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Foreword

I started working at the Department of Neurology, Haukeland University Hospital in
1981. At that time stroke was not a main focus for neurology and neurologists, and
most patients were treated at internal medical wards. Also, stroke was a disease
without many treatment options. This has changed dramatically during the last 20
years, especially with the introduction of effective treatment options like
thrombolysis and, during the last decade, intra-arterial clot extraction procedures. In
addition, primary as well as secondary prophylaxis has been improved, systematised

and implemented.

In 1993 I changed into working with rehabilitation at the then county specialised
institution Nordastunet. Stroke was always the largest patient group. After the
hospital trust reform of 2002, Nordastunet was reorganised to be an integral part of
the recently established Department of Physical Medicine and Rehabilitation at
Haukeland University Hospital. Scientific work was planned at the Department from
quite early on. Since stroke represented a major patient group, stroke rehabilitation

become one important topic for the department’s research plans.

I had some research experience from my years at the Department of Neurology, and
when I got the opportunity to engage in a major stroke rehabilitation study 1
immediately accepted this possibility to resume scientific work. My involvement with
the ESD Bergen Stroke study started in 2007 and has been on-going since then. I was
a full time PhD research fellow for three years (2008-2011) and have been working
part-time with the study during the periods before and after. Also my daily work as a

senior consultant at the rehabilitation ward concerns stroke rehabilitation.

Working on the ESD Stroke Bergen project has been a long, arduous and challenging
journey and I have acquired extensive new knowledge during the process. It is a great
satisfaction for me now to be able to present the main results from the study in this

thesis!

Bergen, May 2015
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Abstract

Stroke is a leading cause of lasting disability. Also, the numbers of new strokes as
well as persons living with functional disability after stroke are expected to increase
further during the coming decades. Efficient and well-structured rehabilitation
services are therefore needed. The present thesis describes the implementation of an
improved rehabilitation chain for stroke patients based on the Early Supported
Discharge (ESD) concept, as well as the results of a randomised controlled trial
(RCT) comparing the functional outcomes of two different ESD modalities compared

to treatment as usual.

The four essential elements of the two ESD modalities in our study were: (1) as early
discharge as possible from institution to the patients’ homes, (2) supervision by a
hospital-based multidisciplinary coordinating team during the hospital stay and the
discharge process, (3) rehabilitation offered by a community-based multidisciplinary
health team and (4) out-patient follow-ups 3 and 6 months after the incident stroke.
The two ESD modalities differed by the community health team treatment arena:
either in a day unit (ESD 1) or in the patient’s own home (ESD 2). Altogether 306
stroke patients were included in the study during a three-year period (2008-2011).

The published protocol for the study constitutes Paper 1, whereas the main results of
the RCT are reported in Paper 2. The main outcome was modified Rankin Scale
(mRS). We generally found somewhat better functional outcome in the ESD 1 and 2
groups compared to the controls, with some significant differences at 3 months, but
not at 6 months. There were only slight differences between the two ESD groups. The
rather small differences between the intervention groups and the control group may
partly be ascribed to the recruitment of fewer participants to the study than planned,
thereby reducing the study’s statistical power. In addition, stroke treatment including
rehabilitation today is of high quality in general, which will tend to minimalize the

potential benefit of further service improvement.
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In Paper 3 the subgroup of participants discharged directly from the stroke unit to
home was studied, 167 patients in all (55% of all participants). This study compared
the effects of the three different treatment schemes on balance and walking 3 months
after inclusion. No group differences regarding this study’s main outcome Postural
Assessment Scale for Stroke (PASS) were demonstrated. Analysis of secondary
outcomes did, however, show significant differences regarding walking ability (best
in the ESD 1 group) and Activities of Daily Living (ADL) (best in the ESD 2 group).
These differential effects of the two different ESD modalities may be explained by
somewhat differing intervention profiles in the two treatment arenas (day unit or

home).

