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A B S T R A C T

Background

The impact of exercise-based cardiac rehabilitation (CR) following heart valve surgery is uncertain. We conducted an update of this
systematic review and a meta-analysis to assess randomised controlled trial evidence for the use of exercise-based CR following heart
valve surgery.

Objectives

To assess the benefits and harms of exercise-based CR compared with no exercise training in adults following heart valve surgery or
repair, including both percutaneous and surgical procedures. We considered CR programmes consisting of exercise training with or without
another intervention (such as an intervention with a psycho-educational component).

Search methods

We searched the Cochrane Central Register of Clinical Trials (CENTRAL), in the Cochrane Library; MEDLINE (Ovid); Embase  (Ovid); the
Cumulative Index to Nursing and Allied Health Literature (CINAHL; EBSCO); PsycINFO (Ovid); Latin American Caribbean Health Sciences
Literature  (LILACS; Bireme);  and Conference Proceedings Citation Index-Science (CPCI-S) on the Web of Science (Clarivate Analytics)
on  10  January 2020. We searched for ongoing trials from ClinicalTrials.gov, Clinical-trials.com, and the World Health Organization
International Clinical Trials Registry Platform on 15 May 2020.

Selection criteria

We included randomised controlled trials that compared exercise-based CR interventions with no exercise training. Trial participants
comprised adults aged 18 years or older who had undergone heart valve surgery for heart valve disease (from any cause) and had received
heart valve replacement or heart valve repair. Both percutaneous and surgical procedures were included.
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Data collection and analysis

Two review authors independently extracted data. We assessed the risk of systematic errors (‘bias’) by evaluating risk domains using
the 'Risk of bias' (RoB2) tool. We assessed clinical and statistical heterogeneity. We performed meta-analyses using both fixed-eNect and
random-eNects models. We used the GRADE approach to assess the quality of evidence for primary outcomes (all-cause mortality, all-
cause hospitalisation, and health-related quality of life).

Main results

We included six trials with a total of 364 participants who have had open or percutaneous heart valve surgery. For this updated review,
we identified four additional trials (216 participants). One trial had an overall low risk of bias, and we classified the remaining five trials
as having some concerns.

Follow-up ranged across included trials from 3 to 24 months. Based on data at longest follow-up, a total of nine participants died: 4 CR
versus 5 control (relative risk (RR) 0.83, 95% confidence interval (CI) 0.26 to 2.68; 2 trials, 131 participants; GRADE quality of evidence very
low). No trials reported on cardiovascular mortality. One trial reported one cardiac-related hospitalisation in the CR group and none in the
control group (RR 2.72, 95% CI 0.11 to 65.56; 1 trial, 122 participants; GRADE quality of evidence very low). We are uncertain about health-
related quality of life at completion of the intervention in CR compared to control (Short Form (SF)-12/36 mental component: mean
diNerence (MD) 1.28, 95% CI -1.60 to 4.16; 2 trials, 150 participants; GRADE quality of evidence very low; and SF-12/36 physical component:
MD 2.99, 95% CI -5.24 to 11.21; 2 trials, 150 participants; GRADE quality of evidence very low), or at longest follow-up (SF-12/36 mental
component: MD -1.45, 95% CI -4.70 to 1.80; 2 trials, 139 participants; GRADE quality of evidence very low; and SF-12/36 physical component:
MD -0.87, 95% CI -3.57 to 1.83; 2 trials, 139 participants; GRADE quality of evidence very low).

Authors' conclusions

Due to lack of evidence and the very low quality of available evidence, this updated review is uncertain about the impact of exercise-CR
in this population in terms of mortality, hospitalisation, and health-related quality of life. High-quality (low risk of bias) evidence on the
impact of CR is needed to inform clinical guidelines and routine practice.

P L A I N   L A N G U A G E   S U M M A R Y

Exercise-based cardiac rehabilitation for adults a�er heart valve surgery

Background

Cardiac rehabilitation (CR) that includes exercise training has been recommended as treatment for people a)er heart valve surgery.
However, the strength of this evidence is uncertain. This updated review aimed to assess the benefits and harms of exercise-based CR for
adults who have undergone heart valve surgery or repair. All types of heart valve surgery were included.

