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ABSTRACT
Introduction: Cardiac rehabilitation (CR) is recommended for all cardiac patients
including patients after cardiac surgery. Since the effect of CR after cardiac surgery
has not been well established yet, we conducted a systematic review on the effects
of CR for patients after cardiac surgery compared to treatment as usual.
Evidence acquisition: A systematic review of randomized clinical trials (RCTs),
quasi-randomized and prospective observational studies in The Cochrane Library,
PubMed/MEDLINE and EMBASE was undertaken until October 18th 2017. Adults
after any kind of cardiac surgery were included. Primary outcome was all-cause
mortality, other outcomes were serious adverse events, health-related quality
of life, work participation, functioning and costs/cost-effectiveness. Risk of
bias was evaluated and the quality of evidence was assessed by the Grading of
Recommendations, Assessment, Development and Evaluation (GRADE) criteria.
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Evidence synthesis: Eighteen RCTs and 15 observational studies were included.
Low risk of bias was only observed in one observational study. Meta-analysis of
RCTs suggested no significant difference of CR compared to control on mortality
(random-effects relative risk (RR) 0.93 (95% CI: 0.40-1.81), while observational
studies suggested statistically significant beneficial effect associated with CR
(random-effects RR=0.49, 95% CI: 0.35 - 0.68). CR did not significantly affect any
of the other outcomes. Due to the limited data TSA could not be performed.
Conclusions: The body of evidence does not allow us to reach any reliable
conclusions about the effectiveness of CR following cardiac surgery. Future trials
need to be conducted with low risks of bias and clearly defined outcomes.

Cardiac rehabilitation for patients having cardiac surgery

INTRODUCTION
Over the last decades outcome of cardiac surgery has improved due to continued
advances in operative techniques, including myocardial protection, and
perioperative care (1). International guidelines recommend cardiac rehabilitation
(CR) for patients with cardiovascular disease (CVD) to improve functioning and
also to slow or reverse progression of disease by healthier lifestyle eventually to
reduce morbidity and mortality (2–7). CR is a complex intervention of one or several
components including exercise training, education, psychosocial management
and/or a behaviour-modification program (4,7,8). It is likely that CR is also
beneficial for patients after cardiac surgery although these patients have different
diseases and interventions, compared to patients with CVD. More important, it is
uncertain which component of CR is beneficial for patients having cardiac surgery
including sternotomy. Systematic reviews which have claimed benefit of CR for
patients after cardiac surgery have merged heterogeneous populations of cardiac
surgery, coronary artery disease and patients with heart failure (9–12).
One recently published systematic review evaluated exercise-based cardiac
rehabilitation specifically for patients having heart valve surgery and found
that CR may improve exercise capacity (13). Unfortunately, the effect on other
outcomes could not be evaluated due to insufficient data. No systematic review
has evaluated CR either given pre- or postoperatively in patients having cardiac
surgery in general, or has evaluated a wide range of functioning outcomes, quality
of life and economic aspects. We conducted a systematic review, with metaanalyses and trial sequential analysis to evaluate effectiveness of CR for patients
after cardiac surgery compared to medical treatment as usual. We specifically
hypothesized that the physical exercise component of CR may be beneficial in
patients having cardiac surgery including sternotomy.