In Paper 4 a systematic exploration of possible predictors of functional outcome was
conducted. Thirty baseline variables were analysed using regression analysis with
absolute level of functional outcome (mRS at 6 months) and functional change from
stable baseline to 6 months (change in mRS) as dependent variables. Stroke severity
was the main predictor for mRS at 6 months, but in addition the degree of pre-stroke
subjective health complaints strongly predicted a poorer functional outcome. Pre-
stroke subjective health complaints also was the only strong predictor for functional
change from baseline to 6 months, with higher burden indicating poorer functional
improvement. In addition, including subjective health complaints in the final
prediction models ameliorated the negative predictive effect of female sex. This
indicates that the frequently reported generally poorer functional prognosis for

women may be related to their higher burden of subjective health complaints.

In summary, the main RCT demonstrated some significant functional benefit of ESD
as compared to treatment as usual at 3 months, but not at 6 months. The effect of the
two ESD modalities did not differ. In the subgroup discharged directly to home and
evaluated at 3 months some advantages of the ESD modalities concerning walking
ability and ADL were demonstrated. In the prediction study stroke severity was the
main predictor of functional outcome at 6 months. In addition, pre-stroke subjective
health complaints was a strong negative predictor for both absolute functional ability

and change from baseline to 6 months.
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1. Introduction

This thesis is about rehabilitation after cerebrovascular stroke, exploring the effects of

an improved treatment chain based on Early Supported Discharge.

Some decades ago stroke was a disorder with only sparse treatment possibilities.
Today acute stroke has evolved into an emergency condition where every minute
counts, due to acute treatment options in the form of thrombolysis or intra-arterial
clot extraction procedures (1). Most strokes however leave functional deficits on the
side of the patient, necessitating subsequent rehabilitation. This rehabilitation has
traditionally been delivered within an in-patient institutional setting, often in

specialised rehabilitation departments.

This operating mode has, however, been challenged in recent years. The number of
stroke patients is high and expected to further rise considerably in the future, due to
the anticipated demographic changes in the coming few decades (2). Since the early
1990s an alternative mode of stroke rehabilitation, based on patients living in their
own homes while receiving treatment from community service providers, has been
described and scientifically studied. This model, termed Early Supported Discharge
(ESD), in principle comprises early and coordinated discharge from hospital and

rehabilitative treatment provided in the community (3).

The reported results from ESD have been good, meaning equal or better effect than
traditional in-patient rehabilitation. The available studies have been summarised in a
meta-analysis in Cochrane Reviews, last updated in 2012 (3). In general ESD has led
to reduced in-patient time in rehabilitation institutions and a higher degree of
independence at follow-up. On the other hand, important issues like the feasibility of
ESD in rural areas and more precisely which rehabilitation scheme that is optimal

remain unclarified.

The main purpose of the present work was to explore two different models of ESD
and to compare the results between them and with the results of rehabilitation as

usual in a randomised controlled trial. This paralleled the concomitant and permanent
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establishment of a structured rehabilitation chain for stroke patients in our
community. Patients with acute stroke were recruited from the stroke unit,
Department of Neurology, Haukeland University Hospital, during three years from
2008 to 2011. The two main objectives of the randomised trial were to confirm the
superiority of ESD to rehabilitation as usual and to compare the rehabilitation
outcome in two different out-patient arenas: in a day unit or in the patients’ homes. In
addition we wanted to explore which baseline variables that predicted functional

outcome 6 months after the incident stroke.
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2. Background
2.1 Stroke definition

Cerebrovascular stroke was previously defined according to the World Health
Organization (WHO) as “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 that of vascular origin” (4). Over the years this
definition turned increasingly unacceptable, especially since new knowledge
demonstrated that permanent cerebral lesions frequently occurred in spite of fully
reversible clinical symptoms. In addition, silent cerebral infarcts have been shown to
be very common and up to five times as prevalent as clinically manifest strokes (5).
This necessitated a new approach to stroke definition, leading to “an updated
definition of stroke for the 21% century” published as an expert consensus document
in 2013 (6). In this document central nervous system infarction is defined as “brain,
spinal cord, or retinal cell death attributable to ischemia, based on neuropathological,
neuroimaging, and/or clinical evidence of permanent injury”. It is additionally
remarked that “stroke also broadly includes intracerebral hemorrhage and
subarachnoid hemorrhage” (6). In this thesis stroke will refer to cerebral infarctions

or haemorrhages, but not subarachnoid haemorrhage.

