for prognostic modelling. This study, based on a cohort of 243 patients with
stroke, demonstrated that comfortable gait speed at discharge is a key predictor of community
ambulation outcome. A cut-off value of 0.5 m/s was identified as the most robust threshold,
with a sensitivity of 94% and specificity of 54%. The overall model accuracy of 86% was
reduced to an adjusted accuracy of 79% after cross-validation. The findings presented in this
chapter highlight the importance of early assessment of walking capacity and support the use
of gait speed as a simple and clinically relevant prognostic indicator when organizing home-

based rehabilitation and community services.

A CME program may be a resource-efficient approach to improve long-term patient and
caregiver outcomes by increasing the intensity of training and supporting patient and caregiver
empowerment during the transition from inpatient rehabilitation to the home setting. In chapter
3, we summarized the available evidence for CME interventions poststroke up to 2015, in a
systematic review and meta-analysis. The overall objective was to investigate if CME can
improve functional ability and health-related quality of life in people with stroke, and to
determine the effect on caregiver burden. Nine RCTs were identified and data from six trials,
including 333 patient-caregiver dyads, were included in the meta-analyses. The results showed
inconclusive evidence for the effects of CME on ADL independence and caregiver burden.
Overall, outcomes of ADL independence and caregiver burden were neutral, with no evidence
of either benefit or harm when compared with control conditions, i.e. usual care, other
intervention or no intervention. However, sensitivity analyses demonstrated significant positive
effects on basic ADL independence postintervention. The analysis distinguished between
‘CME-core’ interventions and trials in which the effects of CME could not be separated from
the effects of other rehabilitation approaches, e.g. caregiver-mediated Constraint-Induced
Movement Therapy (CIMT) versus therapist-delivered Neuro Developmental Treatment
(NDT). Importantly, ADL independence is mainly determined by lower limb functions, and the
‘CME-core analysis’ only included trials focused on the lower extremity. The findings further
suggested that CME may improve standing balance, walking distance and health-related quality
of life as measured with the self-reported mobility, physical functioning, and general recovery
domains of the Stroke Impact Scale (SIS). In contrast, no beneficial effects were observed for
upper limb outcomes. The limited number of studies, substantial clinical heterogeneity and
inconclusive results indicated the need for further well-designed trials to establish the

effectiveness of CME interventions after stroke.
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Subsequently, the effects of CME combined with e-health support were investigated in two
identically protocolized RCTs conducted in parallel in the Netherlands and Australia. In
chapter 4, we combined individual patient data from both trials (N=129) and identified
important clinical differences across countries. Cross-cultural differences in patient casemix,
with a younger age (p = 0.005) and lower functional status (p = 0.001) observed among Dutch
patients, could result in a different potential for recovery. In addition, Australian patients were
recruited earlier poststroke, spent less time in exercise therapy, had a shorter LOS, and suffered
less from contamination when compared to Dutch controls. Both trials showed neutral effects
on self-reported mobility, but consistent positive effects were observed on caregiver-related
psychological outcomes, including fatigue, self-efficacy, and mood. Despite clear differences
across countries, study setting did not moderate the trial outcomes. This suggests that contextual
differences between healthcare systems may influence implementation processes, but do not
necessarily alter the overall effects and we can proceed faster to evaluating CME interventions

in international pragmatic trials.

Because informal caregivers play a central role in stroke rehabilitation, especially after
discharge, chapter 5 focused on family functioning after acquired brain injury (ABI). The
central objective of this study was to investigate agreement and differences in the perception of
family functioning between patients with ABI and their partners. Baseline data from 77 patient-
partner dyads (87% stroke) recruited from the CARE4Patient and CARE4Carer trials, revealed
that discrepancies may exist between patient and partner perceptions of family functioning.
Within-dyad agreement was poor, with partners reporting significantly worse family
functioning compared to the patients (32.5% versus 18.2%). Partners who perceived ineffective
family functioning also reported higher caregiver burden and more symptoms of anxiety and
depression, underscoring the need for systematic monitoring of caregiver wellbeing. These
findings also emphasize the importance of addressing the experiences of both members of the
patient-caregiver dyad when implementing and designing family-centred rehabilitation

interventions.