EVIDENCE ACQUISITION
This systematic review was performed following recommendations of The
Cochrane Handbook for Systematic Reviews of Interventions (14) and reported
according to the Preferred Reporting Items for Systematic Reviews and Metaanalysis (PRISMA) (15,16) (Supplementary Material Table I). The protocol for
this review was registered in the international prospective register of systematic
reviews (PROSPERO) prior to conduct no. CRD42016051544 (Supplementary
Material 2 Text File 1) (17).
Eligibility criteria
We included all prospective comparative studies involving adults (18 years and
older) after cardiac surgery irrespective the underlying type of cardiovascular
disease and irrespective their age. All types of surgical procedures were included,
irrespective their timing (emergency or planned surgery). We evaluated the
intervention effect in the overall group and then in subgroups, since the major
strength of any meta-analysis is increased power and precision. Most frequently
performed procedures in cardiac surgery include coronary artery bypass grafting
(CABG), valve repair or -replacement, aortic surgery, or combinations of these.
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Comparative studies including combinations of heterogeneous patients, for
instance, patients after myocardial infarction and cardiac surgery patients, were
considered for inclusion if most participants (≥ 80%) had cardiac surgery.
We assessed the benefits and harms of exercise-based CR for patients having
cardiac surgery as we hypothesized that specifically the physical exercise
component of CR may be beneficial. We defined “exercise-based” interventions
as any kind of exercise training focusing on increasing exercise capacity, in either
a supervised or unsupervised program conducted in an inpatient, outpatient,
community, or home-based setting. The intervention was required to include
any exercise training which could either occur pre- or postoperatively. We
applied no restrictions in length, intensity, or content of the exercise training.
Co-interventions, such as psychosocial management, lifestyle, or education were
allowed. The control intervention was defined as standard medical care and followup and was allowed to include psychosocial and/or educational interventions,
but no structured exercise training. We considered all randomized clinical trials
for inclusion irrespective blinding, publication status, sample size or language.
We also included quasi-randomized and prospective observational comparative
studies but risk of bias and results were evaluated separately.
Search strategy
The search strategy was completed by a librarian and checked by a second
librarian. Searched databases included The Cochrane Library, PubMed/MEDLINE
and EMBASE until 18th October 2017. We also searched references of the
identified studies to identify any further relevant trials, i.e. backward snowballing.
The detailed search strategies are listed in the supporting information files
(Supplementary Material 3, Text File 2).
Study selection and data extraction
Two authors (FB and WD) independently selected randomized trials and
observational studies for inclusion. Clearly irrelevant hits were excluded based on
title and abstract, and remaining hits were evaluated based on full text. Differences
in opinion were resolved through discussion and studies excluded based on full
text were all listed with reasons for exclusion. We contacted corresponding authors
for any unclear or missing information. The following data was extracted: study
characteristics (lead author, publication year, study design, risks of bias, numbers
of patients enrolled), participant characteristics (baseline characteristics, type of
surgery), intervention characteristics (sequence, timing, modalities, and intensity)
and outcomes.
Outcome measures
The primary outcome was all-cause mortality at maximum follow-up. Secondary
outcomes were serious adverse events (SAEs), health-related quality of life (HRQoL),
work participation, functioning, and costs/cost-effectiveness. The outcomes are
defined in the review protocol (17). In addition, measures to evaluate functioning
were considered from a patient perspective in terms of the ability to perform daily
activities.
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Risk of bias assessment
Risk of bias assessment was performed by two reviewers independently using the
Cochrane’s Collaboration’s risk of bias tool for Randomized Clinical Trials (RCTs)
(14). The following risk of bias domains were assessed for each trial: random
sequence generation, allocation concealment, blinding of participants and
personnel, blinding of outcome assessors, incomplete outcome data, selective
outcome reporting, and other bias (academic or funding bias, low inclusion rate).
Trials with one or more of the risk of bias domains scored as unclear or high risk
were classified as having high overall risk of bias. Risk of bias of observational
studies were assessed using the Risk Of Bias In Non-randomized Studies - of
Interventions (ROBINS-I) tool (18). This tool can be used for quantitative nonrandomized studies estimating the effectiveness of an intervention. The six
domains include: confounding, participant selection, intervention classification,
departure from intended interventions, missing data, measurement of outcomes,
and selection of reported results (19). For each domain, an outcome of low or
moderate risk of bias (summarized as low risk of bias), serious or critical risk of
bias (summarized as high risk of bias) and no information for risk of bias was
assessed. Observational studies were classified as having low overall risk of bias if
all the domains were assessed as low risk.
Statistical analysis
We performed the meta-analyses according to The Cochrane Handbook for
Systematic Reviews of Interventions (14) and The Cochrane Hepato-Biliary Group
Module (20). We used the software package Review Manager v. 5.3.5 for metaanalyses (21). For Trials Sequential Analysis, the TSA program v. 0.9 beta was
used (22).Dichotomous outcomes were presented in relative risks (RR) with TSAadjusted confidence intervals (CI) and continuous outcomes in mean differences
(MD) or weighted mean differences (WMD) with TSA-adjusted CI, provided there
were two or more trials for an outcome. For rare events (<5% in the control group)
we calculated odds ratio’s (OR) and for very rare events (<2% in the control group)
we used Peto’s OR (14). We used a fixed-effect model (23) and a random-effects
model (24) and presented both models in case of discrepancy. Considering the
anticipated clinical heterogeneity (in populations, interventions and settings)
we emphasized the result from the random-effects model providing the most
conservative estimate of effect and/or confidence interval except in the presence
of one or few large trials. Heterogeneity was explored by the chi-squared test
with significance set at p-value of 0.10, and the quantity of heterogeneity was
measured by I2 (25).
The following subgroup analysis were pre-planned (1) bias risk (low risk of bias
trials compared to high risk of bias trials); (2) sequence of the rehabilitation
intervention (pre-surgery rehabilitation versus post-surgery rehabilitation);
(3) types of patients (patients having CABG compared to other cardiac surgery
patients). Funnel plots were used to explore small trial bias provided data from
more than ten randomized trials were available (14).
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Trial Sequential Analysis
Meta-analyses may result in type-I errors due to an increased risk of random
error when few data are collected and due to repeated significance testing when
a cumulative meta-analysis is updated with new trials (26–30). We applied TSA
since it controls the risks of type I and type II errors in a cumulative meta-analysis
and may provide important information on how many more patients need to be
included in further trials. The idea in TSA is that if the cumulative Z-curve crosses
the trial sequential monitoring boundary for benefit or harm, a sufficient level of
evidence has been reached and no further trials may be needed. If the Z-curve
does not cross the boundaries for benefit, harm or futility and the required
information size has not been reached, there is insufficient evidence to reach a
conclusion (22,23,25).
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GRADE approach
We used GRADE to assess the quality of the body of evidence associated with each
of the major outcomes in our systematic review using GRADE software (31). The
GRADE approach appraises the quality of a body of evidence based on the extent
to which one can be confident that an estimate of effect or association reflects the
item being assessed. The quality measure of a body of evidence considers within
study risk of bias, indirectness of evidence, heterogeneity of data, imprecision of
effect estimates and risk of publication bias.