2.2 Stroke incidence and prevalence

Stroke incidence in Norway was reported in 1997 by Ellekjer et al., in a study from
Innherred in Central Norway (7). They found a crude incidence rate (first-ever and
recurrent stroke) in persons above 15 years of 312 per 100 000, with women more
frequently affected (338 per 100 000) than men (285 per 100 000). They later (2007)
estimated that the expected annual number of first-ever and recurrent stroke in
Norway should be around 11 000 and 3 500, respectively (8). The European

incidence of first-ever stroke was estimated in 2009 (9). Six different countries were
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evaluated based on national registries, with annual incidences varying from 101 to
239 per 100 000 for men and 63 to 159 per 100 000 for women. The figures for
Eastern Europe were more than twice the figures for Southern Europe. These
European figures are substantially lower than the estimated incidence in Central
Norway referred to above. On the other hand, Naess et al. studied all stroke patients
admitted to Haukeland University Hospital during a two year period (2007-2009) and
reported a stroke incidence of only 105 per 100 000 in our local area (10). This

indicates that the true incidence in Norway may be lower than previously reported.

The stroke lethality has declined strongly during the last decades (8), leading to an
increased prevalence of people having suffered a previous stroke. This prevalence has
been estimated to 19 per 1000 persons above 20 years in Norway (8;11). All the

incidence and prevalence rates quoted above refer to the old WHO stroke definition.

2.3 Stroke treatment and rehabilitation

The essential elements of stroke treatment are acute interventions as early as possible
after a verified stroke, additional and supportive treatment during the acute phase,
structured rehabilitation, and secondary prophylaxis. Major improvements have been
made on these areas during the last few decades, the most important being the acute
stroke treatment with thrombolysis (intravenous or, sometimes, intra-arterial) and
mechanical clot extraction. This has resulted in reduced persisting disability after

stroke (12;13).

To define and characterise rehabilitation The World Health Organization state that
(14): “Rehabilitation of people with disabilities is a process aimed at enabling them to
reach and maintain their optimal physical, sensory, intellectual, psychological and
social functional levels. Rehabilitation provides disabled people with the tools they
need to attain independence and self-determination.” This means that the purpose and

goal for the stroke rehabilitation process is to enable the patient to live and function
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in his or her own home as independently as possible, including participation in social

life and, if possible, work.

Rehabilitation performed in a multidisciplinary setting has proven efficacious (15). In
this multidisciplinary setting the principles of the International Classification of
Functioning, Disability and Health (ICF) are paramount, viewing the patient’s
condition in a broader context taking into account the disease’s consequences for
activity and participation as well as personal and contextual factors, in addition to the
effects of the stroke itself (16). Stroke rehabilitation today is multi-modal, has proven

efficacious and is an integral part of standard stroke treatment (17).

2.4 Demographic challenges in stroke rehabilitation

Stroke, and in particular ischemic stroke, is a strongly age-dependent disease, with a
sharply increasing incidence with age (18). This effect, combined with an expected
demographic shift with increasing mean age of the population and an especially
strong increase in the number of persons within the upper decades, must be expected
to result in a continued marked increase in stroke incidence also in the decades to
come (2). In addition, the mortality from stroke has been steadily declining for a
century and still is (19), and one therefore also has to expect a further increase in the
number of people living with lasting disability after stroke. This also means a high

and increasing rehabilitation demand in the future.

2.5 Early supported discharge after stroke

The traditional rehabilitation setting for stroke patients has been within departments
and institutions, mostly in the specialist healthcare, with the patients being admitted
for the rehabilitation period and not being discharged to home for a considerable time

period after the stroke. The concept of Early Supported Discharge (ESD) was
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introduced into stroke rehabilitation between 1990 and 2000, both internationally and

in Norway.