Trial characteristics

We searched for studies examining the eNects of exercise-based CR compared with no exercise ('control') a)er heart valve surgery for adults
(18 years or older) with heart valve disease (from any cause). The evidence is current to 10 January 2020.

Key results

We found six trials with a total of 364 participants. In this update, we added four new trials (216 participants) to those included in the
previously published review. We are uncertain about the eNects of exercise-based CR compared to control on the outcomes of all-cause
mortality, health-related quality of life, and all-cause hospitalisation.

Quality of the evidence

Results from this Review should be interpreted with caution because of some concerns about risk of bias (potential for systematic error)
in five out of six trials. Only one trial had low risk of bias. Additional high-quality randomised controlled trials are needed to fully assess
the eNects of exercise-based CR interventions.
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S U M M A R Y   O F   F I N D I N G S

 

Summary of findings 1.   Exercise compared to no exercise for adults a�er heart valve surgery

Exercise compared to no exercise for adults after heart valve surgery

Patient or population: adults after heart valve surgery
Setting: hospital- and home-based
Intervention: exercise
Comparison: no exercise

Anticipated absolute effects* (95% CI)Outcomes

Risk with no exercise Risk with exercise

Relative effect
(95% CI)

№. of partici-
pants
(studies)

Certainty of
the evidence
(GRADE)

Comments

Study populationAll-cause mortality

Follow-up range: 3 to 24 months 79 per 1000 66 per 1000
(21 to 213)

RR 0.83
(0.26 to 2.68)

131
(2 RCTs)

⊕⊝⊝⊝  VERY

LOWa,b,c 

 

Cardiovascular mortality No study reported this outcome        

Study populationAll-cause hospitalisation

Follow-up: 6 months 0 per 1000 0 per 1000
(0 to 0)

RR 2.72
(0.11 to 65.56)

122
(1 RCT)

⊕⊝⊝⊝ VERY

LOWb,c,d 

There were 0
events in the
control group

HRQoL (SF-12/36 mental compo-
nent) at end of intervention

Follow-up range: 2 to 3 months

Mean HRQoL range (mental
component) at end of inter-
vention was 51.3 to 53.9

MD 1.28 higher
(1.60 lower to 4.16
higher)

- 150
(2 RCTs)

⊕⊝⊝⊝ VERY

LOWb,c,d 

 

HRQoL (SF-12/36 physical compo-
nent) at end of intervention

Follow-up range: 2 to 3 months

Mean HRQoL range (physical
component) at end of inter-
vention was 38 to 51

MD 2.99 higher
(5.24 lower to 11.21
higher)

- 150
(2 RCTs)

⊕⊝⊝⊝

VERY LOWb,c,d,e

 

HRQoL (SF-12/36 mental compo-
nent) at maximum follow-up

Follow-up range: 3 to 24 months

Mean HRQoL range (mental
component) at maximum fol-
low-up was 54.9 to 55.1

MD 1.45 lower
(4.70 lower to 1.80
higher)

- 139
(2 RCTs)

⊕⊝⊝⊝ VERY

LOWb,c,d

 

HRQoL (SF-12/36 physical compo-
nent) at maximum follow-up

Mean HRQoL range (physical
component) at maximum fol-
low-up was 36.9 to 52.2

MD 0.87 lower
(3.57 lower to 1.83
higher)

- 139
(2 RCTs)

⊕⊝⊝⊝ VERY

LOWb,c,d
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Follow-up range: 3 to 24 months

*The risk in the intervention group (and its 95% confidence interval) is based on the assumed risk in the comparison group and the relative effect of the intervention (and
its 95% CI).
CI: confidence interval; HRQoL: health-related quality of life; MD: mean difference; RCT: randomised controlled trial; RR: risk ratio; SMD: standardised mean difference.