EVIDENCE SYNTHESIS
The search strategy identified 9108 hits (Figure 1). Three additional hits were
identified by backward snowballing. After removal of duplicates and clearly
irrelevant hits based on title and abstract 139 hits remained. A total of 99 hits
were excluded based on full text evaluation. All excluded studies with reason
for exclusion are listed in the supporting information (Supplementary Material 4
Table II). A total of 40 papers, reporting 33 studies (18 RCTs and 15 observational
studies) were included in this systematic review. Six papers reported results of one
randomized trial (32–37), two papers reported results of another randomized trial
(38,39) and two referred to one observational study (40,41). The authors of three
studies were contacted for missing data, of which two responded (42,43).
Characteristics of the included studies
Eighteen randomized trials (33,38,44–59) and fifteen observational studies
(40,42,43,60–71) evaluated 3654 patients (Table I, II). One trial used a four-arm
parallel group design (48) and three studies, one RCT (59) and two observational
studies (63,69) used a three-arm parallel group design; all others had a two-arm
group design. Twenty-five studies (fifteen RCT’s and ten observational studies)
included only CABG patients, one study included patients with type-A aortic
dissection (62), three RCT’s included patients with valve repair/replacement
(38,49,56) and four observational studies included patients with combined
procedures (43,63,65,70). All interventions included a postoperative exercise
component, with intensity varying from 20-30 minutes daily to three times a
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Figure 1. PRISMA flow diagram. *Study design: control group received CR with a physical exercise
element. Population: combined population of cardiac and cardiac surgery patients with <80% surgical
patients. Intervention: no postoperative exercise training.

