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A B S T R A C T

Because of the demographic shift and the increased proportion of patients surviving acute critical illnesses, the
number of people living with severely disabling chronic diseases and, consequently, the demand for re-
habilitation are expected to increase sharply over time. As underscored by the World Health Organization, there
is substantial evidence that the provision of inpatient rehabilitation in specialized rehabilitation units to people
with complex needs is effective in fostering functional recovery, improving health-related quality of life, in-
creasing independence, reducing institutionalization rate, and improving prognosis. Recent studies in the real
world setting reinforce the evidence that patients with ischemic heart disease or stroke benefit from re-
habilitation in terms of improved prognosis. In addition, there is evidence of the effectiveness of rehabilitation
for the prevention of functional deterioration in patients with complex and/or severe chronic diseases. Given this
evidence of effectiveness, rehabilitation should be regarded as an essential part of the continuum of care.
Nonetheless, rehabilitation still is underdeveloped and underused. Efforts should be devoted to foster healthcare
professional awareness of the benefits of rehabilitation and to increase referral and participation.

1. Introduction

In the last few decades, the demographic shift, accompanied by a
parallel growth in the burden of chronic noncommunicable disease, and
the increased proportion of patients surviving acute critical illnesses has
led to the rise in the number of people living with chronic diseases and
disability, which eventually result in an increased demand for re-
habilitation services over time [1]. Multimorbidity and intervening
admissions to intensive care units for critical illnesses exacerbate the
risk of severe disability and worsen prognosis [2–5]. In addition to
intervening complications, weakness acquired in intensive care unit has
been recognized as a substantial contributor to long-lasting and severe
functional impairment [5].

In Western Europe, life expectancy in women has increased from
79.5 years in 1990 to 84.1 years in 2016, the corresponding figures in
men being 72.9 years and 79.2 years, respectively [6]. Longer life,
however, is accompanied by an increase in disabled life expectancy [7].
Indeed, the prevalence of reported moderate-to-severe disability among
European populations sharply increases above the age of 65 years,
reaching>50% among people aged 75 years or more [8]. With

particular regard to Italy, for example, life expectancy at age 65 is
22.8 years in women and 19.2 years in men [8]. However, at age 65, the
percentage of years of life free of disability is low, being estimated at
32% and 41%, respectively [8].

As defined by the World Health Organization (WHO), rehabilitation
is “a set of interventions designed to optimize functioning and reduce dis-
ability in individuals with health conditions (e.g., acute or chronic dis-
eases, injury, or trauma) in interaction with their environment” [1]. This
definition, however, may underestimate the issue. Indeed, admission to
post-acute rehabilitation services, where rehabilitation care is provided
by an interdisciplinary team including internal medicine experts, can
help achieve optimal outcome from other health interventions, prevent
complications, facilitate recovery, optimize medical therapy, and re-
duce healthcare costs, especially in the current context of increased
“pressure to discharge patients without involving all relevant profes-
sionals, often resulting in readmissions” [1,10,11,13]. Thus, in the
current era, rehabilitation, strictly interacting with internal medicine,
should be viewed as a health strategy to address the needs of patients
surviving acute critical illnesses and/or living with chronic diseases
[1,10,12].
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This article is focused on examining the clinical effects of re-
habilitation in patients with ischemic heart disease (IHD), cere-
brovascular disease, or chronic obstructive pulmonary disease (COPD),
which have been ranked as leading causes of disability and mortality in
high-income countries and represent relatively common causes of ad-
missions to internal medicine wards [9,14–17].

2. Search methods

World Health Organization reports and clinical practice guidelines
including recommendations relevant to the topic of rehabilitation for
patients with chronic obstructive pulmonary disease, ischemic heart
disease, and stroke were the main sources of information. Moreover, we
performed an electronic search in PubMed for systematic reviews and
the most up-to-date research articles addressing clinical outcomes of
rehabilitation. The date of the last search was September 27, 2018.

2.1. Clinical evidence

Describing the core components of rehabilitation and the specific
rehabilitation programmes for individual diseases is beyond the scope
of this article. In this section, we focus on the clinical evidence of
benefit from pulmonary, cardiac, and stroke rehabilitation. Evidence-
based clinical practice guidelines recommend rehabilitation for patients
with COPD, IHD, and stroke, generally with a high level of scientific
evidence (Table 1).

2.1.1. Pulmonary rehabilitation
The clinical benefits of pulmonary rehabilitation have been in-

vestigated in many randomized controlled, though unblinded, studies.
The results of these studies unequivocally show that pulmonary re-
habilitation decreases the severity of dyspnea and improves health
status and exercise tolerance [33]. Consistent results were observed by
Lacasse et al. in a meta-analysis of 31 randomized controlled trials [34].
The Authors concluded, “The results of this meta-analysis strongly support
respiratory rehabilitation as part of the spectrum of management for patients
with COPD. We found clinically and statistically significant improvements in
important domains of quality of life, including dyspnea, fatigue emotional
function and mastery. When compared with the treatment effect of other
important modalities of care for patients with COPD such as inhaled
bronchodilators or oral theophylline and its new derivatives, rehabilitation
resulted in greater improvements in important domains of health-related
quality of life and functional exercise capacity” [34]. Importantly, an audit
of clinical outcomes of pulmonary rehabilitation, which is part of the
England and Wales national COPD audit programme, confirms the
beneficial effects of rehabilitation in the real-world setting [35,36].
Ninety one percent of all rehabilitation services across England and
Wales were involved [35]. The clinical report presents data from 7000
patients with COPD and a Medical Research Council dyspnoea scale
grade 3 or worse referred to pulmonary rehabilitation services over a 3-
month period [35]. Forty two percent of the patients completed the
program [36]. Rehabilitation resulted in clinically and statistically
significant increases in walking performance, as assessed by the incre-
mental shuttle walk test, the endurance shuttle walk test, and the 6-min
walk test; improvements in measures of health status were also seen
[36]. Surprisingly, however, spirometry and body mass index were not
recorded at assessment in 38% and 34% of the cases, respectively [36].
Finally, there is evidence that pulmonary rehabilitation following ad-
missions for exacerbation of COPD improves health-related quality of
life and exercise capacity [37]. Some studies also suggest a reduction in
the number of readmissions in the year following pulmonary re-
habilitation [38].

Despite the documented benefits, many suitable patients are not
referred to pulmonary rehabilitation [39]. Remarkably, only 5% to 15%
of patients hospitalized for exacerbation of COPD are referred to early
rehabilitation [40]. The American Thoracic Society and the European

Respiratory Society recognized suboptimal healthcare professional and
patient awareness and knowledge of pulmonary rehabilitation and
shortfall in funding as major barriers to access to pulmonary re-
habilitation programs and identified key areas of research with the
ultimate goal of enhancing provision of pulmonary rehabilitation [39].

2.1.2. Cardiac rehabilitation
Referral of patients after ST-segment elevation myocardial infarc-

tion, coronary artery bypass grafting, or percutaneous coronary inter-
vention for acute myocardial infarction to comprehensive cardiac re-
habilitation is recommended with the highest level of scientific
evidence, i.e. class I - level of evidence A [25,26]. This level of evidence
is based on data derived from multiple randomized clinical trials or
meta-analyses and evidence and/or general agreement that a given
treatment or procedure is beneficial, useful, and effective [26]. Ac-
cording to the 2018 European Society of Cardiology/ European Asso-
ciation for Cardio-Thoracic Surgery Guidelines on myocardial re-
vascularization, “secondary prevention and cardiac rehabilitation are an
integral part of management after revascularization because such measures
reduce future morbidity and mortality in a cost-effective way, and can
further improve symptoms” [26].

Early cardiac rehabilitation programs have been proven effective in
fostering functional recovery, providing education, promoting the
adoption of a healthy lifestyle and risk factor modification, and
managing psychological distress characterized by depression and an-
xiety symptoms [25–27]. Ensuring proper titration and monitoring of
life-saving therapies is an additional benefit provided by participation
in cardiac rehabilitation after an acute coronary event, especially in the
current context of “pressure to discharge” and short hospital stay [26].
Recent studies strongly support the concept that cardiac rehabilitation
can be effective in reducing the risk of death and readmissions. In a
nation-wide study performed in the United States of America, Ford et al.
estimated how much of the decrease in mortality from coronary disease
between 1980 and 2000 could be explained by the use of medical and
surgical treatments as opposed to changes in cardiovascular risk factors
[41]. They found that rehabilitation contributed significantly to the
reduction in coronary disease mortality [41]. In the Cardiac Re-
habilitation Outcome Study (CROS), a meta-analysis of 25 studies in-
cluding 219,702 patients with coronary disease, Rauch et al. in-
vestigated the prognostic effect of cardiac rehabilitation exclusively in
the current era of statins and early revascularization for acute coronary
syndromes [42]. Cardiac rehabilitation was associated with sig-
nificantly reduced mortality after acute coronary syndromes and after
coronary artery bypass grafting [42]. The findings of this study suggest
that structured and multi-component cardiac rehabilitation managed by
a team of skilled health professionals provides an incremental survival
benefit on top of the recommended treatments. In another population-
based cohort study in the Netherlands covering approximately 22% of
the Dutch population, de Vries et al. assessed the effects of multi-dis-
ciplinary cardiac rehabilitation on survival after acute coronary syn-
drome, coronary revascularization, or heart valve surgery [43]. Cardiac
rehabilitation was associated with a substantial survival benefit (hazard
ratio 0.65; 95% confidence intervals 0.56–0.77), regardless of age,
gender, and qualifying diagnosis/type of intervention [43]. Patients
who had undergone coronary artery bypass grafting and/or valve sur-
gery benefited the most [43]. Finally, in a recently published study,
Doimo et al. investigated the clinical impact of the application of car-
diac rehabilitation early after discharge on the 5-year incidence of
cardiovascular mortality and hospitalization for cardiovascular causes
in the real-world setting [44]. After adjusting for confounders, cardiac
rehabilitation was associated with 42% reduced risk of the combined
end-point of hospitalization for cardiovascular causes and cardiovas-
cular mortality.