Actively involving caregivers in stroke rehabilitation while considering their perspectives,
goals and support needs may address the current gap between intensive multidisciplinary
support during inpatient care and self-management and informal care after discharge to the

community. In addition, combining telerehabilitation and face-to-face support may empower
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patient-caregiver dyads and smoothen the transition from professional support to self-

management at home.

Chapter 6 describes the study design of the ARMed4Stroke trial, a multicentre, observer-
blinded RCT. The primary aim was to investigate the effects of an 8-week CME program using
a blended care approach in addition to usual care, on recovery of mobility after subacute stroke.
Patient-caregiver dyads were recruited from four rehabilitation centres in the Netherlands
during in- or outpatient rehabilitation. The primary endpoint was the self-reported mobility
domain of the SIS. Secondary endpoints included outcomes of self-efficacy, psychological
wellbeing, fatigue, family functioning, LOS, care transition preparedness, walking capacity,
paretic leg strength, balance, extended ADL, quality of life and caregiver burden. Outcomes
were assessed at enrolment, end of treatment and six months follow-up. We calculated a
required sample size of 72 dyads based on an expected improvement of 10 points on the SIS
mobility domain. The ARMed4Stroke program focused on joint goal setting and was
specifically developed to heighten motivation and stimulate self-management during the
transition from inpatient care to the community. Participants in the intervention group received
a tailor-made training program aimed at improving gait, balance, physical activity and outdoor
activities. Dyads were asked to perform the CME program for 2.5 hours per week, supported
by four face-to-face sessions and a web-based telerehabilitation system with a messaging
environment and individualized goals and exercises to achieve important milestones for
community ambulation.

The results of the ARMed4Stroke trial were reported in chapter 7. In total, 41 patient-caregiver
dyads (21 intervention, 20 control) were randomized, and 37 dyads were analysed following
intention-to-treat. No significant between-group differences were found for the primary
outcome of SIS mobility (B 0.8, 95% CI -6.8-8.5, p = 0.826). However, significant beneficial
effects were observed for the secondary endpoints of caregiver quality of life (p = 0.013) and
depressive symptoms (p = 0.025) postintervention, as well as extended ADL independence in
leisure activities (p = 0.024) after six months. A significant difference in favour of the control
group was observed for self-reported muscle strength (p = 0.002) after 6 months. We concluded
that CME combined with telerehabilitation yielded no significant beneficial effect in terms of
mobility recovery. Although the study was insufficiently powered to draw precise conclusions,
we did report an added value on psychological wellbeing of caregivers consistent with previous

trials.
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In the general discussion presented in chapter 8, the main findings of chapters 2 through 7 are
summarized and discussed within the broader context of stroke rehabilitation. Taken together,
the studies in this thesis demonstrate that augmenting stroke rehabilitation through enhanced
caregiver involvement during CME combined with telerehabilitation support is a promising
strategy that deserves a large phase III trial with a health-economic evaluation, to address the

gap between recommended and delivered therapy intensity after stroke.

This thesis shows that recovery of mobility after stroke is strongly influenced by both walking
capacity and the organization of stroke rehabilitation. Gait speed emerged as a robust and key
prognostic factor for long-term community ambulation outcome using a cut-off value of 0.5
m/s. Acknowledging that community ambulation is not precisely defined and is probably
dependent on varying personal and environmental characteristics, future research should
combine self-reported measures, monitoring data and psychological information to gain more
insight into the complex nature of community ambulation poststroke. In addition, recovery of
mobility is dose-dependent and with that negatively influenced by insufficient rehabilitation
services, particularly after discharge to the home setting. The results of this thesis provide no
evidence for a beneficial effect of CME combined with telerehabilitation on mobility recovery
poststroke, which is probably explained by contamination resulting into insufficient treatment
contrast between experimental and control groups at the end of the intervention period. Future
trials should consider cluster randomization to prevent contamination. Actively involving
informal caregivers during inpatient care and providing remote support may improve
psychological wellbeing and quality of life. Future studies should focus on identifying which
caregiver profiles benefit most from structured involvement and how care systems can remain
inclusive for patients without informal support. In addition, successful implementation requires
careful consideration and monitoring of family dynamics and contextual factors. Given the
neutral mobility outcomes in relatively small phase II trials, future research should move
towards larger pragmatic phase III and IV trials, preferably with health-economic evaluations,
to assess whether a high-dose home-based CME program can be a cost-effective alternative or