week for up to six months. Five studies also used preoperative exercise training
during several weeks prior to surgery (47,49,51,57,64). Occasionally, preoperative
exercise training was combined with a psychological intervention for patients and
relatives (49,51).
Bias risk assessment
Bias risk assessment was performed for eighteen RCT’s (14). Low risk of bias
was observed regarding sequence generation in eight trials (44%), allocation
concealment in five trials (28%), blinding of participants and personnel in none,
blinding of outcome assessors in four trials (22%), incomplete outcome data in ten
trials (56%), selective reporting in 15 trials (83%), and other risk of bias in seven
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50

2016

2004

1997
2012

1995

2000

2015

2012

2016

1987

2009

2005

2006

Højskov (48)

Lin (49)

Maiorana (50)
Mutwalli (51)

Oldenburg (52)

Ross (53)

Salavati (54)

Sharif (55)

Sibilitz (38)
Hansen (72)
Sire (56)

Stein (57)

Tsai (58)

Wu (59)

CABG

CABG

CABG

valve

valve

CABG

CABG

CABG

CABG

CABG
CABG

valve

CABG

CABG

CABG

CABG

CABG

Type of
surgery
CABG

physical: 1) center or
2) home-based

physical(center)

physical(hospital)

1) physical or
2) psycho-ed or
3) physical + psycho-ed
(hospital + home)
physical
psycho-educational
(center + home)
physical(center)
physical
psycho-educational
(hospital + home)
physical(center)
psycho-educational
physical(hospital)
psycho-educational
physical
(center +home)
physical(center)
psycho-educational
physical
psycho-educational
physical + vocational
(center + home)

physical(center)

physical(center)

physical(center)
psycho-educational

physical(center)

Intervention/
type of CR-program
physical(hospital)

1

1 day pre + 1 week post
(ph I)
1

8

4

1

≥8

6

4-8

pre- and post-op
(ph I) +
home-based CR
≥ 12
2 days pre + 1 week post
(ph I) + home-based

day 1
(ph I)

5 days pre + 5 days post (ph I)

4

8

12

Start of intervention
(weeks after surgery)
6

12

12

6

4

12

4

5

10

6

10
24

13

4

2

16

3

6

Duration
(weeks)
12

1) and 2) 1-3h/week
aerobic training

2h/week fitness
2h/week education
3h/week exercise
monthly (5 times)
3-4 h daily aerobic
vocational evaluation at
control
resp training + daily
exercises + walks
40 min 3x/week aerobic

4h/week + home-based

Resp.training + aerobics
twice daily (ph I). Daily
walks + home-exercise
psycho-ed: 4 consultations
resp training (pre-op) +
aerobics 30 min during
3x/week
3h/week circuit training
30 min daily (ph I + at
home). Psycho-ed: 2 h +
phone contact
18h/week education or
exercise
2h/week aerobic

several hrs daily

3h/week exercise

7h/week exercise. Psychoed: 2+2 days pre-op + at 8
months

3h/week cycling

3h/week cycling

Frequency

3

3

1

12

6

3

5

4

12

3
6

3

1

0.5

4

60

1.5

Max. follow-up
(months)
12

no exercise program

no CR

no physical intervention

no intervention

no exercise program

medical follow-up

care as usual

standard medical care

standard care

medical follow-up
standard medical care

routine treatment

standard postoperative
instructions

no physical therapy

standard medical care

standard care

no physical exercise

care as usual

Comparator *

functioning

mortality, SAE
functioning
functioning

SAE, HRQoL(SF-36)
functioning
SAE, functioning
work participation

functioning

mortality
SAE
HRQoL(SF-36)
functioning
mortality
SAE
functioning
SAE, functioning
mortality
HRQoL(SF-36)
functioning
HRQoL(GHQ)
functioning
HRQoL (GHQ)
functioning
HRQoL(Mac New)

SAE, functioning

mortality, HRQoL
(Nottingham), work
participation,
functioning
HRQoL(SF-36)

SAE, functioning

functioning

Outcomes

Physical training can be hospital-based, rehabilitation center-based or home-based. CR: cardiac rehabilitation; valve: all kinds of valve repair- or replacements; resp. training: respiratory training;, SAE:
‡
serious adverse events; HRQoL: Health Related Quality of life; ph I: phase I rehabilitation. *Comparator defined as stated by the authors. One randomized trial reported in six papers.