Collectively, available data clearly indicate the cardiac rehabilita-
tion is a valuable healthcare strategy to improve risk factors, lifestyle
habits, exercise capacity, psychological profile, health-related quality of
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Table 1
Recommendations for rehabilitation.

Guidelines/statements Key points/recommendations Level of evidence

2010 NICE Guidelines [18] Pulmonary rehabilitation should be made available to all appropriate
people with COPD including those who have had a recent hospitalisation
for an acute exacerbation.

Global Strategy for the Diagnosis, Management, and Prevention of
Chronic Obstructive Lung Disease 2017 Report. GOLD Executive
Summary [19].

Pulmonary rehabilitation improves symptoms, quality of life, and
physical and emotional participation in everyday activities.

Evidence A

Pulmonary rehabilitation reduces hospitalizations in patients with
recent exacerbation (< 4weeks from prior hospitalization)

Evidence B

Management of COPD exacerbations:
a European Respiratory Society/American
Thoracic Society guideline [20].

For patients who are hospitalised with a COPD exacerbation, we suggest
the initiation of pulmonary rehabilitation within 3weeks after hospital
discharge.

Conditional
recommendation

Australian and New Zealand Pulmonary Rehabilitation Guidelines [21]. Patients with mild-to-severe COPD should undergo pulmonary
rehabilitation to improve quality of life and exercise capacity and to
reduce hospital admissions.

Strong recommendation

Increasing implementation and delivery of pulmonary rehabilitation: key
messages from the new ATS/ERS policy statement [22].

Increased provision of pulmonary rehabilitation as an evidence-based,
standard component of the overall integrated care of symptomatic
patients with chronic respiratory diseases will not only improve the
physical and emotional health and quality of life of individual
participants, but will also markedly improve the quality of patient care
across the trajectory of illness and over time has the potential to
significantly reduce healthcare costs.

An Official American Thoracic Society/European Respiratory Society
Policy Statement: Enhancing Implementation, Use, and Delivery of
Pulmonary Rehabilitation [23].

The American Thoracic Society and European Respiratory Society
commit to undertake actions that will improve access to and delivery of
pulmonary rehabilitation services for suitable patients.

2014 AHA/ACC Guideline for the Management of Patients With Non–ST-
Elevation Acute Coronary Syndromes. A Report of the American
College of Cardiology/American Heart Association Task Force on
Practice Guidelines [24].

All eligible patients with Non-ST-Elevation acute coronary syndromes
should be referred to a comprehensive cardiovascular rehabilitation
program either before hospital discharge or during the first outpatient
visit.

Level of evidence B

2017 ESC Guidelines for the management of Acute myocardial infarction
in patients presenting with ST-segment elevation [25].

A short hospital stay implies limited time for proper patient education
and up-titration of secondary prevention treatments. Consequently,
these patients should have early post-discharge consultations with a
cardiologist, primary care physician, or specialized nurse scheduled and
be rapidly enrolled in a formal rehabilitation programme, either in-
hospital or on an outpatient basis.

Class I
Level of Evidence A

2018 ESC/EACTS Guidelines on myocardial revascularization [26]. After coronary artery bypass grafting or percutaneous coronary
intervention for acute myocardial infarction, participation in a cardiac
rehabilitation programme is recommended to improve patient
outcomes.

Class I
Level of Evidence A

2016 European Guidelines on cardiovascular disease prevention in clinical
practice [27]

Participation in a cardiac rehabilitation programme for patients
hospitalized for an acute coronary event or revascularization, and for
patients with heart failure, is recommended to improve patient
outcomes.

Class I
Level of Evidence A

Management of Adult Stroke Rehabilitation Care: a clinical practice
guideline [28].

Guidelines for Adult Stroke Rehabilitation and Recovery. A Guideline
for Healthcare Professionals From the American Heart Association/
American Stroke Association [29].

The provision of comprehensive rehabilitation programs with adequate
resources, dose, and duration is an essential aspect of stroke care and
should be a priority.
It is recommended that stroke patients who are candidates for postacute
rehabilitation receive organized, coordinated, interprofessional care.
Every patient should have access to an experienced multidisciplinary
rehabilitation team to ensure optimal outcome.
Rehabilitation interventions initiated early after stroke can enhance the
recovery process and minimize functional disability. Improved
functional outcomes for patients also contribute to patient satisfaction
and reduce potential costly long-term care expenditures.
Better clinical outcomes are achieved when post-acute stroke patients
who are candidates for rehabilitation receive coordinated,
multidisciplinary evaluation and intervention.
The patient and family/caregivers should be given information and
provided with an opportunity to learn about the causes and
consequences of stroke, potential complications, and the goals, process,
and prognosis of rehabilitation.

Class I
Level of Evidence A

National Institute for Health and Care Excellence. Stroke rehabilitation:
long-term rehabilitation after stroke [30,31].

People with disability after stroke should receive rehabilitation in a
dedicated inpatient unit and subsequently from a specialist stroke team
within the community.
The core stroke rehabilitation team should comprise the following
professionals with expertise in stroke rehabilitation: physician, nurse,
physiotherapist, occupational therapist, speech and language therapist,
clinical psychologist, rehabilitation assistant, and social worker.

Guidelines for the Management of Spontaneous Intracerebral
Hemorrhage. A Guideline for Healthcare Professionals From the
American Heart Association/American Stroke Association [32].

Given the potentially serious nature and complex pattern of evolving
disability and the increasing evidence for efficacy, it is recommended
that all patients with intracerebral hemorrhage have access to
multidisciplinary rehabilitation

Class I
Level of Evidence A
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life and prognosis after acute coronary syndromes and/or coronary
revascularization [45–48]. Nonetheless, cardiac rehabilitation still is
underdeveloped and underused in Europe, with participation rates
ranging between 30 and 50% of eligible patients [49,50]. As for pul-
monary rehabilitation, insufficient healthcare professional and patient
awareness and knowledge of the benefits of cardiac rehabilitation and
funding constraints have been regarded as major drivers of the under-
utilization of cardiac rehabilitation [49,50]. In a paper published in
2013, the European Heart Network stated, a) “Improving the im-
plementation of cardiac and stroke rehabilitation programs makes economic
sense. These services are cost-saving and cost-effective and represent an in-
vestment rather than an expense”. b) “Cardiac and stroke rehabilitation
programs must be an integral part of the patient's treatment plan.” c) Re-
habilitation programs should be accessible for all eligible patients, regardless
of gender, age, socio-economic status, ethnicity or their place of living” [50].
Because these recommendations remain largely unmet, further efforts
should be dedicated by stakeholders to enhance availability and af-
fordability of quality cardiac rehabilitation for suitable patients with
coronary disease.

2.1.3. Stroke rehabilitation
In an influential article published in Lancet in 2011, Langhorne

et al. underscored the complexity of stroke recovery after rehabilitation
[51]. Stroke recovery, indeed, probably results from the variable
combination of spontaneous neurological recovery and learning-de-
pendent processes, including restitution, substitution, and compensa-
tion [51]. The relative contribution of spontaneous neurological re-
covery and learning-dependent processes to recovery in patients with
stroke remains however substantially undefined.

Rehabilitation is an essential component of the care of patients after
stroke [52]. According to the American Heart Association/American
Stroke Association -Endorsed Practice Guidelines, the primary goals of
stroke rehabilitation are to prevent complications, minimize impair-
ments and maximize function. In addition, secondary prevention aimed
at preventing stroke recurrence as well as coronary vascular events was
recognized as a fundamental goal of stroke rehabilitation [29]. Al-
though motor impairment accounts for most disability post-stroke, the
presence of other common stroke-related impairments adds complexity
to initial assessment and goal setting and may influence rehabilitation
outcome. Research addressing basic mechanisms of neurological re-
covery, neuroplasticity-promoting strategies, and novel treatments is
being actively conducted [53–56]. So far, however, rehabilitation re-
mains the standard of care for motor impairment post-stroke [53].

While a favourable outcome in terms of improved motor impair-
ment after rehabilitation may reasonably be expected in patients with
mild or moderate stroke, those with severe stroke have a poor prog-
nostic outlook. Approximately 20–25% of stroke survivors present se-
vere disability [57,58]. Such patients are more often referred to con-
valescent or skilled nursing facilities rather than to inpatient
rehabilitation facilities, possibly reflecting a medical attitude to favour
patients with relatively less disability for inpatient rehabilitation fa-
cility care [57–59]. Indeed, because of several reasons including per-
ceived low potential for improvement, expected long length of stay, and
concerns about increased resources use, patients with severe disability
are generally perceived as poor candidates for inpatient rehabilitation
facility care, leading to inequities in access [60–64]. Inequities in access
to inpatient rehabilitation facilities for patients with severe stroke have
been recognized as an international issue [63]. Rehabilitation outcomes
of patients with the most severe disability are poorly characterized
[61,62]. To fill this gap of knowledge, we studied 1265 patients clas-
sified as case-mix groups 0108, 0109, and 0110 of the current Medicare
case-mix classification system [65]. The Medicare classification system
is based on the Functional Independence Measure and distinguishes 10
case-mix groups for stroke rehabilitation. Patients are assigned into 1 of
the 10 case-mix groups based on age, the sum of weighted ratings for 12
Functional Independence Measure motor items (transfer to tub or

shower item is excluded), and the sum of Functional Independence
Measure cognitive ratings [65]. The case-mix groups 0108, 0109 and
0110 encompass the most severely disabled patients. We found that
early rehabilitation (≤30 days from the occurrence of stroke) was as-
sociated with an incremental benefit with respect to late rehabilitation,
possibly reflecting the greater contribution of spontaneous recovery in
the first weeks after stroke occurrence, and that more than half of the
patients derived a clear benefit from rehabilitation in terms of motor
impairment [65]. We used the Functional Independence Measure,
which is the most commonly used measure of functioning worldwide,
for initial assessment of the severity of stroke and as outcome measure.
The WHO's International Classification of Function, Disability, and
Health (ICF), “which provides a framework for the effect of stroke on the
individual in terms of pathology (disease or diagnosis), impairment (symp-
toms and signs), activity limitation (disability), and participation restriction”
could be more informative about the effect of stroke on individual and
help developing a more comprehensive treatment plan in the re-
habilitation setting [51].