complements to existing ESD services poststroke.
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Het aantal mensen met een beroerte neemt wereldwijd toe door de vergrijzing en een toename
van risicofactoren, zoals te weinig bewegen of een ongezond dieet. Een beroerte ontstaat
wanneer de bloedvoorziening naar een deel van de hersenen plotseling wordt onderbroken,
waardoor het hersenweefsel tijdelijk geen zuurstof krijgt. Hierbij wordt onderscheid gemaakt
tussen een hersenbloeding en een herseninfarct. Bij een hersenbloeding scheurt een bloedvat in
de hersenen, terwijl een herseninfarct ontstaat doordat een bloedprop een bloedvat afsluit. Beide
vormen van beroerte kunnen leiden tot sterfte of langdurige problemen met bewegen, spreken,
denken en het uitvoeren van dagelijkse activiteiten. Hierdoor verliezen mensen met een beroerte
vaak een deel van hun zelfstandigheid en wordt hun deelname aan het sociaal-maatschappelijk
leven beperkt. De terugkeer van zelfstandige mobiliteit in de eigen leefomgeving wordt

beschouwd als een belangrijk doel van revalidatie na een beroerte.

Intensieve oefentherapie kan leiden tot een verbetering van mobiliteit en een grotere
zelfstandigheid in het dagelijks leven. Hoewel intensieve oefentherapie wordt aanbevolen in
richtlijnen voor revalidatie na een beroerte, blijft de hoeveelheid daadwerkelijk geleverde
therapie-uren vaak achter bij de aanbevolen oefenintensiteit, met name na het ontslag naar huis.
Door de toenemende zorgvraag en een tekort aan zorgpersoneel in de revalidatie, worden
patiénten steeds sneller naar huis ontslagen en moeten daar vaker een beroep doen op hun
sociale netwerk. Een vervroegd ondersteund ontslag naar huis, ook wel early supported
discharge (ESD) genoemd, kan positief bijdragen aan het functioneel herstel als intensieve
oefentherapie wordt voortgezet in de thuissituatie. Daarom zijn betaalbare alternatieven nodig
om de oefentijd te verhogen en de overgang naar de thuissituatie te ondersteunen.

Een mogelijke oplossing om meer te oefenen is het actief betrekken van naasten in de revalidatie
door middel van caregiver-mediated exercises (CME), waarbij de patiént taak-specifieke
oefeningen uitvoert met een partner, familielid of andere naastbetrokkene. Deze vorm van
oefenen kan de overgang naar de thuissituatie mogelijk ondersteunen door inzicht te vergroten
in het functioneren van de patiént en doordat naasten ook na het ontslag ondersteuning kunnen
blijven bieden. Een innovatieve manier om patiénten en mantelzorgers hierin te trainen en
ondersteunen is door traditionele face-to-face zorg af te wisselen met telerevalidatie, ook wel
bekend als hybride of gemengde zorg. Deze vorm van ondersteuning biedt meer flexibiliteit aan
patiénten, mantelzorgers en zorgprofessionals, omdat de ondersteuning op een eigen gekozen
plaats en moment geboden kan worden. Ook is meer maatwerk mogelijk, zoals het geleidelijk
afbouwen van intensieve face-to-face begeleiding om de overgang naar zelfmanagement thuis

te faciliteren.
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Het hoofddoel van dit proefschrift was om te onderzoeken of CME gecombineerd met
telerevalidatie na een beroerte, de huidige intensiteit van oefentherapie kan verhogen en de
overgang van klinische revalidatie naar informele zorg in de thuissituatie kan verbeteren. De
studies in dit proefschrift belichten verschillende, maar complementaire aspecten van herstel en
revalidatie na een beroerte. Meer specifiek richt dit proefschrift zich op (1) identificeren van
prognostische factoren voor mobiliteit in de eigen omgeving, (2) samenvatten van beschikbaar
bewijs voor de effectiviteit van CME-interventies, (3) vergelijken van internationale
implementaties van CME met e-health ondersteuning, (4) onderzoeken van familie
functioneren binnen patiént-partner relaties, en (5) evalueren van een CME-programma
gecombineerd met telerevalidatie (ARMed4Stroke) in een multicenter, gerandomiseerde en

gecontroleerde trial (RCT).