54

30

20

80

110

190

91

31
49

104

60

56

2008

70

2014

Herdy (47)

228

100

Patients
(n)
37

Firouzabadi (46)

1992 1997

2013

Bilińska (45)

‡

1989

Engblom
(32–37)

Year

20

Ågren (44)

2

Trial

Table I. Characteristics of included randomized trials
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1986

2004

1993

2017

2015

2015

Ben-Ari (60)

Dolansky (42)

Dubach (61)

Fuglsang (62)

Goel (43)

Hansen (63)

60

2002

2009
2010

1986

2001

1996

2000

2011

Nehyba (65)
Shabani (66)

Sieber (67)

Simchen (68)

Wosornu (69)

Yuen Yee (70)

Zoroufian (71)

valve/ CABG/
VSD
CABG

CABG

CABG

CABG

valve ± CABG
CABG

CABG

CABG

valve ± CABG

valve + CABG

Type-A aortic
dissection

CABG

CABG

CABG

Type of
surgery

6-12

psycho-educational
physical(center)
psycho-educational
physical 2 types:
1) aerobic
2) strength
physical
psycho-educational
physical (center) +
psycho-educational

physical(center)

physical(center)
physical(hospital)

physical
(hospital)

physical+ psycho-ed
(hospital)
physical + psychoeducational: hospital
CR or municipality CR
physical + psycho-ed
(hospital + home)

psycho-educational

6

unclear

unclear

6

1-6

6

1-2 weeks pre +
1-2 weeks post
(ph I)
4-8
≤8

6

4-6

4-6

6

psycho-educational
physical (hospital)

Start of
intervention
(weeks after
surgery)
≥ 12

physical
(hospital)
physical
(hospital)
physical(center)

Intervention/
type of CR-program

care as usual
no CR

regular medical care
no exercise program
usual care
no CR
no CR

120
12
120
1
2
4-5
60
12

exercise-training
twice/week
2h/week dynamic interval
training
walking + participating in
activities daily living

2-24

8

8

24

12-24

4

8
12

2

12

12

2x/week exercise +
education
3h/week exercise
during first week

3x/week 12-40min aerobic
or strength training

3h/week aerobic
3h/week endurance+
resistance training
daily walks +
aerobic/swimming
regular group meetings
unclear

no CR

3

12

no exercise
no CR
care as usual

6
2
2

no physical training
program

care as usual

2

4

no exercise program

6

3h/week cycling or
treadmill
3h/day walks,
calisthenics/fitness
Education + diet
3h/week fitness+ muscle
strength
education+ psycho-social
support
1–3h/week exercise

usual medical care

60

cycling twice/week

unclear

Comparator*

Max follow-up
(months)

12

Frequency

Total
duration
(weeks)

functioning

functioning

mortality
work participation
functioning
HRQoL(SF-36)
work participation
functioning

functioning
functioning

functioning

mortality
functioning

mortality
SAE
work participation
cost-effectiveness

HRQoL(SF-36)
functioning

work participation
functioning
SAE, HRQoL(SF-36)
functioning
functioning

Outcomes

Physical training can be hospital-based, rehabilitation center-based or home-based. CR: cardiac rehabilitation; valve: all kinds of valve repair- or replacements; VSD: ventricular septal defect repair;
‡
resp. training: respiratory training; SAE: serious adverse events; HRQoL: health-related quality of life; ph I: phase I rehabilitation. * Comparator defined as stated by the author. One observational
study reported in two papers.

67

152

81

372

211

72
60

147

1990 2001

500

201

29

34

65

96

Patients
(n)

Hedbäck
(40,41)
Ku (64)