With regard to the possible effect of stroke rehabilitation on sur-
vival, two recent studies showed that the magnitude of improvement in
motor impairment after rehabilitation was positively associated with
long-term survival, regardless of age, gender, cardiovascular co-
morbidities, the etiology and severity of stroke (as assessed by the
National Institutes of Health Stroke Scale), and the initial severity of
disability [66,67]. This effect was confirmed in the most severely dis-
abled post-stroke patients [65]. Although the demonstration of an as-
sociation does not prove causality, these findings should prompt the
multidisciplinary team to maximize the efforts to improve functioning
as much as possible. Coordination and communication among the team
members are key to maximizing the effectiveness of rehabilitation [29].
Early referral to inpatient rehabilitation facilities after stroke is essen-
tial. Langhorne et al. recently published the INTERSTROKE study, in-
cluding 12,342 patients with stroke from 108 hospitals in 28 countries
[68]. After adjustment for patient case-mix and country wealth, the
provision of antiplatelet treatment to the patients with cerebral in-
farction, the availability of stroke unit care and post-discharge re-
habilitation were each associated with a greater chance of survival
without severe dependency [68].

Table 2 summarizes the clinical benefits of pulmonary, cardiac and
stroke rehabilitation.

Table 2
Clinical benefits of pulmonary, cardiac and stroke rehabilitation
[18–34,50,52,69].

Outcomes Pulmonary
rehabilitation

Cardiac
rehabilitation

Stroke
rehabilitation

Education ✔ ✔ ✔✔

Risk factor
modification

✔✔ ✔✔ ✔✔

Secondary prevention ✔ ✔✔ ✔✔

Adoption of a healthy
lifestyle

✔✔ ✔

Health-related quality
of life

✔✔ ✔ ✔✔

Mastery ✔ ✔ ✔✔

Symptom improvement ✔✔ ✔ ✔✔

Functional
improvement

✔✔

Exercise tolerance ✔✔ ✔✔

Prevention of Falls ✔

Disability ✔✔ ✔✔ ✔✔

Prevention of
complications
(early referral)

✔ ✔✔ ✔

Mortality ✔✔ ✔

Unplanned hospital
readmissions

✔ ✔✔
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2.2. Rehabilitation and internal medicine across the continuum of care

In the last years, the role of rehabilitation has evolved as patients
with increasing levels of medical complexity and disease severity are
increasingly being admitted to rehabilitation programs. As underscored
by the WHO, there is strong evidence that the provision of inpatient
rehabilitation in specialized rehabilitation units to people with complex
needs is effective in reducing mortality, increasing independence and
keeping people at home [69]. In addition, there is substantial evidence
that rehabilitation is effective for the prevention of functional dete-
rioration and hence of further disability in patients with complex and/
or severe chronic diseases [69]. This evidence of effectiveness indicates
that rehabilitation should be regarded as an essential part of the con-
tinuum of care and should therefore more efficiently be integrated at all
levels of the health system and made available across the continuum of
care for suitable patients [11,69]. In the current scenario of chronicity,
multiple pathologic conditions, and medical complexity, the strict in-
teraction between rehabilitation and the holistic clinical vision of in-
ternal medicine would represent an added value for the continuum of
care for chronic multi-pathologic patients.

2.3. The international classification of functioning, disability and health: a
framework for improving functional assessment and outcomes in the
rehabilitation setting

The ICF is nowadays universally established as the landmark for
rehabilitation medicine, since its launch by the WHO in 2001 [70,71].
Its structure characteristics, based on a hierarchic and progressive en-
coding system, allows the patient description from a bio-psycho-social
perspective, where the ICF components represent the four factors that
play a crucial role in a person's description: b, body functions (phy-
siological performing of the body, mental functions included); s, body
structures (anatomical parts of the body); d, activities and participation
(set of relevant tasks that represent what one is able to do in everyday
life); e, environmental factors (which include facilitators and barriers).
The operational value of the classification is represented by qualifiers
that describe the severity of the impairment or the restrictions in ev-
eryday life activities (ranging from 0 - total absence impairment/re-
striction of ability and participation - to 4 - complete impairment/re-
striction of ability and participation). Its major strength is represented
by the ability to integrate disparate functioning domains (such as
physical, personal, social and environmental aspects) into a holistic
vision of health and disability. A second gain of its implementation in
healthcare is the possibility to provide a shared, specific language, able
to connect multi-professional teams, where the predominance of the
organic components yields place to a complex, mutual-related and
mutual-dependent network of biopsychosocial factors that altogether
outline the current functioning “portrait” of the patient. Furthermore,
the relevance of the ICF implementation in healthcare lays the
groundwork for the growing importance of personalized and patient-
centered medicine, as it recognizes the necessity to tailor interventions
along all life situations and towards patient-relevant issues. Nowadays,
personalized and patient-centered medicine should be regarded as
major issues of internal medicine due to the multi-faceted complexity of
most chronic patients.

In synthesis, when coming to assessment and patient description in
rehabilitation medicine, the ICF framework is supported by a sound
international literature, mainly focused on research, covering chroni-
city over a wide perspective [72], ranging from spinal cord injury
[73,74] to cancer [75], from stroke [76] to palliative care [77]. Even if
the debate upon being the ICF a sound tool for outcome measure is still
open [78], mainly related to inter-rater reliability and validity issues
[79,80] and to its clinimetric properties [81], when coming to consider
the ICF as a framework to guide outcome assessment, literature sup-
ports its central role in providing sound information able to describe
both rehabilitation medicine objectives and outcome [82–84]. In fact,

ICF cannot be considered as an outcome measure by itself, but when the
qualifiers are operationalized, proper training on the framework is
provided, and the ICF codes are associated with reliable already ex-
isting assessment tools, following the well-established linking rules
[85], new perspectives are provided as to goals and outcome, both in
rehabilitation [86] and in acute settings [81,87]. Given the wide
number of the ICF codes available, in order to simplify clinical practice
implementation, core sets were identified as being able to describe
specific patients' conditions [88,89] and ICF codes were linked to spe-
cific assessment tools, in order to enhance comparability of health in-
formation and set the ground to a common language across all levels of
health care systems [85]. A sound and extensive literature is available
on the strengths of the ICF model in providing a holistic patient's de-
scription, but when coming to real life implementation, few experiences
are described, mainly focusing to single conditions or confined to a
restricted period of time [90–92] and only one describes the framework
implementation in every day clinical practice in rehabilitation medicine
[93].

Even if the ICF implementation in real life is in its early steps, one of
the strongest points of the ICF framework relies in its ability to describe
functioning with a language that can be transversally acknowledged,
through nationalities, races, age cohorts and health conditions. This
universality of a common language has led to propose the ICF in re-
habilitation medicine as the “third health indicator, complementing the
established indicators of mortality and morbidity” [94]. Taken these
three aspects together they could allow to monitor the health care
systems in goal setting and outcome assessment. Moreover, when
dealing with Diagnosis-Related Group case-mix systems, information on
functioning could become an important factor being able to describe
resource use: by adding functioning information, the system in hospital
settings could be improved by better describing resource use, such as
higher costs and lengths of stay for the frail elderly and for the severely
impaired patients [95]. Integrating both the International Classification
of Diseases and the ICF classification in patient's description could help
to shed light on the complexity that rehabilitation medicine has to deal
with in the modern society [96–98]. Complexity is not to be considered
as a synonymous of complicated, but stays for the necessary integration
of interrelated information (i.e. internal medicine issues, rehabilitation
goals, pharmacotherapy, diagnostic and rehabilitation procedures, so-
cial environment, aids): the computational models that may describe
rehabilitation medicine are necessarily nonlinear and need to integrate
networks of actors and multiple nodes of interrelations [99]. The joint
use of the WHO classification could provide, through a comprehensive
approach, cues in patient's holistic description and assessment and
could aid to better define rehabilitation goals and to identify the spe-
cific procedures linked to specific objectives and outcomes, by catching
information on disability and on recovery in functioning. In Fig. 1 are
synthesized the principal steps that should characterize the patient's
process in rehabilitation medicine, by integrating International Classi-
fication of Diseases and ICF classification in the clinical care pathways
[93,98].

Joint International Classification of Diseases and ICF implementa-
tion in every day clinical practice could allow standardizing the in-
formation reported in digital health records and providing a benchmark
by which research and clinical data could be compared internationally.
Nowadays data comparison is considered mandatory worldwide and
big data analysis require a shared standard, often a challenge more than
a reached objective, where digital transformation is unfortunately not
as straightforward as needed [100]. Usability problems are tackled
every day and a lean perspective should always guide the digital
transformation [101], where the centrality should always be provided
to contents more than tools and to patient's clinical management.

3. Conclusions

In conclusion, there is substantial evidence that patients with COPD,
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IHD, or stroke can significantly benefit from high-quality rehabilitation.
Implementation of the ICF in the rehabilitation setting might allow
achieving better outcomes. Despite the evidence of benefit, however,
rehabilitation still is underdeveloped and underused. Further efforts
should be devoted to foster healthcare professional awareness of the
benefits of rehabilitation and to increase referral and participation.

This research did not receive any specific grant from finding agen-
cies in the public, commercial, or not-for-profit sectors.

Conflict of interest

None declared.