The first ESD study was conducted by Rudd et al. in London, UK, during the period
1993 to 1995 (20). Three hundred thirty-one stroke patients were randomised to
either conventional care or early discharge from hospital to specialist community
rehabilitation. No significant difference in functional outcome was found, but the
time spent in hospital was markedly reduced in the community therapy group (from
18 to 12 days). The authors concluded that early discharge with community
rehabilitation was feasible, clinically as effective as conventional care, acceptable to
the patients, and with potential for a considerable reduction in the use of hospital beds

(20).

After this first publication several more studies based on the concept of Early
Supported Discharge were reported during the following decade, and with continued
encouraging results (21-30). One of these trials was carried out in Stockholm,
Sweden, as early as 1993-96, and with repeated follow-up evaluations at 3, 6 and 12
months (24;31;32). The results in general indicated no less treatment benefit in the
ESD group, but there also were several minor findings indicating an advantage for
this group. In addition, the length of initial hospital stay was substantially reduced
(from 29 to 14 days).

Early Supported Discharge has previously also been investigated in Norway (25-
27;30). A large randomised study was conducted in Trondheim during 1995 to 1998
and recruited 320 stroke patients (26). These patients were randomised to either ESD
or ordinary care. The main outcomes in the study were modified Rankin Scale (mRS)
and Barthel Index (BI) 6 months after inclusion, and the analyses showed a definite
benefit of ESD with increased independence and markedly reduced in-patient time
(19 days vs. 31 days in the control group) (26). Also at one year follow-up the
patients in the intervention group were significantly more frequently independent

(33), and five years after inclusion there still was a trend (34).
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In another Norwegian study Bautz-Holter et al. randomised 82 stroke patients to
either ESD or conventional rehabilitation. They found no clear differences between
the groups, but indications that ESD might have additional benefits. The in-patient
time was reduced by nine days (27). The possible effect of ESD in a rural setting was
explored in a study by Askim et al. who compared ESD and ordinary service in a
limited number of patients living in three municipalities near Trondheim (30). No
difference in functional outcome one year after the stroke was seen, but a trend

towards better quality of life in the ESD group was demonstrated.

A systematic review from the Cochrane Collaboration was issued in 2005, based on
11 randomised trials comprising 1597 patients (35). Trials evaluating the effect of
accelerated discharge with provision of additional community support were included.
The main conclusions were that ESD reduced dependency and institutionalisation, in
addition to markedly reducing days spent in hospital. Services using a coordinated
ESD team seemed to be most beneficial. Also, the need for more research to define
the essential characteristics of effective ESD services was pointed at, as well as the
potential role of ESD in rural areas. This Cochrane review was later updated in 2012
(3). Three new trials were incorporated increasing the number of patients to 1957, but

the conclusions from the previous report were not changed.

The Cochrane review includes one more Norwegian study, published by Renning and
Guldvog in 1998 (25). Two rehabilitation modalities were compared in a randomised
trial, but none of them can be characterised as Early Supported Discharge since one
was sub-acute rehabilitation in a hospital rehabilitation unit and the other was
standard rehabilitation in the community. The best outcome was seen in the hospital
group. In the 2012 version of the Cochrane report the authors acknowledged that the
inclusion of this study had been criticised (3). At the same time a consensus covering
essential elements in ESD was reached among 10 ESD trialists, following a modified
Delphi approach. The consensus document is published and contains statements

regarding team composition, team work model, intervention, and success (36).
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The studies included in the Cochrane report were generally conducted some time ago
(many 15-20 years before today). Acute stroke treatment, primary and secondary
stroke prophylaxis as well as rehabilitation have improved considerably during these
years, and one could reasonably question whether the beneficial effects on outcome

would still be obtainable today.