‡

Year

Study

Table II. Characteristics of included observational studies
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trials (39%). All trials were considered to have high overall risk of bias (Figure 2A).
Risk of bias assessment using the ROBINS-I tool was performed for fifteen nonrandomized studies (19). Low risk of bias was observed regarding confounding
factors in two studies (13%), selection of participants in four studies (27%),
classification of interventions in twelve studies (80%), deviations from intended
interventions in eleven studies (73%), missing data in seven studies (47%),
measurement of outcomes in five studies (33%), and selection of reported results
in eleven studies (7%). One observational study was classified as having low overall
risk of bias (63) (Figure 2B).
Outcomes
Mortality
Six RCT’s (37,48,49,51,56,57) and four observational studies (43,48,67,69)
reported all-cause mortality with a maximum follow-up of ten years. Time-specific
analyses and subgroup analyses per types of patients showed similar results
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Figure 2A. Risk of bias of randomized clinical trials. *One randomized trial was reported in six papers
(32-37). ^One randomized trial was reported in two papers (38, 72).
Figure 2B. Risk of bias of observational studies. *One observational study was reported in two papers
(40,41).
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(Supplementary Material 5, Figure 1 and 2). One trial reported three deaths but
not the allocation group (52). Six randomized trials and four observational studies
reported mortality data of 510 and 640 patients, respectively. TSA could not be
performed due to a limited amount of data (Supplementary Material 6, Figure
3). No low risk of bias trials reported mortality as outcome. Conventional metaanalysis of high risk of bias randomized trials suggested no statistically significant
difference in mortality between exercise-based CR and usual care (random-effects
RR=0.93; 95% CI: 0.48 - 1.81), while conventional meta-analysis of high risk of
bias observational studies suggest a statistically significant beneficial mortality
effect associated with exercise-based CR compared to usual care (random-effects
RR=0.49; 95% CI: 0.35 – 0.68; Figure 3). Other subgroup analyses could not be
conducted due to insufficient data.
Serious adverse events
Eight randomized trials (38,45,47–50,56,57) and four observational studies
(42,43,66,69) reported serious adverse events data of 566 and 407 patients,
respectively. TSA could not be conducted due to insufficient data (Supplementary
Material 7, Figure 4). Conventional meta-analysis of both high risk of bias
randomized trials and high risk of bias observational studies suggested no

2
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Figure 3. Forest plot of all-cause mortality at maximum follow-up. Randomized trials and observational
studies: exercise based CR versus usual care. Size of squares for risk ratio (RR) reflects the weight of the
trial in the pooled analyses. Horizontal bars represent 95% confidence intervals (CI).
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Figure 4. Forest plot of serious adverse events. Randomized trials and observational studies: exercise
based CR versus usual care. Size of squares for risk ratio (RR) reflects the weight of the trial in the
pooled analyses. Horizontal bars represent 95% confidence intervals (CI).

statistically significant difference in SAEs between exercise-based CR and usual
care (random-effects RR=0.69, 95% CI: 0.26 – 1.83 and RR=1.51, 95% CI: 0.82 –
2.80, respectively; Figure 4). Subgroup analyses per types of patients showed
similar results (Supplementary Material 8, Figure 5), other subgroup analyses
could not be performed due to the limited amount of data.
Health-related Quality of life
Eight randomized trials (37,38,46,48,51–54) and three observational studies
(42,62,68) reported health-related quality of life data of 945 and 498 patients,
respectively. One study (32) used a self-made questionnaire and the Nottingham
Health Profile at five years follow-up (37). Other studies used validated
questionnaires of HRQoL, including one disease-specific instrument, the MacNew
Heart Disease questionnaire (54) and two generic HRQoL instruments, the General
Health Questionnaire (52,53) and the Short-Form 36 (38,42,46,48,51,62,68). The
seven studies that assessed HRQoL with the SF-36 used different scales as well as
a wide range in follow-up. Meta-analysis of data was deemed inappropriate given
the heterogeneity in measures and reporting (Supplementary Material 9, Table
III).