In hoofdstuk 2 werden patiénten met een beroerte in klinisch relevante subgroepen ingedeeld
op basis van gemeenschappelijke kenmerken bij ontslag uit de klinische revalidatie, om
mobiliteit na zes maanden in de eigen omgeving te voorspellen. Hiervoor werden gegevens van
243 patiénten geanalyseerd via een beslisboom voor classificatie en regressie. In deze studie
kwam naar voren dat de comfortabele loopsnelheid bij ontslag een belangrijke voorspeller is
voor mobiliteit in de eigen omgeving. Een loopsnelheid van 0,5 meter per seconde bleek een
belangrijke grenswaarde. Patiénten met een loopsnelheid boven deze grens hadden een grote
waarschijnlijkheid (94%) op terugkeer van zelfstandige mobiliteit na zes maanden. Deze
bevindingen benadrukken het belang van vroege beoordeling van de loopvaardigheid en
ondersteunen het gebruik van loopsnelheid als een eenvoudige voorspellende factor bij het

organiseren van revalidatie en ondersteuning thuis.

Een CME-programma kan een efficiénte en betaalbare strategie zijn om de oefentijd te
verhogen en tegelijkertijd de zelfredzaamheid van patiénten en mantelzorgers stimuleren
tijdens de overgang van klinische revalidatie naar huis. In hoofdstuk 3 werd het beschikbare
bewijs voor de effectiviteit van CME-interventies tot 2015 samengevat in een systematisch
literatuuronderzoek. Het doel was om vast te stellen of CME de zelfstandigheid in het dagelijks
functioneren verbetert, leidt tot een hogere kwaliteit van leven, en om te bepalen wat het effect
is op de belasting van mantelzorgers. De resultaten zijn gebaseerd op negen studies, waarvan
zes studies met in totaal 333 koppels geschikt waren voor meta-analyse. Hoewel de resultaten
niet eenduidig waren, werden er geen significante effecten gevonden voor zelfstandigheid in

het dagelijks functioneren. Wel werden er aanwijzingen gevonden voor een positief effect op
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stabalans, loopafstand en kwaliteit van leven, met name op de domeinen mobiliteit, fysiek
functioneren en algemeen herstel. Er werden geen gunstige effecten gevonden voor herstel van
arm- en handfunctie. Tenslotte werd geen significant voordeel of nadeel van CME gevonden
op de ervaren belasting van mantelzorgers. Het beperkte aantal studies, grote verschillen tussen
de studies en inconsistente resultaten wijzen op het belang van goed opgezette vervolgstudies
naar de effectiviteit van CME na een beroerte. Met name CME-interventies gericht op het
verbeteren van mobiliteit en functioneren van de onderste lichaamshelft, verdiend aanvullend

onderzoek.

Hoofdstuk 4 vergelijkt de toepassing van identieke onderzoeksprotocollen in Nederland en
Australi€ in studies om de meerwaarde van CME met e-health ondersteuning te onderzoeken.
Er werden duidelijke verschillen gevonden tussen beide zorgsystemen en in patiéntkenmerken.
De Nederlandse deelnemers waren significant jonger en hadden een grotere functionele
beperking. De patiénten in Australi¢ kregen minder therapie, gingen sneller terug naar huis en
in de controlegroep (reguliere zorg) werd minder vaak met een naaste geoefend. Ondanks
duidelijke verschillen in de populatie en context van implementatie, werden er vergelijkbare
resultaten gevonden. Beide studies lieten geen duidelijke verbetering zien in zelf-
gerapporteerde mobiliteit. Wel werden positieve effecten gevonden voor wat betreft het
psychologisch welbevinden van mantelzorgers, waaronder minder vermoeidheid, een betere
stemming en meer vertrouwen in zorgtaken, ook wel zelfeffectiviteit genoemd. Deze
bevindingen suggereren dat CME met e-health ondersteuning in verschillende zorgsystemen
toepasbaar lijkt. Hoewel cross-culturele verschillen de implementatie kunnen beinvloeden,
veranderen de algemene effecten van CME waarschijnlijk niet. Concluderend kan in de
toekomst sneller worden overgegaan tot evaluatie van de effectiviteit van CME-interventies in

grote internationale, pragmatische trials.