GRADE Working Group grades of evidence.
High certainty: we are very confident that the true effect lies close to that of the estimate of the effect.
Moderate certainty: we are moderately confident in the effect estimate: the true effect is likely to be close to the estimate of the effect, but there is a possibility that it is
substantially different.
Low certainty: our confidence in the effect estimate is limited: the true effect may be substantially different from the estimate of the effect.
Very low certainty: we have very little confidence in the effect estimate: the true effect is likely to be substantially different from the estimate of effect.

aAt least one trial has some concerns for overall risk of bias. Downgraded by one level for risk of bias.
bSmall sample size/number of events and optimal information size (OIS) criterion not reached, or OIS criterion reached but 95% CI includes RR/MD/SMD of 1/0. Downgraded by
one level for inconsistency.
cConfidence interval includes possible benefit or harm (i.e. eNect crosses RR of 0). Downgraded by one level for imprecision.
dAll trials providing data for this outcome have an overall risk of bias judged as 'high'. Downgraded by one level for risk of bias.
eSubstantial I2 (between 50% and 90%). Downgraded by one level for imprecision.
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B A C K G R O U N D

Description of the condition

Heart valve disease accounts for one-third of all heart disease and
is increasing in prevalence due to an ageing population, population
growth, and advances in treatment methods. Heart valve disease is
mostly degenerative in nature (Nkomo 2006), and it is highly
prevalent in developing countries due to rheumatic heart disease
(Iung 2003; Nkomo 2006; Sibilitz 2015a; Supino 2006; Yagdir 2020).

Heart valve disease can be le)-sided (aortic and mitral valve
diseases), right-sided (tricuspid and pulmonary valves), or, in rare
cases, a combination of both. The cause may be congenital,
degenerative, or calcific, and  physiological consequences may
include valve insuNiciency, valve stenosis, or both (Baumgartner
2017; Nkomo 2006). Heart valve disease is o)en asymptomatic
at first. When it becomes symptomatic, the clinical presentation
includes dyspnoea (diNiculty breathing), fatigue, fluid retention,
and decreased physical capacity. Symptomatic heart valve
disease is associated with increased risks of  mortality and
morbidity, and it negatively impacts health-related quality of
life (HRQoL) and physical capacity (Baumgartner 2017; Ben-Dor
2010; Frank 1973). Medical follow-up of valve disease includes
regular clinical and echocardiographic follow-up (Baumgartner
2017; Vahanian 2012), as well as assessment of treatment
indications. The treatment of choice when serious symptoms and/
or haemodynamic changes occur is valve surgery with valve repair
or replacement (Baumgartner 2017; Nishimura 2014; Vahanian
2012).

The changing disease pattern and expected increase in healthcare
burden of patients a)er heart valve surgery require a well-
established a)er-care programme to support the patient in
managing postsurgical problems. These problems include physical
and psychological issues and the challenge of returning to work.
The large number of acute hospitalisations a)er valve surgery
highlights the importance of follow-up (Sibilitz 2015a). One trial
to date has shown that individualised follow-up programmes a)er
surgery can reduce the risk of hospital admission (Borregaard
2019). Transcatheter aortic valve replacement (TAVR) is increasingly
used for treatment of people with aortic stenosis and low surgical
risk, impacting recovery following surgery. Data from the NOTION
3, PARTNER-3, and Evolut Low Risk trials show  that TAVR is at
least non-inferior and may be superior to surgery (Kolte 2019; Mack
2019; Popma 2019). However, the shorter stay in hospital at the
time of TAVR (typically 1 to 3 days) has increased the demand for
patient-centred follow-up and careful planning of rehabilitation.
This is reflected in the latest (2017) European Society of Cardiology/
European Association for Cardio-Thoracic Surgery (ESC/EACTS)
Guidelines, in which TAVR is recommended for patients older than
75 years of age (Baumgartner 2017); these guidelines were updated
in 2020, and it is expected that results from PARTNER-3 and Evolut
Low Risk trials have been integrated (Ambrosetti 2020).