Cardiac rehabilitation for patients having cardiac surgery

Work Participation
Two randomized trials (35,56) and three observational studies (60,67,68) reported
return to work of 168 and 559 patients, respectively. Individually, all studies
suggest that CR improves return to work. All studies reported one-year follow-up
(35,56,60,68) while one study reported 3.7 years follow-up (67). TSA could not
be conducted due to insufficient data. Conventional meta-analysis of both high
risk of bias trials and high risk observational studies suggested a quicker return to
work associated with exercise-based CR compared to usual care (random-effects
RR=0.69, 95% CI: 0.50 – 0.95 and RR=0.58, 95% CI 0.46 – 0.73, respectively; Figure
5). Subgroup analyses per types of patients showed similar results (Supplementary
Material 10, Figure 6). Two observational studies (56,63) reported sick leave data
both before and after surgery and observed no significant differences between CR
and usual care.
Functioning
We found a wide variety of measurements which could all be interpreted as
functioning (Supplementary Material 11, Table IV). All these functioning measures
can be classified in three domains:
• exercise capacity, e.g. peak oxygen consumption (VO²), walking distance,
workload expressed in metabolic equivalents (METs) or kilojoules (kJ);
• modifiable risk factors, e.g. blood pressure, heart rate, rate pressure product
(RPP), blood lipids, smoking behaviour and weight;
• mental well-being, e.g. self-esteem or anxiety and depression assessed by
questionnaires such as the Hospital Anxiety and Depression Questionnaire
(HADS), Beck’s Depression Inventory (BDI) or the State-Trait Anxiety Inventory
(STAI).
Pooling of data in all three domains was considered inappropriate given the
heterogeneity in types and methods of measurements as well as follow-up.
Costs and cost-effectiveness
One RCT (72) including 147 patients reported cost-effectiveness from a societal
perspective and reported that CR after heart valve surgery is likely to be costeffective. One observational study (63) including 500 patients reported costs and
cost-effectiveness and concluded that cardiac rehabilitation is cost-neutral from a
healthcare perspective. Meta-analysis was not performed due to insufficient data.
GRADE approach
The quality of evidence was assessed using GRADE (31). The quality of evidence
was graded either low (work participation) or very low (mortality and severe
adverse events), mainly due to risks of bias, inconsistency and imprecision (Table
III). HRQoL, functioning, and cost(-effectiveness) could not be graded due to
insufficient data for pooling.
Limitations of the study
This review has some limitations. First, CR varied in length, dose and intensity
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Figure 5. Forest plot of work participation. Randomized trials and observational studies: exercise
based CR versus usual care. Events represent numbers of patients who return to work. Size of squares
for risk ratio (RR) reflects the weight of the trial in the pooled analyses. Horizontal bars represent 95%
confidence intervals (CI).
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which means that we merged inpatient CR and early post-discharge programs
in this review. Also, CR programs in older studies varied from the modern CR
programs evaluated in more recent studies. However, systematic evaluation of
an intervention requires inclusion of all possibly relevant studies. Second, like any
systematic review this review is limited by the quality of the studies included,
and all except one study had high risk of bias. High risk of bias is associated with
overestimation of benefit and underestimation of harms (72). Randomized trials
may lack external validity due to selection criteria, while observational studies
suffer selection bias. For the evaluation of harms and benefits we decided to
include both designs as suggested by the Cochrane handbook for systematic
reviews of interventions (14). Nevertheless, even with the inclusion of both study
designs our question remains unanswered.

CONCLUSIONS
We conducted a systematic review to evaluate the benefits and harms of CR
for patients having cardiac surgery. Eighteen RCTs and fifteen comparative
observational studies with 3654 patients have been conducted, all except one
with overall high risk of bias. The results do not allow us to reach any reliable
conclusions about the effectiveness, or lack thereof, of cardiac rehabilitation
following cardiac surgery. The pre-planned subgroup analyses concerning bias risk

Study
design

Risk of bias

Inconsistency Indirectness

randomized seriousᵃ
trials

seriousᵇ

not seriousᶜ

randomized seriousᵃ
trials

seriousᵇ

not seriousᶜ

randomized seriousᵃ
trials

seriousᵇ

not seriousᶜ

very
seriousᵈ

very
seriousᵈ

very
seriousᵈ

Imprecision

strong association
all plausible residual
confounding would
reduce the
demonstrated effect

all plausible residual
confounding would
suggest spurious
effect, while no
effect was observed

all plausible residual
confounding would
reduce the
demonstrated effect

Other
considerations
care as usual

14/245 (5.7%)

26/283 (9.2%)

37/81
(45.7%)ᵉ

cardiac
rehabilitation

16/265 (6.0%)

15/283 (5.3%)

54/87
(62.1%)ᵉ

№ of patients
Absolute
(95% CI)