On this multifaceted background — both demographic demands, paucity of knowledge
about the essential elements of ESD and the time passed since most of the previous
studies — we wanted to establish and investigate scientifically a new and improved
rehabilitation chain for stroke patients in our local community, based on the concept

of Early Supported Discharge.

2.6 Organisational levels of healthcare

The Norwegian healthcare system is organised into two different levels: the
community healthcare, including municipal institutions and health care personnel,
and the specialist healthcare including hospitals and privately owned institutions. In
Norway both healthcare levels carry a responsibility for rehabilitation, and both levels
had to be participating in the planned project. Our local municipality, the
Municipality of Bergen, at the same time worked on improving their community
rehabilitation competence and capacity, and this led to a fruitful collaboration
between Haukeland University Hospital (Department of Physical Medicine and
Rehabilitation and Department of Neurology), the Municipality of Bergen and the
University of Bergen. The project Early Supported Discharge after Stroke in Bergen
(short form: ESD Stroke Bergen and in Norwegian: “Slagbehandlingskjeden —
Bergen”) was established. This project mostly constituted a scientific research project
when viewed from the specialist healthcare position, while at the same time being a

developmental project from the point of view of the municipality.

In 2012 the so-called Cooperation Reform was established in Norway (37), in order

to increase the efficiency of the healthcare system by emphasising and further
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defining the responsibility of both healthcare levels. This obviously necessitated an
improved cooperation between the levels. The introduction of this reform coincided
with the last period of our ESD research project and the Municipality of Bergen’s

developmental project.
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3. Objectives and hypotheses

The ESD Stroke Bergen study was established with a dual goal. The main objective
was to study the effects of two different models of ESD applied to a stroke population
from Bergen, and this constituted the scientific research project. Concomitantly with
this, and necessary for the research project to be realised, an Early Supported
Discharge service for stroke patients in Bergen was established. This constituted the

developmental project.

The research project had three main objectives. First we wanted to compare the
results of rehabilitation based on the ESD concept with the results of rehabilitation
“as usual”, and secondly we wanted to investigate the effect of ESD community
treatment given in two different settings; either in a day unit or in the patients’ homes.
The third objective was to explore which variables relating to the patients’ life and
health before the stroke or to the stroke itself that predicted functional outcome 6

months after the stroke.

Effects of rehabilitation are demanding to study. Patients improve naturally as the
disease process heals and it is therefore difficult to discriminate natural healing from
more specific treatment effects. The research design of choice in this situation is a
randomised controlled trial (RCT), comparing the effects of different treatment

modalities in patients randomly allocated to his or her treatment group.

To explore the effects of Early Supported Discharge we therefore designed an RCT
with two different ESD arms and one control arm. The null hypothesis for the first
research objective was that ESD does not improve functional outcome, and the null
hypothesis for the second objective was that day unit and home rehabilitation are
equally effective. For the study of possible outcome predictors we used logistic

regression analyses.

An integral part of the ESD Bergen Stroke project was the establishment of an

improved rehabilitation chain for stroke patients, extending from the admission to the
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stroke unit to the delivery of stroke rehabilitation in the community. To study and
evaluate this process we approached the Uni Research Rokkan Centre with the
request for an organisational study concerning the planning and implementation of
the rehabilitation chain. We have also cooperated with a health economist in order to
obtain cost analyses relating to the different treatment arms, and a neuropsychological
follow-up one year after inclusion has been planned and carried out. These further
scientific approaches to the ESD Bergen Stroke study are, however, not the focus of

this thesis.
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4. Patients and methods
4.1 Study design and organisation

The ESD Stroke Bergen study was organised as a randomised controlled trial with
two intervention arms and one control arm, and registered in ClinicalTrials.gov. with
registration number NCT(00771771. Patients were included in the study shortly after
admission to the stroke unit, Haukeland University Hospital, and followed for 6
months after inclusion. They were extensively examined and tested at baseline and 3
and 6 months after inclusion. The project was supervised by a steering group with
representatives from the involved parties in addition to the project leader. The overall

structure of the study is depicted in Figure 1.
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