Physical inactivity is a problem for heart valve surgery patients,
   who may experience presurgical dyspnoea and physical
incapacity, immobilisation during hospitalisation, and potential
postsurgical complications and restrictions due to healing of the
sternum. Open heart surgery is a stressful life event (Karlsson
2010), and HRQoL is likely to be negatively aNected (Hansen
2009), along with mental health; patients may require support for
depressive symptoms and anxiety (Fredericks 2012). Although such

problems may also occur following percutaneous procedures,
recent studies suggest that a)er TAVR, patients have much better
HRQoL within two weeks of the procedure (Lauck 2020). A
Cochrane Review showed that participants who had undergone
surgery for a coronary artery bypass gra) might benefit from
psychological interventions; however, risk of bias of included trials
was considered to be high (Whalley 2011). Little is known about the
eNects of psychological interventions for patients a)er heart valve
surgery.

In summary, risks of mortality and morbidity leading to hospital
re-admission are increased a)er heart valve surgery, resulting in
high potential  healthcare costs. In addition, patients are likely
to experience physical, mental, or social recovery problems that
negatively impact their HRQoL and physical capacity. Therefore,
careful postsurgical recovery programmes are needed. One
key solution may be exercise-based cardiac rehabilitation (CR)
(Baumgartner 2017; Butchart 2005).

Description of the intervention

CR is defined as  "the coordinated sum of activities required
to influence favourably the underlying cause of cardiovascular
disease, as well as to provide the best possible physical, mental and
social conditions, so that the participants may, by their own eNorts,
preserve or resume optimal functioning in their community and
through improved health behaviour, slow or reverse progression
of disease" (BACPR 2012). Although a central component of
rehabilitation programmes is exercise training, it is recognised that
CR programmes should be 'comprehensive' and combined with
other interventions, particularly those with psycho-educational
components (Ambrosetti 2020; Piepoli 2010).

Current European guidelines  recommend that rehabilitation
following heart valve surgery should include exercise training,
anticoagulant therapy, and medical and echocardiographic
follow-up. However, these guidelines do not explicitly state
that psycho-educational interventions should be part of the
rehabilitation programme  (Baumgartner 2017; Butchart 2005).
In contrast, American guidelines do not currently include any
recommendations or information about CR a)er heart valve
surgery (Balady 2007; Nishimura 2014).

A meta-analysis published in 2017 and including six trials showed
that participation in exercise training a)er TAVR can increase
exercise capacity within the first year a)er the procedure (Ribeiro
2017). This is supported by a systematic review and meta-analysis
published in 2019 reporting that exercise-based CR improves
exercise capacity of post-transcatheter aortic valve replacement
(TAVR) and post-surgical aortic valve replacement (SAVR) patients
in the short term (Anayo 2019). This review concludes that
further evidence is needed to assess the clinical eNects and cost-
eNectiveness of exercise-based CR in people with valve disease. A
reported cohort trial showed that CR is associated with decreased
one-year cumulative hospitalisation and mortality risk a)er valve
surgery (Patel 2019).

The European Society of Cardiology recommends that physical
activity for patients with cardiovascular disease should comprise
150 minutes per week, while others recommend three to four
hours per week (Piepoli 2010). Further, recommendations state that
low-risk patients should perform 30 minutes of aerobic exercise
daily to achieve a weekly expenditure of 1000 kcal, whereas
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the amount of physical activity should be individually prescribed
for high-risk patients (Gianuzzi 2003). Exercise training should
be performed three times weekly for 12 weeks, through a local
hospital or a community-based facility (Piepoli 2010). Exercise
should consist of submaximal endurance training, the intensity
of which is increased over time, and the programme should be
expanded to include weight/resistance training. Psychological and
educational interventions  should oNer individual and/or small
group education and counselling on adjustment to heart disease,
stress management, and health-related lifestyle changes (Gianuzzi
2003).

How the intervention might work

CR interventions following heart valve surgery can positively aNect
physical recovery, reduce blood pressure, reduce disease severity,
and improve le) ventricular ejection fraction (Gohlke-Bärwolf 1992;
Landry 1984; Newell 1980; Pardaens 2014; Sibilitz 2016; Sire 1987).
Exercise training may confer direct benefits for the heart and
the coronary vasculature  involving  myocardial oxygen demand,
endothelial function, autonomic tone, coagulation and clotting
factors, inflammatory markers, and development of coronary
collateral vessels (Clausen 1976; Hambrecht 2000).