1 fewer
per 1,000
(from 29
fewer to
52 more)

19 fewer
per 1,000
(from 68
fewer to
125 more)

142 fewer
per 1,000
(from 23
fewer to
228
fewer)

Relative
(95% CI)

RR 0.98
(0.50 to 1.91)

RR 0.79
(0.26 to 2.36)

RR 0.69
(0.50 to 0.95)

Effect

⨁⨁◯◯
LOW

⨁◯◯◯
VERY LOW

⨁◯◯◯
VERY LOW

Quality

IMPORTANT

CRITICAL

CRITICAL

Importance

CR: cardiac rehabilitation. ᵃNo trial with low risk of bias in all domains . ᵇ There was considerable clinical and statistical heterogeneity. ᶜ Comparator exercise-based CR versus usual care in all
trials.ᵈ Many trials with few patients and few events; less than 5% of DARIS accrued. ᵉEvents here represent patients returning to work; low quality, TSA not possible.

Cost-effectiveness - not reported

Functioning - not reported

Health-related Quality of Life - not reported

2

Work participation (follow up: range 1 months to 12 months)

8

serious adverse events (follow up: range 1 weeks to 8 months)

6

Mortality at maximal follow-up (follow up: range 1 months to 10 years)

№ of
studies

Quality assessment

Table III. GRADEpro summary of findings table of the outcomes of interest
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of trials, sequence of the rehabilitation intervention and types of patients/surgical
procedure could not be performed as planned due to insufficient data.
We graded the outcomes of this systematic review following GRADE
recommendations. Data on outcomes considered critical for decision making
were sparse. Ten studies reported mortality and twelve studies reported SAEs, but
such events were often described as reasons for dropouts and withdrawals. Work
participation (four studies) and cost-effectiveness (two studies) were sparsely
evaluated. All outcomes were primarily studied within short term follow-up
missing potential beneficial effects on the longer term. As recommended in other
reviews concerning CR (9–11,13), future studies need to consider outcomes at
long term follow-up, including work participation and health economic outcomes.
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One major important outcome for patients after cardiac surgery is functional
recovery in terms of the ability to perform daily activities. This outcome is
increasingly important to address, since numbers of elderly patients having cardiac
surgery are growing. Data on such outcomes are key important for consenting
to surgery and for authorities when allocating resources. Validated tools for
assessment of functional status are the Karnofsky Performance Scale, the Barthel
Index, or the Katz Index of Independence in Activities of Daily Living. None of the
included studies evaluated functional status with one of these tools before and
after surgery. The findings of our review are in line with two other reviews (73,74)
which concluded that functional status is insufficiently studied in cardiac surgery
patients.
Most included studies in this review evaluated physical capacity and modifiable
risk factors. The established beneficial effect of CR in patients with cardiovascular
disease (CVD) is considered partly attributable to modified risk factors.
Modification of risk factors might be less clinically relevant in patients having
cardiac surgery either because these risk factors have already been modified
or the effect of modification does not translate (anymore) into benefits in daily
activities in the older aged. Functional status is specifically important for elderly
patients to maintain their independency.
It is likely that exercise-based CR will improve outcome in terms of functioning
when properly measured in patients having cardiac surgery. However, the included
studies in this review measured functioning by a wide variety of instruments.
The Core Outcome Measures in Effectiveness Trials (COMET) initiative (75) has
been launched to agree on a standard minimum set of clearly defined outcomes
for specific conditions and interventions to facilitate exchange of information.
Authorities and caregivers responsible for implementation of complex
interventions such as CR would benefit from such a set of outcomes and especially
the outcome ‘functioning’ needs clear definitions (76–78). In this review, seven
studies used the SF-36 questionnaire for evaluation of health-related quality of
life. This instrument might be one of the standards.

Cardiac rehabilitation for patients having cardiac surgery

The current body of evidence does not allow us to reach any firm conclusion
on exercise-based CR in patients having cardiac surgery. Future studies need to
be well designed with overall low risk of bias including a wide range of clearly
defined outcomes, which need to be developed and consented upon by relevant
stakeholders following COMET.
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