Omdat mantelzorgers steeds vaker een belangrijke rol hebben binnen de revalidatie na een
beroerte, met name na het ontslag, richtte hoofdstuk 5 zich op het familie functioneren na niet-
aangeboren hersenletsel (NAH). In deze studie werden overeenkomsten en verschillen
onderzocht in de perceptie van het familie functioneren tussen 77 patiénten met NAH (87%
beroerte) en hun partners. Uit deze studie bleek dat de beleving van patiénten en partners op dit
vlak relatief vaak verschilt. Partners ervaren significant vaker problemen in het familie
functioneren dan patiénten (32,5% versus 18,2%). De partners die het familie functioneren als

problematisch ervaren, rapporteren ook meer gevoelens van overbelasting, angst en depressieve
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klachten. Deze resultaten benadrukken dat niet alleen het welzijn van de patiént, maar ook het
welzijn van de mantelzorger goed gemonitord moet worden. Bij het ontwikkelen van familie-
gerichte interventies moeten zowel ervaringen van patiénten als van mantelzorgers betrokken

worden.

Gebruikmakend van de opgedane kennis in voorgaande hoofdstukken is het ARMed4Stroke-
programma ontwikkeld waarin meer nadruk werd gelegd op samenwerking tussen pati€nten,
naasten en zorgprofessionals bij het stellen van doelen en op zelfstandige mobiliteit in de eigen
omgeving, ondersteund door een online telerevalidatiesysteem. Hoofdstuk 6 beschrijft de opzet
van een multicenter gerandomiseerd onderzoek waarin de effectiviteit van het ARMed4Stroke-
programma, CME gecombineerd met telerevalidatie aanvullend op de gebruikelijke zorg, werd
onderzocht. Aan deze studie deden patiénten en mantelzorgers mee die klinisch of poliklinisch
revalideerden in een deelnemend revalidatiecentrum. De interventiegroep kreeg een op maat
gemaakt oefenprogramma van acht weken gericht op het verbeteren van lopen, balans, fysiek
bewegen en activiteiten buitenshuis. De koppels oefenden 2,5 uur per week samen en werden
getraind tijdens 4 face-to-face sessies met een fysiotherapeut. Daarnaast kregen zij toegang tot
een online telerevalidatiesysteem met een berichtenfunctie, persoonlijke doelen, oefenvideo’s
en mijlpalen voor zelfstandige mobiliteit in de eigen omgeving. De primaire uitkomstmaat van
het onderzoek was gericht op herstel van zelf gerapporteerde mobiliteit, gemeten met de Stroke
Impact Scale (SIS). Bovendien werden de effecten op zelfeffectiviteit, psychologisch
welbevinden, vermoeidheid, familie functioneren, kwaliteit van leven en voorbereiding op
ontslag van patiénten en naasten onderzocht. Ook werd gekeken naar de loopvaardigheid,
spierkracht, balans en zelfstandigheid in dagelijkse activiteiten bij patiénten, naar de
opnameduur en de belasting van mantelzorgers. De uitkomsten werden gemeten voorafgaand
aan de randomisatie, direct na de interventiec en na zes maanden. De benodigde

steekproefgrootte werd geschat op 72 koppels.

De resultaten van de ARMed4Stroke-trial werden beschreven in hoofdstuk 7. In totaal namen
41 koppels deel aan het onderzoek. Deelnemers in de interventiegroep oefenden gemiddeld
ruim 2,5 uur per week samen, zoals beoogd in het protocol. Er werden geen significante
verschillen gevonden in de zelf gerapporteerde mobiliteit van patiénten die het ARMed4Stroke-
programma volgden in vergelijking met alleen gebruikelijke zorg in de controlegroep. De
neutrale uitkomst van deze trial kan worden verklaard uit een gebrek aan behandelcontrast

tussen beide groepen. De totale oefentijd was niet significant verschillend, omdat er meer
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oefentijd met een zorgprofessional werd gerapporteerd in de controlegroep. Ondanks de
neutrale uitkomst, werden er wel veelbelovende positieve effecten gevonden na de interventie
op het welbevinden van mantelzorgers, namelijk een hogere kwaliteit van leven en een minder
depressieve stemming. Ook waren patiénten na zes maanden significant zelfstandiger in hun
vrijetijdsactiviteiten. Hoewel de steekproef te klein was om definitieve conclusies te trekken,
sluiten deze bevindingen aan bij resultaten uit eerder onderzoek waarin ook voordelen werden

gevonden op het psychologisch welbevinden van mantelzorgers.