References

[1] Rehabilitation 2030: A call for action - World Health Organization Available at
http://www.who.int/disabilities/care/Rehab2030MeetingReport_plain_text_
version.pdf, Accessed date: 27 September 2018.

[2] World Health Organization. World report on ageing and health Available at http://
apps.who.int/iris/bitstream/handle/10665/186463/9789240694811_eng.
pdf;jsessionid=18461928F66C6C767238460294BBF9A7?sequence=1, Accessed
date: 27 September 2018.

[3] Gill TM, Beavers DP, Guralnik JM, Pahor M, Fielding RA, Hauser M, et al. The
effect of intervening hospitalizations on the benefit of structured physical activity
in promoting independent mobility among community-living older persons: sec-
ondary analysis of a randomized controlled trial. BMC Med 2017;15:65. https://
doi.org/10.1186/s12916-017-0824-6.

[4] Ehlenbach WJ, Larson EB, Curtis JR, Hough CL. Physical function and disability
after acute care and critical illness hospitalizations in a prospective cohort of older
adults. J Am Geriatr Soc 2015;63:2061–9.

[5] Kress JP, Hall JB. ICU-acquired weakness and recovery from critical illness. N Engl
J Med 2014;370:1626–35.

[6] GBD 2016 DALYs and HALE Collaborators. Global, regional, and national dis-
ability-adjusted life-years (DALYs) for 333 diseases and injuries and healthy life
expectancy (HALE) for 195 countries and territories, 1990–2016: a systematic
analysis for the Global Burden of Disease Study 2016. Lancet 2017;390:1260–344.

[7] Chatterji S, Byles J, Cutler D, Seeman T, Verdes E. Health, functioning, and dis-
ability in older adults—present status and future implications. Lancet
2015;385:563–75.

[8] Robine J-M, Van Oyen H, Jeune B, Bronnum-Hanse H, Cambois E, Doblhammer G,
et al. EHLEIS technical report 2017_4.1. April 2017. EHLEIS country reports issue
10 Available at http://www.eurohex.eu/ehleis/pdf/CountryReports_Issue10/All_
countries.pdf, Accessed date: 27 September 2018.

[9] Murray CJ, Vos T, Lozano R, Naghavi M, Flaxman AD, Michaud C, et al. Disability-
adjusted life years (DALYs) for 291 diseases and injuries in 21 regions, 1990–2010:
a systematic analysis for the Global Burden of Disease Study 2010. Lancet
2012;380:2197–223.

[10] Stucki G, Stier-Jarmer M, Grill E, Melvin J. Rationale and principles of early re-
habilitation care after an acute injury or illness. Disabil Rehabil 2005;27:353–9.

[11] Mills T, Marks E, Reynolds T, Cieza A. Rehabilitation: Essential along the con-
tinuum of care. In: Jamison DT, Gelband H, Horton S, Jha P, Laxminarayan R,
Mock CN, Nugent R, editors. Disease control priorities: improving health and re-
ducing poverty. 3rd editionWashington (DC): The International Bank for
Reconstruction and Development/The World Bank; 2017 Nov 27 [Chapter 15].

[12] Stucki G, Bickenbach J, Gutenbrunner C, Melvin J. Rehabilitation: The health
strategy of the 21st century. J Rehabil Med 2018;50:309–16.

[13] National Institute for Health and Care Excellence. Transition between inpatient
hospital settings and community or care home settings for adults with social care
needs: final version. NICE guideline: full version, November 2015 Available at
https://www.nice.org.uk/guidance/ng27/evidence/full-guideline-pdf-
2185185565 Accessed on September 20, 2018.

[14] GBD 2015 Mortality and Causes of Death Collaborators. Global, regional, and
national life expectancy, all-cause mortality, and cause-specific mortality for 249
causes of death, 1980–2015: a systematic analysis for the Global Burden of Disease
Study 2015. Lancet 2016;388:1459–544.

[15] Verma AA, Guo Y, Kwan JL, Lapointe-Shaw L, Rawal S, Tang T, et al. Prevalence
and costs of discharge diagnoses in inpatient general internal medicine: a multi-
center cross-sectional study. J Gen Intern Med 2018 Jul 27. https://doi.org/10.
1007/s11606-018-4591-7. [Epub ahead of print].

[16] Sakhnini A, Saliba W, Schwartz N, Bisharat N. The derivation and validation of a
simple model for predicting in-hospital mortality of acutely admitted patients to
internal medicine wards. Medicine (Baltimore) 2017;96:e7284. https://doi.org/
10.1097/MD.0000000000007284.

[17] Wong EL, Cheung AW, Leung MC, Yam CH, Chan FW, Wong FY, et al. Unplanned
readmission rates, length of hospital stay, mortality, and medical costs of ten
common medical conditions: a retrospective analysis of Hong Kong hospital data.
BMC Health Serv Res 2011;11:149. https://doi.org/10.1186/1472-6963-11-149.

[18] National Institute for Health and Clinical Excellence. Chronic obstructive pul-
monary disease: management of chronic pulmonary obstructive disease in adults
in primary and secondary care (partial update). London: National Clinical
Guideline Centre; 2010.

[19] Vogelmeier CF, Criner GJ, Martinez FJ, Anzueto A, Barnes PJ, Bourbeau J, et al.
Global strategy for the diagnosis, management, and prevention of chronic ob-
structive lung disease 2017 report. GOLD executive summary. Am J Respir Crit
Care Med 2017;195:557–82.

[20] Wedzicha JA, Miravitlles M, Hurst JR, et al. Management of COPD exacerbations: a
European Respiratory Society/American Thoracic Society guideline. Eur Respir J
2017;49:1600791. https://doi.org/10.1183/13993003.00791-2016.

[21] Alison JA, McKeough ZJ, Johnston K, McNamara RJ, Spencer LM, Jenkins SC,
et al. Australian and New Zealand pulmonary rehabilitation guidelines.
Respirology 2017;22:800–19.

[22] Vogiatzis I, Rochester CL, Spruit MA, Troosters T, Clini EM, American Thoracic
Society/European Respiratory Society Task Force on Policy in Pulmonary
Rehabilitation. Increasing implementation and delivery of pulmonary rehabilita-
tion: Key messages from the new ATS/ERS policy statement. Eur Respir J
2016;47:1336–41.

[23] Rochester CL, Vogiatzis I, Holland AE, Lareau SC, Marciniuk DD, Puhan MA, et al.
An official american thoracic society/european respiratory society policy state-
ment: Enhancing implementation, use, and delivery of pulmonary rehabilitation.
Am J Respir Crit Care Med 2015;192:1373–86.

[24] Amsterdam EA, Wenger NK, Brindis RG, Casey Jr. DE, Ganiats TG, Holmes Jr. DR,
et al. 2014 AHA/ACC guideline for the management of patients with non-ST-ele-
vation acute coronary syndromes: a report of the American College of Cardiology/
American Heart Association Task Force on Practice Guidelines. Circulation
2014;130:e344–426.

[25] Ibanez B, James S, Agewall S, Antunes MJ, Bucciarelli-Ducci C, Bueno H, et al.
2017 ESC Guidelines for the management of acute myocardial infarction in pa-
tients presenting with ST-segment elevation: The Task Force for the management
of acute myocardial infarction in patients presenting with ST-segment elevation of
the European Society of Cardiology (ESC). Eur Heart J 2018;39:119–77.

[26] Neumann FJ, Sousa-Uva M, Ahlsson A, Alfonso F, Banning AP, Benedetto U, et al.
2018 ESC/EACTS Guidelines on myocardial revascularization. Eur Heart J 2018.
https://doi.org/10.1093/eurheartj/ehy394. [Epub ahead of print].

Fig. 1. The principal steps that should characterize the patient's process in rehabilitation medicine, by integrating ICD (International Classification of Diseases) and
ICF (International Classification of Functioning Disability and Health) in the clinical care pathways, are represented. The ICD diagnosis is declined in the related
Clinical Care Pathway and its aims are defined through the ICF framework. The ICF is intended as a tool enabling to define goals and to describe the rehabilitation
outcome.