We might anticipate eNects of exercise-based CR a)er heart
valve surgery similar to those seen in other cardiac populations
that typically receive CR  (i.e. post myocardial infarction and
revascularisation and heart failure). Two Cochrane Reviews have
shown that exercise-based CR has several positive eNects in
these latter populations (Anderson 2016; Long 2019), including
reductions in hospitalisation and improvements in HRQoL.
Furthermore, heart function changes due to valve dysfunction such
as reduced cardiac output, stroke volume, and le) ventricular
ejection fraction  may positively respond to exercise training.
Exercise-based CR following heart valve surgery might also be
expected to reduce the symptom burden, improve symptom
and disease management, and decrease rates of anxiety and
depression, as has been shown for patients with atrial fibrillation
(Smart 2018).

Possible harmful eNects of exercise-based CR a)er heart valve
surgery include increased risk of surgery-related adverse events
(e.g. arrhythmias, arterial embolism, death), as well as adverse
events associated with valve disease (e.g. any arrhythmias, heart
failure, death). A prospective study of patients post cardiac
surgery reported a  rate of adverse events (defined as chest pain
with typical electrocardiographic modifications, severe ventricular
arrhythmias, syncope, cardiopulmonary arrest, or a clinical
condition necessitating cardiopulmonary resuscitation, immediate
transfer to a coronary care unit or cardiac surgery, and/or use of
intravenous drugs) of only 1 per 49,565 patient-hours of exercise
training (Pavy 2006).

Why it is important to do this review

This systematic review is an update of a previous review that was
undertaken to assess the benefits and harms of exercise-based CR
in adults who have undergone heart valve surgery or repair (Sibilitz
2016 SR). Since the time of first publication of this review, two non-
Cochrane systematic reviews and meta-analyses on this topic have
been published (Anayo 2019; Ribeiro 2017).

O B J E C T I V E S

To assess the benefits and harms of exercise-based CR compared
with no exercise training in adults following heart valve surgery
or repair, including both percutaneous and surgical procedures.
We considered CR programmes consisting of exercise training with
or without another intervention (such as an intervention with a
psycho-educational component).

M E T H O D S

Criteria for considering studies for this review

Types of studies

Randomised controlled trials (RCTs) (including individual
participant/cluster allocation or cross-over design) irrespective of
language of publication, publication year, publication type, and
publication status were eligible for inclusion in the review.

Types of participants

We included adults aged 18 years or older of both sexes and of any
ethnicity who had undergone heart valve surgery for any cause of
heart valve disease (i.e. aortic valve disease, mitral valve disease,
tricuspid or pulmonary valve disease, or a combination) and had
received heart valve replacement or heart valve repair (surgery to
the valve and related anatomical areas without valve replacement,
e.g. mitraclips, mitral ring, chordae rupture treatment). We
included both percutaneous and surgical procedures.

Types of interventions

Exercise-based CR interventions with or without a psycho-
educational intervention. Exercise-based CR interventions include
supervised and unsupervised programmes  conducted in an
inpatient, outpatient, community, or home-based setting,
including any kind of exercise training. The intervention must have
included an exercise training component focused on increasing
exercise capacity, and it may have included a psycho-educational
intervention that focused on improving mental health and the
patient's  self-management skills. Patients could engage in an
exercise intervention before or a)er discharge from the hospital for
heart valve surgery (Kiel 2011). However, for inclusion in this review,
the intervention must have included a postsurgical element. We
applied no restriction in length, intensity, or content of the exercise
training intervention.

Control interventions

We sought any of the following control interventions as long as they
did not include a physical exercise element.

• Treatment as usual (e.g. standard medical care, such as
drug and anticoagulant therapy; medical follow-up with
echocardiography).

• No intervention.

• Any other type of CR programme.

Co-interventions

We included trials with co-interventions to CR, as long as
these were delivered equally to participants in the intervention
and control groups. Co-interventions could include drug,
surgical (percutaneous versus transthoracic surgery), or dietary
interventions.