In de algemene discussie in hoofdstuk 8 werden de belangrijkste bevindingen van dit
proefschrift samengevat en besproken binnen de bredere context van actuele uitdagingen in de
revalidatie na een beroerte. Tot slot werden aanbevelingen gedaan voor vervolgonderzoek. De
resultaten van dit proefschrift laten zien dat het actief betrekken van mantelzorgers tijdens
CME, gecombineerd met telerevalidatie, een veelbelovende manier kan zijn om de overgang
naar huis te verbeteren. Hoewel voorgaand onderzoek wees op een mogelijk gunstig effect van
CME op herstel van mobiliteit, was de uitkomst van het ARMed4Stroke onderzoek neutraal.
De bevindingen suggereren dat het effect mogelijk wordt beperkt door onvoldoende
behandelcontrast tussen de interventie- en controlegroep als gevolg van contaminatie, waarbij
gedurende het onderzoek de controlegroep meer is gaan oefenen met zorgprofessionals, zowel

in therapie als met verpleging.

Toekomstige studies zouden alternatieve studiedesigns, zoals een ‘stepped wedge’
clustergerandomiseerd onderzoek, moeten overwegen om contaminatie te beperken en
implementatie van CME te bevorderen. Dit proefschrift laat zien dat herstel van mobiliteit in
de eigen leefomgeving niet precies gedefinieerd is en afhankelijk van zowel lichamelijke
functies zoals loopsnelheid als van persoonlijke en omgevingsfactoren. Bij de keuze van een
uitkomstmaat zouden zelf gerapporteerde uitkomsten gecombineerd moeten worden met

objectieve monitor gegevens en psychologische informatie, zoals zelfeffectiviteit.

Ten aanzien van het actief betrekken van mantelzorgers, werden robuuste gunstige effecten
gevonden op het psychologisch welbevinden van mantelzorgers. Er is echter meer onderzoek
nodig om te bepalen welke koppels het meeste baat hebben bij het gestructureerd betrekken van
mantelzorgers en hoe revalidatiezorg toegankelijk kan blijven voor patiénten zonder informele

ondersteuning. Succesvolle implementatie van familie-gerichte interventies vereist daarnaast
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aandacht voor het familie functioneren, welzijn van mantelzorgers en contextuele factoren

binnen zorgsystemen.

De potentie van CME gecombineerd met telerevalidatie om de kloof te dichten tussen
aanbevolen en daadwerkelijk geleverde therapie-uren, evenals de positieve effecten op het
psychologisch welbevinden, rechtvaardigen vervolgonderzoek in een grote fase III of IV-trial
met een gezondheids-economische evaluatie om te bepalen of hoog-intensieve CME in de
thuissituatie een kosteneffectief alternatief is voor reguliere zorg of een aanvulling kan vormen

op bestaande ESD-programma’s na een beroerte.
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Tijdens een revalidatietraject maken mensen een enorme ontwikkeling door, soms met
onverwachte omwegen of momenten van stilstand, waarbij de steun en bijsturing van
professionals, familie en naasten onmisbaar zijn. Dit geldt ook voor de leerzame en uitdagende
reis die ik heb afgelegd tijdens mijn promotietraject. Op deze plek wil ik dan ook graag iedereen

bedanken die heeft bijgedragen aan de totstandkoming van dit proefschrift.

Om te beginnen wil ik alle patiénten, partners, familieleden en andere naastbetrokkenen
bedanken die hebben deelgenomen aan het ARMed4Stroke en CARE4Stroke/CARE4Patient
onderzoek. Bedankt voor jullie tijd en gastvrijheid, waarbij ik jullie mocht bezoeken in een
kwetsbare periode, op jullie revalidatieplek en thuis. In het bijzonder wil ik de patiénten en
naasten bedanken die hebben bijgedragen aan de ontwikkeling van onze interventie door

ervaringen te delen, gefilmd of gefotografeerd te worden, of mee te denken over verbeteringen.