D. Scrutinio et al. European Journal of Internal Medicine xxx (xxxx) xxx–xxx

6

http://www.who.int/disabilities/care/Rehab2030MeetingReport_plain_text_version.pdf
http://www.who.int/disabilities/care/Rehab2030MeetingReport_plain_text_version.pdf
http://apps.who.int/iris/bitstream/handle/10665/186463/9789240694811_eng.pdf;jsessionid=18461928F66C6C767238460294BBF9A7?sequence=1
http://apps.who.int/iris/bitstream/handle/10665/186463/9789240694811_eng.pdf;jsessionid=18461928F66C6C767238460294BBF9A7?sequence=1
http://apps.who.int/iris/bitstream/handle/10665/186463/9789240694811_eng.pdf;jsessionid=18461928F66C6C767238460294BBF9A7?sequence=1
https://doi.org/10.1186/s12916-017-0824-6
https://doi.org/10.1186/s12916-017-0824-6
http://refhub.elsevier.com/S0953-6205(18)30412-6/rf0020
http://refhub.elsevier.com/S0953-6205(18)30412-6/rf0020
http://refhub.elsevier.com/S0953-6205(18)30412-6/rf0020
http://refhub.elsevier.com/S0953-6205(18)30412-6/rf0025
http://refhub.elsevier.com/S0953-6205(18)30412-6/rf0025
http://refhub.elsevier.com/S0953-6205(18)30412-6/rf0030
http://refhub.elsevier.com/S0953-6205(18)30412-6/rf0030
http://refhub.elsevier.com/S0953-6205(18)30412-6/rf0030
http://refhub.elsevier.com/S0953-6205(18)30412-6/rf0030
http://refhub.elsevier.com/S0953-6205(18)30412-6/rf0035
http://refhub.elsevier.com/S0953-6205(18)30412-6/rf0035
http://refhub.elsevier.com/S0953-6205(18)30412-6/rf0035
http://www.eurohex.eu/ehleis/pdf/CountryReports_Issue10/All_countries.pdf
http://www.eurohex.eu/ehleis/pdf/CountryReports_Issue10/All_countries.pdf
http://refhub.elsevier.com/S0953-6205(18)30412-6/rf0045
http://refhub.elsevier.com/S0953-6205(18)30412-6/rf0045
http://refhub.elsevier.com/S0953-6205(18)30412-6/rf0045
http://refhub.elsevier.com/S0953-6205(18)30412-6/rf0045
http://refhub.elsevier.com/S0953-6205(18)30412-6/rf0050
http://refhub.elsevier.com/S0953-6205(18)30412-6/rf0050
http://refhub.elsevier.com/S0953-6205(18)30412-6/rf0055
http://refhub.elsevier.com/S0953-6205(18)30412-6/rf0055
http://refhub.elsevier.com/S0953-6205(18)30412-6/rf0055
http://refhub.elsevier.com/S0953-6205(18)30412-6/rf0055
http://refhub.elsevier.com/S0953-6205(18)30412-6/rf0055
http://refhub.elsevier.com/S0953-6205(18)30412-6/rf0060
http://refhub.elsevier.com/S0953-6205(18)30412-6/rf0060
https://www.nice.org.uk/guidance/ng27/evidence/full-guideline-pdf-2185185565
https://www.nice.org.uk/guidance/ng27/evidence/full-guideline-pdf-2185185565
http://refhub.elsevier.com/S0953-6205(18)30412-6/rf0070
http://refhub.elsevier.com/S0953-6205(18)30412-6/rf0070
http://refhub.elsevier.com/S0953-6205(18)30412-6/rf0070
http://refhub.elsevier.com/S0953-6205(18)30412-6/rf0070
https://doi.org/10.1007/s11606-018-4591-7
https://doi.org/10.1007/s11606-018-4591-7
https://doi.org/10.1097/MD.0000000000007284
https://doi.org/10.1097/MD.0000000000007284
https://doi.org/10.1186/1472-6963-11-149
http://refhub.elsevier.com/S0953-6205(18)30412-6/rf0090
http://refhub.elsevier.com/S0953-6205(18)30412-6/rf0090
http://refhub.elsevier.com/S0953-6205(18)30412-6/rf0090
http://refhub.elsevier.com/S0953-6205(18)30412-6/rf0090
http://refhub.elsevier.com/S0953-6205(18)30412-6/rf0095
http://refhub.elsevier.com/S0953-6205(18)30412-6/rf0095
http://refhub.elsevier.com/S0953-6205(18)30412-6/rf0095
http://refhub.elsevier.com/S0953-6205(18)30412-6/rf0095
https://doi.org/10.1183/13993003.00791-2016
http://refhub.elsevier.com/S0953-6205(18)30412-6/rf0105
http://refhub.elsevier.com/S0953-6205(18)30412-6/rf0105
http://refhub.elsevier.com/S0953-6205(18)30412-6/rf0105
http://refhub.elsevier.com/S0953-6205(18)30412-6/rf0110
http://refhub.elsevier.com/S0953-6205(18)30412-6/rf0110
http://refhub.elsevier.com/S0953-6205(18)30412-6/rf0110
http://refhub.elsevier.com/S0953-6205(18)30412-6/rf0110
http://refhub.elsevier.com/S0953-6205(18)30412-6/rf0110
http://refhub.elsevier.com/S0953-6205(18)30412-6/rf0115
http://refhub.elsevier.com/S0953-6205(18)30412-6/rf0115
http://refhub.elsevier.com/S0953-6205(18)30412-6/rf0115
http://refhub.elsevier.com/S0953-6205(18)30412-6/rf0115
http://refhub.elsevier.com/S0953-6205(18)30412-6/rf0120
http://refhub.elsevier.com/S0953-6205(18)30412-6/rf0120
http://refhub.elsevier.com/S0953-6205(18)30412-6/rf0120
http://refhub.elsevier.com/S0953-6205(18)30412-6/rf0120
http://refhub.elsevier.com/S0953-6205(18)30412-6/rf0120
http://refhub.elsevier.com/S0953-6205(18)30412-6/rf0125
http://refhub.elsevier.com/S0953-6205(18)30412-6/rf0125
http://refhub.elsevier.com/S0953-6205(18)30412-6/rf0125
http://refhub.elsevier.com/S0953-6205(18)30412-6/rf0125
http://refhub.elsevier.com/S0953-6205(18)30412-6/rf0125
https://doi.org/10.1093/eurheartj/ehy394


[27] Piepoli MF, Hoes AW, Agewall S, Albus C, Brotons C, Catapano AL, et al. 2016
European Guidelines on cardiovascular disease prevention in clinical practice. Eur
Heart J 2016;37:2315–81.

[28] Duncan PW, Zorowitz R, Bates B, Choi JY, Glasberg JJ, Graham GD, et al.
Management of Adult Stroke Rehabilitation Care: a clinical practice guideline.
Stroke 2005;36:e100–43.

[29] Winstein CJ, Stein J, Arena R, Bates B, Cherney LR, Cramer SC, et al. Guidelines for
adult stroke rehabilitation and recovery a guideline for healthcare professionals
from the American Heart Association/American Stroke Association. Stroke
2016;47:e98–169. https://doi.org/10.1161/STR.0000000000000098.

[30] National Institute for Health and Care Excellence. Stroke rehabilitation: long-term
rehabilitation after stroke (clinical guideline CG162) Available at http://guidance.
nice.org.uk/CG162; 2013 Accessed on September 14, 2018.

[31] Dworzynski K, Ritchie G, Fenu E, MacDermott K, Playford ED, Guideline
Development Group. Rehabilitation after stroke: summary of NICE guidance. BMJ
2013 Jun 12;346:f3615. https://doi.org/10.1136/bmj.f3615.

[32] Hemphill 3rd JC, Greenberg SM, Anderson CS, Becker K, Bendok BR, Cushman M,
et al. Guidelines for the management of spontaneous intracerebral hemorrhage: A
guideline for healthcare professionals from the American Heart Association/
American Stroke Association. Stroke 2015;46:2032–60.

[33] Casaburi R, ZuWallack R. Pulmonary rehabilitation for management of chronic
obstructive pulmonary disease. N Engl J Med 2009;360:1329–35.

[34] Lacasse Y, Goldstein R, Lasserson TJ, Martin S. Pulmonary rehabilitation for
chronic obstructive pulmonary disease. Cochrane Database Syst Rev
2006(4):CD003793https://doi.org/10.1002/14651858.CD003793.pub2.

[35] Steiner MC, Roberts CM. Pulmonary rehabilitation: the next steps. Lancet Respir
Med 2016 Mar Mar;4(3):172–3.

[36] Steiner M, Holzhauer-Barrie J, Lowe D, Searle L, Skipper E, Welham S, et al.
Pulmonary rehabilitation: steps to breathe better. National Chronic Obstructive
Pulmonary Disease (COPD) Audit Programme: resources and organisation of pul-
monary rehabilitation services in England and Wales 2015. London: Royal College
of Physicians; 2016 Available at https://www.acprc.org.uk/Data/Publication_
Downloads/COPDPRClinicalAudit-Stepstobreathebetter2016.pdf?date=10/09/
2018%2007:42:24, Accessed date: 14 September 2018.

[37] Puhan MA, Gimeno-Santos E, Cates CJ, Troosters T. Pulmonary rehabilitation
following exacerbations of chronic obstructive pulmonary disease. Cochrane
Database Syst Rev 2016 Dec 8;12:CD005305.

[38] Revitt O, Sewell L, Morgan MD, Steiner M, Singh S. Short outpatient pulmonary
rehabilitation programme reduces readmission following a hospitalization for an
exacerbation of chronic obstructive pulmonary disease. Respirology
2013;18:1063–8.

[39] Vogiatzis I, Rochester CL, Spruit MA, Troosters T. Clini EM; American Thoracic
Society/European Respiratory Society Task Force on Policy in Pulmonary
Rehabilitation. Increasing implementation and delivery of pulmonary rehabilita-
tion: key messages from the new ATS/ERS policy statement. Eur Respir J
2016;47:1336–41.

[40] Jones SE, Green SA, Clark AL, Dickson MJ, Nolan AM, Moloney C, et al. Pulmonary
rehabilitation following hospitalisation for acute exacerbation of COPD: Referrals,
uptake and adherence. Thorax 2014;69:181–2.

[41] Ford ES, Ajani UA, Croft JB, Critchley JA, Labarthe DR, Kottke TE, et al. Explaining
the decrease in U.S. deaths from coronary disease, 1980–2000. N Engl J Med
2007;356:2388–98.

[42] Rauch B, Davos CH, Doherty P, Saure D, Metzendorf MI, Salzwedel A, et al. The
prognostic effect of cardiac rehabilitation in the era of acute revascularisation and
statin therapy: A systematic review and meta-analysis of randomized and non-
randomized studies - The Cardiac Rehabilitation Outcome Study (CROS). Eur J
Prev Cardiol 2016;23:1914–39.

[43] de Vries H, Kemps HM, van Engen-Verheul MM, Kraaijenhagen RA, Peek N.
Cardiac rehabilitation and survival in a large representative community cohort of
Dutch patients. Eur Heart J 2015;36:1519–28.

[44] Doimo S, Fabris E, Piepoli M, Barbati G, Antonini-Canterin F, Bernardi G, et al.
Impact of ambulatory cardiac rehabilitation on cardiovascular outcomes: a long-
term follow-up study. Eur Heart J 2018 Jul 27. https://doi.org/10.1093/
eurheartj/ehy417. [Epub ahead of print].

[45] Kachur S, Chongthammakun V, Lavie CJ, De Schutter A, Arena R, Milani RV, et al.
Impact of cardiac rehabilitation and exercise training programs in coronary heart
disease. Prog Cardiovasc Dis 2017;60:103–14.

[46] Anderson L, Oldridge N, Thompson DR, Zwisler AD, Rees K, Martin N, et al.
Exercise-based cardiac rehabilitation for coronary heart disease: Cochrane sys-
tematic review and meta-analysis. J Am Coll Cardiol 2016;67:1–12.

[47] Lavie CJ, Arena R, Franklin BA. Cardiac rehabilitation and healthy life-style in-
terventions: Rectifying program deficiencies to improve patient outcomes. J Am
Coll Cardiol 2016;67:13–5.

[48] De Schutter A, Kachur S, Lavie CJ, Menezes A, Shum KK, Bangalore S, et al.
Cardiac rehabilitation fitness changes and subsequent survival. Eur Heart J Qual
Care Clin Outcomes 2018;4:173–9.

[49] Humphrey R, Guazzi M, Niebauer J. Cardiac rehabilitation in Europe. Prog
Cardiovasc Dis 2014;56:551–6.

[50] European Heart Network. EHN paper on cardiac & stroke rehabilitation Available
at www.ehnheart.org; February 24 2013, Accessed date: 15 September 2018.

[51] Langhorne P, Bernhardt J, Kwakkel G. Stroke rehabilitation. Lancet
2011;377:1693–702.

[52] Mendis S. Stroke disability and rehabilitation of stroke: World Health Organization
perspective. Int J Stroke 2013;8:3–4.

[53] Dimyan MA, Cohen LG. Neuroplasticity in the context of motor rehabilitation after
stroke. Nat Rev Neurol 2011;7:76–85.

[54] Bosetti F, Koenig JI, Ayata C, Back SA, Becker K, Broderick JP, et al. Translational
stroke research. Vision and Opportunities Stroke 2017;48:2632–7.

[55] Lindgren A, Maguire J. Stroke recovery genetics. Stroke 2016;47:2427-34. Cramer
SC. Drugs to enhance motor recovery after stroke. Stroke 2015;46:2427–34.

[56] Cramer SC. Drugs to enhance motor recovery after stroke. Stroke
2015;46:2998–3005.

[57] Béjot Y, Troisgros O, Gremeaux V, Lucas B, Jacquin A, Khoumri C, et al. Poststroke
disposition and associated factors in a population-based study: the Dijon Stroke
Registry. Stroke 2012;43:2071–7.

[58] Xian Y, Thomas L, Liang L, Federspiel JJ, Webb LE, Bushnell CD, et al. Unexplained
variation for hospitals' use of inpatient rehabilitation and skilled nursing facilities
after an acute ischemic stroke. Stroke 2017;48:2836–42.

[59] Hakkennes SJ, Brock K, Hill KD. Selection for inpatient rehabilitation after acute
stroke: a systematic review of the literature. Arch Phys Med Rehabil
2011;92:2057–70.

[60] Ilett PA, Brock KA, Graven CJ, Cotton SM. Selecting patients for rehabilitation
after acute stroke: are there variations in practice? Arch Phys Med Rehabil
2010;91:788–93.

[61] Pereira S, Graham JR, Shahabaz A, Salter K, Foley N, Meyer M, et al.
Rehabilitation of individuals with severe stroke: Synthesis of best evidence and
challenges in implementation. Top Stroke Rehabil 2012;19:122–31.

[62] Teasell R, Pereira S, Cotol A. The rehabilitation of severe stroke Available at:
http://www.ebrsr.com/evidence-review/22-rehabilitationsevere-stroke, Accessed
date: 30 August 2017.

[63] Lynch EA, Cadilhac DA, Luker JA, Hillier SL. Inequities in access to inpatient re-
habilitation after stroke: an international scoping review. Top Stroke Rehabil
2017;24:619–26.

[64] Seel RT, Steyerberg EW, Malec JF, Sherer M, Macciocchi SN. Developing and
evaluating prediction models in rehabilitation populations. Arch Phys Med Rehabil
2012;93:S138–53.

[65] Scrutinio D, Guida P, Lanzillo B, Ferretti C, Loverre A, Montrone N, et al.
Rehabilitation Outcomes of Patients With Severe Disability Poststroke. Archiv
Phys Med Rehabil 2018 Jul 26. https://doi.org/10.1016/j.apmr.2018.06.023.
pii:S0003-9993(18)30462-3. (Epud ahead of print).

[66] Scrutinio D, Lanzillo B, Guida P, Mastropasqua F, Monitillo V, Pusineri M, et al.
Development and validation of a predictive model for functional outcome after
stroke rehabilitation: The Maugeri Model. Stroke 2017;48:3308–15.

[67] Scrutinio D, Monitillo V, Guida P, Nardulli R, Multari V, Monitillo F, et al.
Functional gain after inpatient stroke rehabilitation: Correlates and impact on
long-term survival. Stroke 2015;46:2976–80.

[68] Langhorne P, O'Donnell MJ, Chin SL, Zhang H, Xavier D, Avezum A, et al. Practice
patterns and outcomes after stroke across countries at different economic levels
(INTERSTROKE): an international observational study. Lancet 2018;391:2019–27.

[69] Rehabilitation in health systems. Geneva: World Health Organization; 2017.
(Licence: CC BY-NC-SA 3.0 IGO).

[70] http://www.who.int/classifications/icf/en/, Accessed date: 7 October 2018.
[71] Stucki G, Zampolini M, Juocevicius A, Negrini S, Christodoulou N. Practice, sci-

ence and governance in interaction: European effort for the system-wide im-
plementation of the International Classification of Functioning, Disability and
Health (ICF) in Physical and Rehabilitation Medicine. Eur J Phys Rehabil Med
2017;53:299–307.

[72] Escorpizo R, Bemis-Dougherty A. Introduction to special issue: A review of the
international classification of functioning, disability and health and physical
therapy over the years. Physiother Res Int 2015;20:200–9.

[73] Pires JM, Ferreira AM, Rocha F, Andrade LG, Campos I, Margalho P, et al.
Assessment of neurogenic bowel dysfunction impact after spinal cord injury using
the International Classification of Functioning, Disability and Health. Eur J Phys
Rehabil Med 2018 May 9. https://doi.org/10.23736/S1973-9087.18.04991-2.
[Epub ahead of print].

[74] Li K, Yan T, You L, Xie S, Li Y, Tang J, et al. Psychometric properties of the
International Classification of Functioning, Disability and Health set for spinal
cord injury nursing based on Rasch analysis. Disabil Rehabil 2018;40:338–45.

[75] Giardini A, Pisoni C, Giorgi I, Borelli V, Scoccia E, Majani G. ICF, quality of life,
and depression in breast cancer: perceived disability in disease-free women 6
months after mastectomy. Support Care Cancer 2013 Sep;21(9):2453–60.

[76] Ezekiel L, Collett J, Mayo NE, Pang L, Field L, Dawes H. Factors associated with
participation in life situations for adults with stroke: A systematic review. Arch
Phys Med Rehabil 2018. https://doi.org/10.1016/j.apmr.2018.06.017. S0003-
9993(18)30443-X, [Epub ahead of print].

[77] Giardini A, Ferrari P, Negri EM, Majani G, Magnani C, Preti P. The positive role of
caregivers in terminal cancer patients' abilities: usefulness of the ICF framework.
Eur J Phys Rehabil Med 2016;52:214–22.

[78] Kohler F, Connolly C, Sakaria A, Stendara K, Buhagiar M, Mojaddidi M. Can the
ICF be used as a rehabilitation outcome measure? A study looking at the inter- and
intra-rater reliability of ICF categories derived from an ADL assessment tool. J
Rehabil Med 2013;45:881–7.

[79] Okochi J, Utsunomiya S, Takahashi T. Health measurement using the ICF: Test-
retest reliability study of ICF codes and qualifiers in geriatric care. Health Qual Life
Outcomes 2005;3:46.

[80] Hilfiker R, Obrist S, Christen G, Lorenz T, Cieza A. The use of the comprehensive
International Classification of Functioning, Disability and Health Core Set for low
back pain in clinical practice: A reliability study. Physiother Res Int
2009;14:147–66.

[81] Connolly B. Describing and measuring recovery and rehabilitation after critical
illness. Curr Opin Crit Care 2015;21:445–52.

[82] Lexell J, Brogårdh C. The use of ICF in the neurorehabilitation process.