Mijn promotieteam verdient een speciale plek in dit dankwoord. Veel dank ben ik verschuldigd
aan mijn promotor, prof. dr. Gert Kwakkel, en aan mijn beide copromotoren, dr. Erwin van

Wegen en dr. Rinske Nijland.

Beste Gert, de afgelopen jaren heb ik met veel plezier met je samengewerkt aan verschillende
projecten en ik heb enorm veel van je geleerd en aan je te danken. Je scherpe blik en visie
hebben het onderzoek en mijn schrijfwerk steeds verder gebracht. Daarbij heb je me geleerd
om kritisch te kijken naar mijn eigen werk en dat van anderen, maar bovenal heb je mij het

vertrouwen gegeven om een punt te durven zetten wanneer iets goed is.

Beste Erwin, ik heb je commentaar op mijn stukken altijd zeer gewaardeerd. De manier waarop
jij complexe zaken tot de kern terugbrengt, heeft mij enorm geholpen op momenten dat ik
vastliep. Je aanmoedigingen om kritisch te durven zijn, zelf na te blijven denken en vragen te

stellen, maken mij nu een betere onderzoeker.

Beste Rinske, zonder jouw dagelijkse begeleiding was dit proefschrift er waarschijnlijk niet
geweest. Je deur stond altijd open voor overleg. Ik kon bij je terecht voor inhoudelijke of
praktische vragen, maar de gezelligheid en vriendschap waren misschien wel het meest
waardevol. Ik hoop dan ook dat er nog vele etentjes zullen volgen, maar ik heb alle vertrouwen

dat onze paden zich ook vanzelf weer kruisen op de camping of in onze loopbaan.
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Beste Judith, hoewel je geen onderdeel bent van mijn promotieteam, ben je van onmisbare
waarde geweest bij de totstandkoming van dit proefschrift. Je bent in de afgelopen jaren nauw
betrokken geweest bij alle ontwikkelingen die het behandelprogramma heeft doorgemaakt, van
de eerste vorming van een idee tot de implementatie in Reade. Wat was het fijn om dit samen

te doorlopen, en ik ben dan ook blij dat je als paranimf naast mij zult staan.

Hartelijk dank aan de leden van de beoordelingscommissie, prof. dr. Meskers, prof. dr. Feys,
prof. dr. van Heugten, prof. dr. van der Wees en prof. dr. Geurts, voor het lezen en beoordelen

van mijn proefschrift. Ik kijk uit naar onze discussie en gedachtewisseling op 8 september 2026.

Graag wil ik hier ook alle medeauteurs bedanken. Corien, Erik, Jaap en Matthijs van het
ARMed4Stroke consortium, bedankt voor jullie bijdrage aan de opzet van het onderzoek, de
hoofdstukken over het ARMed4Stroke programma en voor jullie input tijdens onderbrekingen
en uitdagingen gedurende COVID. Corien, ik waardeer je bevlogenheid en heb veel gehad aan
je ondersteuning bij nulmetingen en het samen sparren over praktische kwesties. Jaap en Erik,
bedankt voor jullie inhoudelijke inbreng en de waardevolle discussies bij het duiden van

resultaten. Matthijs, bedankt voor je enthousiasme en je technische input en ondersteuning!

Vincent, Anne, Vera en Caroline, de prettige discussies en samenwerking tijdens bijeenkomsten
van het CARE4BRAIN consortium hebben geleid tot twee prachtige interventies voor patiénten
met NAH en hun naasten: CARE4Carer en CARE4Patient. Bedankt ook voor jullie bijdrage

aan het artikel over familie functioneren.

Judith, Janne, Manin, Anne en Johannes, bedankt voor jullie bijdrage aan het systematische
literatuuronderzoek. Ingrid, bedankt dat je je data van het FIT-Stroke onderzoek met mij wilde
delen en voor je inbreng in het artikel over mobiliteit in de eigen omgeving. A special word of
thanks goes out to Maayken and Maria for extending our CME research to the Australian
context, for providing access to your data, and for your valuable input in our comparison of

CME implementations across countries.