D. Scrutinio et al. European Journal of Internal Medicine xxx (xxxx) xxx–xxx

7

http://refhub.elsevier.com/S0953-6205(18)30412-6/rf0135
http://refhub.elsevier.com/S0953-6205(18)30412-6/rf0135
http://refhub.elsevier.com/S0953-6205(18)30412-6/rf0135
http://refhub.elsevier.com/S0953-6205(18)30412-6/rf0140
http://refhub.elsevier.com/S0953-6205(18)30412-6/rf0140
http://refhub.elsevier.com/S0953-6205(18)30412-6/rf0140
https://doi.org/10.1161/STR.0000000000000098
http://guidance.nice.org.uk/CG162
http://guidance.nice.org.uk/CG162
https://doi.org/10.1136/bmj.f3615
http://refhub.elsevier.com/S0953-6205(18)30412-6/rf0160
http://refhub.elsevier.com/S0953-6205(18)30412-6/rf0160
http://refhub.elsevier.com/S0953-6205(18)30412-6/rf0160
http://refhub.elsevier.com/S0953-6205(18)30412-6/rf0160
http://refhub.elsevier.com/S0953-6205(18)30412-6/rf0165
http://refhub.elsevier.com/S0953-6205(18)30412-6/rf0165
https://doi.org/10.1002/14651858.CD003793.pub2
http://refhub.elsevier.com/S0953-6205(18)30412-6/rf0175
http://refhub.elsevier.com/S0953-6205(18)30412-6/rf0175
https://www.acprc.org.uk/Data/Publication_Downloads/COPDPRClinicalAudit-Stepstobreathebetter2016.pdf?date=10/09/2018%2007:42:24
https://www.acprc.org.uk/Data/Publication_Downloads/COPDPRClinicalAudit-Stepstobreathebetter2016.pdf?date=10/09/2018%2007:42:24
https://www.acprc.org.uk/Data/Publication_Downloads/COPDPRClinicalAudit-Stepstobreathebetter2016.pdf?date=10/09/2018%2007:42:24
http://refhub.elsevier.com/S0953-6205(18)30412-6/rf0185
http://refhub.elsevier.com/S0953-6205(18)30412-6/rf0185
http://refhub.elsevier.com/S0953-6205(18)30412-6/rf0185
http://refhub.elsevier.com/S0953-6205(18)30412-6/rf0190
http://refhub.elsevier.com/S0953-6205(18)30412-6/rf0190
http://refhub.elsevier.com/S0953-6205(18)30412-6/rf0190
http://refhub.elsevier.com/S0953-6205(18)30412-6/rf0190
http://refhub.elsevier.com/S0953-6205(18)30412-6/rf0195
http://refhub.elsevier.com/S0953-6205(18)30412-6/rf0195
http://refhub.elsevier.com/S0953-6205(18)30412-6/rf0195
http://refhub.elsevier.com/S0953-6205(18)30412-6/rf0195
http://refhub.elsevier.com/S0953-6205(18)30412-6/rf0195
http://refhub.elsevier.com/S0953-6205(18)30412-6/rf0200
http://refhub.elsevier.com/S0953-6205(18)30412-6/rf0200
http://refhub.elsevier.com/S0953-6205(18)30412-6/rf0200
http://refhub.elsevier.com/S0953-6205(18)30412-6/rf0205
http://refhub.elsevier.com/S0953-6205(18)30412-6/rf0205
http://refhub.elsevier.com/S0953-6205(18)30412-6/rf0205
http://refhub.elsevier.com/S0953-6205(18)30412-6/rf0210
http://refhub.elsevier.com/S0953-6205(18)30412-6/rf0210
http://refhub.elsevier.com/S0953-6205(18)30412-6/rf0210
http://refhub.elsevier.com/S0953-6205(18)30412-6/rf0210
http://refhub.elsevier.com/S0953-6205(18)30412-6/rf0210
http://refhub.elsevier.com/S0953-6205(18)30412-6/rf0215
http://refhub.elsevier.com/S0953-6205(18)30412-6/rf0215
http://refhub.elsevier.com/S0953-6205(18)30412-6/rf0215
https://doi.org/10.1093/eurheartj/ehy417
https://doi.org/10.1093/eurheartj/ehy417
http://refhub.elsevier.com/S0953-6205(18)30412-6/rf0225
http://refhub.elsevier.com/S0953-6205(18)30412-6/rf0225
http://refhub.elsevier.com/S0953-6205(18)30412-6/rf0225
http://refhub.elsevier.com/S0953-6205(18)30412-6/rf0230
http://refhub.elsevier.com/S0953-6205(18)30412-6/rf0230
http://refhub.elsevier.com/S0953-6205(18)30412-6/rf0230
http://refhub.elsevier.com/S0953-6205(18)30412-6/rf0235
http://refhub.elsevier.com/S0953-6205(18)30412-6/rf0235
http://refhub.elsevier.com/S0953-6205(18)30412-6/rf0235
http://refhub.elsevier.com/S0953-6205(18)30412-6/rf0240
http://refhub.elsevier.com/S0953-6205(18)30412-6/rf0240
http://refhub.elsevier.com/S0953-6205(18)30412-6/rf0240
http://refhub.elsevier.com/S0953-6205(18)30412-6/rf0245
http://refhub.elsevier.com/S0953-6205(18)30412-6/rf0245
http://www.ehnheart.org
http://refhub.elsevier.com/S0953-6205(18)30412-6/rf0255
http://refhub.elsevier.com/S0953-6205(18)30412-6/rf0255
http://refhub.elsevier.com/S0953-6205(18)30412-6/rf0260
http://refhub.elsevier.com/S0953-6205(18)30412-6/rf0260
http://refhub.elsevier.com/S0953-6205(18)30412-6/rf0265
http://refhub.elsevier.com/S0953-6205(18)30412-6/rf0265
http://refhub.elsevier.com/S0953-6205(18)30412-6/rf0270
http://refhub.elsevier.com/S0953-6205(18)30412-6/rf0270
http://refhub.elsevier.com/S0953-6205(18)30412-6/rf0275
http://refhub.elsevier.com/S0953-6205(18)30412-6/rf0275
http://refhub.elsevier.com/S0953-6205(18)30412-6/rf0280
http://refhub.elsevier.com/S0953-6205(18)30412-6/rf0280
http://refhub.elsevier.com/S0953-6205(18)30412-6/rf0285
http://refhub.elsevier.com/S0953-6205(18)30412-6/rf0285
http://refhub.elsevier.com/S0953-6205(18)30412-6/rf0285
http://refhub.elsevier.com/S0953-6205(18)30412-6/rf0290
http://refhub.elsevier.com/S0953-6205(18)30412-6/rf0290
http://refhub.elsevier.com/S0953-6205(18)30412-6/rf0290
http://refhub.elsevier.com/S0953-6205(18)30412-6/rf0295
http://refhub.elsevier.com/S0953-6205(18)30412-6/rf0295
http://refhub.elsevier.com/S0953-6205(18)30412-6/rf0295
http://refhub.elsevier.com/S0953-6205(18)30412-6/rf0300
http://refhub.elsevier.com/S0953-6205(18)30412-6/rf0300
http://refhub.elsevier.com/S0953-6205(18)30412-6/rf0300
http://refhub.elsevier.com/S0953-6205(18)30412-6/rf0305
http://refhub.elsevier.com/S0953-6205(18)30412-6/rf0305
http://refhub.elsevier.com/S0953-6205(18)30412-6/rf0305
http://www.ebrsr.com/evidence-review/22-rehabilitationsevere-stroke
http://refhub.elsevier.com/S0953-6205(18)30412-6/rf0315
http://refhub.elsevier.com/S0953-6205(18)30412-6/rf0315
http://refhub.elsevier.com/S0953-6205(18)30412-6/rf0315
http://refhub.elsevier.com/S0953-6205(18)30412-6/rf0320
http://refhub.elsevier.com/S0953-6205(18)30412-6/rf0320
http://refhub.elsevier.com/S0953-6205(18)30412-6/rf0320
https://doi.org/10.1016/j.apmr.2018.06.023
https://doi.org/10.1016/j.apmr.2018.06.023
http://refhub.elsevier.com/S0953-6205(18)30412-6/rf0330
http://refhub.elsevier.com/S0953-6205(18)30412-6/rf0330
http://refhub.elsevier.com/S0953-6205(18)30412-6/rf0330
http://refhub.elsevier.com/S0953-6205(18)30412-6/rf0335
http://refhub.elsevier.com/S0953-6205(18)30412-6/rf0335
http://refhub.elsevier.com/S0953-6205(18)30412-6/rf0335
http://refhub.elsevier.com/S0953-6205(18)30412-6/rf0340
http://refhub.elsevier.com/S0953-6205(18)30412-6/rf0340
http://refhub.elsevier.com/S0953-6205(18)30412-6/rf0340
http://refhub.elsevier.com/S0953-6205(18)30412-6/rf0345
http://refhub.elsevier.com/S0953-6205(18)30412-6/rf0345
http://www.who.int/classifications/icf/en/
http://refhub.elsevier.com/S0953-6205(18)30412-6/rf0355
http://refhub.elsevier.com/S0953-6205(18)30412-6/rf0355
http://refhub.elsevier.com/S0953-6205(18)30412-6/rf0355
http://refhub.elsevier.com/S0953-6205(18)30412-6/rf0355
http://refhub.elsevier.com/S0953-6205(18)30412-6/rf0355
http://refhub.elsevier.com/S0953-6205(18)30412-6/rf0360
http://refhub.elsevier.com/S0953-6205(18)30412-6/rf0360
http://refhub.elsevier.com/S0953-6205(18)30412-6/rf0360
https://doi.org/10.23736/S1973-9087.18.04991-2
https://doi.org/10.23736/S1973-9087.18.04991-2
http://refhub.elsevier.com/S0953-6205(18)30412-6/rf0370
http://refhub.elsevier.com/S0953-6205(18)30412-6/rf0370
http://refhub.elsevier.com/S0953-6205(18)30412-6/rf0370
http://refhub.elsevier.com/S0953-6205(18)30412-6/rf0375
http://refhub.elsevier.com/S0953-6205(18)30412-6/rf0375
http://refhub.elsevier.com/S0953-6205(18)30412-6/rf0375
https://doi.org/10.1016/j.apmr.2018.06.017
https://doi.org/10.1016/j.apmr.2018.06.017
http://refhub.elsevier.com/S0953-6205(18)30412-6/rf0385
http://refhub.elsevier.com/S0953-6205(18)30412-6/rf0385
http://refhub.elsevier.com/S0953-6205(18)30412-6/rf0385
http://refhub.elsevier.com/S0953-6205(18)30412-6/rf0390
http://refhub.elsevier.com/S0953-6205(18)30412-6/rf0390
http://refhub.elsevier.com/S0953-6205(18)30412-6/rf0390
http://refhub.elsevier.com/S0953-6205(18)30412-6/rf0390
http://refhub.elsevier.com/S0953-6205(18)30412-6/rf0395
http://refhub.elsevier.com/S0953-6205(18)30412-6/rf0395
http://refhub.elsevier.com/S0953-6205(18)30412-6/rf0395
http://refhub.elsevier.com/S0953-6205(18)30412-6/rf0400
http://refhub.elsevier.com/S0953-6205(18)30412-6/rf0400
http://refhub.elsevier.com/S0953-6205(18)30412-6/rf0400
http://refhub.elsevier.com/S0953-6205(18)30412-6/rf0400
http://refhub.elsevier.com/S0953-6205(18)30412-6/rf0405
http://refhub.elsevier.com/S0953-6205(18)30412-6/rf0405
http://refhub.elsevier.com/S0953-6205(18)30412-6/rf0410


NeuroRehabilitation 2015;36:5–9.
[83] Wallace SJ, Worrall L, Rose T, Le Dorze G, Cruice M, Isaksen J, et al. Which

outcomes are most important to people with aphasia and their families? An in-
ternational nominal group technique study framed within the ICF. Disabil Rehabil
2017;39:1364–79.

[84] Xiong T, Bunning K, Horton S, Hartley S. Assessing and comparing the outcome
measures for the rehabilitation of adults with communication disorders in ran-
domised controlled trials: An International Classification of Functioning. Disabil
Health Approach Disabil Rehabil 2011;33:2272–90.

[85] Cieza A, Fayed N, Bickenbach J, Prodinger B. Refinements of the ICF Linking Rules
to strengthen their potential for establishing comparability of health information.
Disabil Rehabil 2016:1–10. https://doi.org/10.3109/09638288.2016.1145258.
[Epub ahead of print].

[86] Fayed N, Cieza A, Bickenbach JE. Linking health and health-related information to
the ICF: A systematic review of the literature from 2001 to 2008. Disabil Rehabil
2011;33:1941–51.

[87] Huber EO, Tobler A, Gloor-Juzi T, Grill E, Gubler-Gut B. The ICF as a way to
specify goals and to assess the outcome of physiotherapeutic interventions in the
acute hospital. J Rehabil Med 2011;43:174–7.

[88] https://www.icf-core-sets.org, Accessed date: 7 October 2018.
[89] Prodinger B, Reinhardt J, Selb M, Stucki G, Yan T, Zhang X, et al. Towards system-

wide implementation of the International Classification of Functioning, Disability
and Health (ICF) in routine practice: Developing simple, intuitive descriptions of
ICF categories in the ICF Generic and Rehabilitation Set. J Rehabil Med
2016;48:508–14.

[90] Maini M, Nocentini U, Prevedini A, Giardini A, Muscolo E. An Italian experience in
the ICF implementation in rehabilitation: preliminary theoretical and practical
considerations. Disabil Rehabil 2008;30:1146–52.

[91] Reinhardt JD, Zhang X, Prodinger B, Ehrmann-Bostan C, Selb M, Stucki G, et al.
Towards the system-wide implementation of the International Classification of
Functioning, Disability, and Health in routine clinical practice: Empirical findings

of a pilot study from Mainland China. J Rehabil Med 2016;48:515–21.
[92] Martinuzzi A, Carraro E, Petacchi E, Pasqualotti S, Costalunga M, Betto S.

Implementation of an ICF-based project/program in a pediatric neuro-rehabilta-
tion hospital: follow-up evaluation by stakeholders. Disabil Rehabil
2013;35:1059–64.

[93] Giardini A, Traversoni S, Garbelli C, Lodigiani A. Digitalisation and clinical care
pathways in rehabilitation medicine: a possible integration from the goal-planning
and the rehabilitation programme design to the evaluation of clinical outcomes. G
Ital Med Lav Ergon 2018;40:22–9.

[94] Stucki G, Bickenbach J. Functioning: the third health indicator in the health
system and the key indicator for rehabilitation. Eur J Phys Rehabil Med
2017;53:134–8.

[95] Hopfe M, Stucki G, Marshall R, Twomey CD, Üstün TB, Prodinger B. Capturing
patients' needs in casemix: A systematic literature review on the value of adding
functioning information in reimbursement systems. BMC Health Serv Res 2016 Feb
3;16:40. https://doi.org/10.1186/s12913-016-1277-x.

[96] Madden R, Marshall R, Race S. ICF and casemix models for healthcare funding: Use
of the WHO family of classifications to improve casemix. Disabil Rehabil
2013;35:1074–977.

[97] Selb M, Kohler F, Robinson Nicol MM, Riberto M, Stucki G, Kennedy C, et al. ICD-
11: A comprehensive picture of health, an update on the ICD-ICF joint use in-
itiative. J Rehabil Med 2015;47:2–8.

[98] Giorgi G. Chronic patient and a circular care-related prevention-treatment-re-
habilitation model. G Ital Med Lav Ergon 2018;40:6–21.

[99] Kannampallil TG, Schauer GF, Cohen T, Patel VL. Considering complexity in
healthcare systems. J Biomed Inform 2011;44:943–7.

[100] Turner P, Kushniruk A, Nohr C. Are we there yet? Human factors knowledge and
health information technology - The challenges of implementation and impact.
Yearb Med Inform 2017;26:84–91.

[101] Blijleven V, Koelemeijer K, Jaspers M. Identifying and eliminating inefficiencies in
information system usage: A lean perspective. Int J Med Inform 2017;107:40–7.

D. Scrutinio et al. European Journal of Internal Medicine xxx (xxxx) xxx–xxx

8

http://refhub.elsevier.com/S0953-6205(18)30412-6/rf0410
http://refhub.elsevier.com/S0953-6205(18)30412-6/rf0415
http://refhub.elsevier.com/S0953-6205(18)30412-6/rf0415
http://refhub.elsevier.com/S0953-6205(18)30412-6/rf0415
http://refhub.elsevier.com/S0953-6205(18)30412-6/rf0415
http://refhub.elsevier.com/S0953-6205(18)30412-6/rf0420
http://refhub.elsevier.com/S0953-6205(18)30412-6/rf0420
http://refhub.elsevier.com/S0953-6205(18)30412-6/rf0420
http://refhub.elsevier.com/S0953-6205(18)30412-6/rf0420
https://doi.org/10.3109/09638288.2016.1145258
https://doi.org/10.3109/09638288.2016.1145258
http://refhub.elsevier.com/S0953-6205(18)30412-6/rf0430
http://refhub.elsevier.com/S0953-6205(18)30412-6/rf0430
http://refhub.elsevier.com/S0953-6205(18)30412-6/rf0430
http://refhub.elsevier.com/S0953-6205(18)30412-6/rf0435
http://refhub.elsevier.com/S0953-6205(18)30412-6/rf0435
http://refhub.elsevier.com/S0953-6205(18)30412-6/rf0435
https://www.icf-core-sets.org
http://refhub.elsevier.com/S0953-6205(18)30412-6/rf0445
http://refhub.elsevier.com/S0953-6205(18)30412-6/rf0445
http://refhub.elsevier.com/S0953-6205(18)30412-6/rf0445
http://refhub.elsevier.com/S0953-6205(18)30412-6/rf0445
http://refhub.elsevier.com/S0953-6205(18)30412-6/rf0445
http://refhub.elsevier.com/S0953-6205(18)30412-6/rf0450
http://refhub.elsevier.com/S0953-6205(18)30412-6/rf0450
http://refhub.elsevier.com/S0953-6205(18)30412-6/rf0450
http://refhub.elsevier.com/S0953-6205(18)30412-6/rf0455
http://refhub.elsevier.com/S0953-6205(18)30412-6/rf0455
http://refhub.elsevier.com/S0953-6205(18)30412-6/rf0455
http://refhub.elsevier.com/S0953-6205(18)30412-6/rf0455
http://refhub.elsevier.com/S0953-6205(18)30412-6/rf0460
http://refhub.elsevier.com/S0953-6205(18)30412-6/rf0460
http://refhub.elsevier.com/S0953-6205(18)30412-6/rf0460
http://refhub.elsevier.com/S0953-6205(18)30412-6/rf0460
http://refhub.elsevier.com/S0953-6205(18)30412-6/rf0465
http://refhub.elsevier.com/S0953-6205(18)30412-6/rf0465
http://refhub.elsevier.com/S0953-6205(18)30412-6/rf0465
http://refhub.elsevier.com/S0953-6205(18)30412-6/rf0465
http://refhub.elsevier.com/S0953-6205(18)30412-6/rf0470
http://refhub.elsevier.com/S0953-6205(18)30412-6/rf0470
http://refhub.elsevier.com/S0953-6205(18)30412-6/rf0470
https://doi.org/10.1186/s12913-016-1277-x
http://refhub.elsevier.com/S0953-6205(18)30412-6/rf0480
http://refhub.elsevier.com/S0953-6205(18)30412-6/rf0480
http://refhub.elsevier.com/S0953-6205(18)30412-6/rf0480
http://refhub.elsevier.com/S0953-6205(18)30412-6/rf0485
http://refhub.elsevier.com/S0953-6205(18)30412-6/rf0485
http://refhub.elsevier.com/S0953-6205(18)30412-6/rf0485
http://refhub.elsevier.com/S0953-6205(18)30412-6/rf0490
http://refhub.elsevier.com/S0953-6205(18)30412-6/rf0490
http://refhub.elsevier.com/S0953-6205(18)30412-6/rf0495
http://refhub.elsevier.com/S0953-6205(18)30412-6/rf0495
http://refhub.elsevier.com/S0953-6205(18)30412-6/rf0500
http://refhub.elsevier.com/S0953-6205(18)30412-6/rf0500
http://refhub.elsevier.com/S0953-6205(18)30412-6/rf0500
http://refhub.elsevier.com/S0953-6205(18)30412-6/rf0505
http://refhub.elsevier.com/S0953-6205(18)30412-6/rf0505

	The new frontiers of rehabilitation medicine in people with chronic disabling illnesses
	Introduction
	Search methods
	Clinical evidence
	Pulmonary rehabilitation
	Cardiac rehabilitation
	Stroke rehabilitation

	Rehabilitation and internal medicine across the continuum of care
	The international classification of functioning, disability and health: a framework for improving functional assessment and outcomes in the rehabilitation setting

	Conclusions
	Conflict of interest
	References