Daarnaast wil ik alle betrokken fysiotherapeuten, revalidatieartsen en andere betrokkenen van
de deelnemende centra bedanken die hebben meegewerkt aan ARMed4Stroke: Reade,
Roessingh, Vogellanden en de Sint Maartenskliniek; en aan CARE4Patient/CARE4Stroke:
Reade, Heliomare, Revant locatie Goes, Ziekenhuis Amstelland, OLVG Oost en West,
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Amsterdam UMC locatie VUmc, Vivium locatie Naarderheem, Cordaan locatie Slotervaart en
Berkenstede, Zonnehuisgroep locatie het Zonnehuis, Evean locatie Oostergouw en Eduard
Douwes Dekker, en Amstelring locatie Leo Polak. Bedankt voor jullie inzet bij de werving van
deelnemers en het begeleiden van patiénten en hun naasten. In het bijzonder wil ik Lianne,

Marcella en René bedanken voor hun rol bij de implementatie in Reade en het Roessingh.

Mijn dank gaat ook uit naar Quirine, Esther en Jet. Quirine, dank voor het waarnemen van
metingen voor het CARE4Stroke onderzoek tijdens mijn verlof rondom de geboorte van Timo.
Maar vooral ook dank voor de gezelligheid en de slappe lach tijdens congressen. Esther,
bedankt dat je het ARMed4Stroke onderzoek tijdens mijn tweede verlof rondom de geboorte
van Tjip, zo goed mogelijk draaiende hebt gehouden. Het was een ingewikkelde periode tijdens
de COVID-pandemie, waardoor metingen vaak niet mogelijk waren en je hebt belangrijke
stappen gezet richting digitale dataverzameling. Ook stagiaire Jet wil ik bedanken voor haar rol

bij de interim-analyse nadat we door COVID onvoldoende koppels konden includeren.

Op deze plek wil ik ook mijn oud-collega’s van Reade bedanken. Reade speelde niet alleen een
belangrijke rol als deelnemend centrum, maar was ook mijn thuishonk gedurende mijn
promotietraject. Dank aan alle collega’s van de onderzoeksafdeling en aan alle revalidatieartsen
en arts-assistenten met wie ik door de jaren heen een kamer heb gedeeld. In het bijzonder wil
ik Jorrit de Kieviet (let op: niét Kievit) bedanken. Natuurlijk niet alleen voor je rol bij de
werving van deelnemers, maar vooral voor de fijne samenwerking tijdens mijn werk als senior
onderzoeker bij Reade. Geweldig dat je nu bij Heliomare de kans krijgt om je academisch

verder te ontwikkelen.

Lieve (schoon)familie en vrienden, uit dit proefschrift blijkt wel hoe belangrijk de steun van je
naasten is. Zonder jullie aanmoediging, steun en begrip had ik dit promotietraject niet tot een
goed einde kunnen brengen. De gezellige familievakanties in Frankrijk, Itali€, Denemarken en
in eigen land; de familie uitbreiding van ons ene kleine nichtje Step met de komst van Kiki,
Timo, Tjip, Toby en Jim; de meivakantie kampeerweek, ontelbare etentjes en het vaste
pinksterweekend met vriendinnen; gaven me de broodnodige afleiding en gelegenheid om

tussendoor op te laden. Wat is het fijn om deze mijlpaal nu met jullie te kunnen vieren!

264



Dankwoord

Lieve Floor, bedankt voor je onuitputtelijke geloof en vertrouwen in mij. Ik ben ongelofelijk
dankbaar en trots dat jij mijn (tweeling)zus bent en dat je straks met mij op het podium staat als

mijn paranimf.
Lieve pap en mam, bedankt voor alle oppashulp die me de mogelijkheid gaf om te schrijven en
om tussendoor stoom af te blazen als ik vastliep. Maar vooral bedankt dat jullie er altijd voor

mij zijn en voor jullie geloof in mij.

Lieve Timo en Tjip, jullie naam staat in mijn boek hoor! Het heeft even geduurd, maar wat ben

ik blij met de pauzes die ik heb genomen om jullie in mijn leven te verwelkomen.

Thomas, je humor, geduld en onvoorwaardelijke liefde waren van onschatbare waarde. Het

laatste hoofdstuk van dit boek is geschreven, en het volgende hoofdstuk is voor jou.
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