Exercise-based cardiac rehabilitation for adults a�er heart valve surgery (Review)
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Types of outcome measures

Reporting one or more of the outcomes listed here for the trial is
not an inclusion criterion for this review. When a published report
did not appear to report one of these outcomes, we accessed the
trial protocol and contacted the trial authors to ascertain whether
outcomes were measured but not reported. Relevant trials that
measured these outcomes but did not report the data at all, or did
not provide data in a usable format, were included in the review as
part of the narrative. We did not use hierarchy to choose between
multiple measures of the same outcome but instead sought to
report all outcome results.

Outcomes are assessed at two time points: (1) at completion of the
intervention (as defined by trialists); and (2) at longest available
follow-up. There was no minimum length of follow-up for trials that
were eligible for inclusion in the review.

Primary outcomes

We sought the following primary outcomes.

• All-cause mortality.

• Cardiovascular mortality.

• All-cause hospitalisation.

• Health-related quality of life assessed by generic or disease-
specific validated instruments  (e.g. Short Form-36, EuroQoL
Group Quality of Life Questionnaire based on 5 dimensions
(EQ-5D) - generic measures, HeartQoL - heart disease-specific
measure).

Secondary outcomes

We sought the following secondary outcomes.

• Exercise capacity: any measure of exercise capacity including
direct measurement of oxygen uptake (VO2 peak/VO2 max) or

indirect measures such as exercise time, walking distance (e.g.
6-minute walk text), etc.

• Serious adverse events: defined as any untoward medical
occurrences that are life-threatening, result  in death, or are
persistent or lead to significant disability; or any medical events
that have jeopardised the patient or required intervention to
prevent them, or any hospitalisation or prolongation of existing
hospitalisation (ICH-GCP 1997).

• Return to work.

• Costs and cost-eNectiveness.

Search methods for identification of studies

Electronic searches

We searched the following electronic databases from their
inception to 10 January 2020 (unless otherwise stated).

• Cochrane Central Register of Controlled Trials (CENTRAL; 2020,
Issue 1 of 12), in the Cochrane Library.

• Database of Abstracts of Reviews of ENectiveness (DARE; 2015,
Issue 1 of 4), in the Cochrane Library (last issue available, so not
updated for this latest version).

• MEDLINE and Epub Ahead of Print, In-Process & Other Non-
Indexed Citations and Daily (Ovid) (1946 to 9 January 2020).

• Embase Classic and Embase (Ovid) (1947 to 9 January 2020).

• Cumulative Index to Nursing and Allied Health Literature
(CINAHL) plus Full Text (EBSCO) (1937 to 10 January 2020).

• PsycINFO (Ovid) (1806 to January week 1 2020).

• Latin American Caribbean Health Sciences Literature (LILACS;
Bireme), in English (1982 to 10 January 2020).

• Conference Proceedings Citation Index-S (CPCI-S) on Web of
Science (Clarivate Analytics) (1990 to 10 January 2020).

Searches for the previous review were run on 23 March 2015, and
were updated and re-run on 10 January 2020. Some additional
search terms were added for each database in the latest search
(Appendix 1). The RCT filter used for MEDLINE was the Cochrane
sensitivity-maximising RCT filter, and for Embase, terms as
recommended in the Cochrane Handbook for Systematic Reviews
of Interventions were applied (Lefebvre 2011). RCT filters used for
the other databases, except CENTRAL, were adaptations of the
Cochrane RCT filter.

We applied no language restrictions. Trials written in languages
that the review authors did not understand were translated
professionally.

We checked the status of studies identified as ongoing (7 February
2021) to determine their current publication status. None of the 10
ongoing studies were found to have been published.

Searching other resources

We also searched the following clinical trials registers for ongoing
trials on 15 May 2020.

• ClinicalTrial.gov (www.clinicaltrials.gov).

• International Standard Randomized Controlled Trials Number
(ISRCTN) Registry (www.Controlled-trials.com).

• World Health Organization (WHO) International Clinical Trials
Registry Platform (ICTRP) (http://apps.who.int/trialsearch/).

We searched these other sources using the search terms 'heart
valve surgery', 'heart valve replacement', 'exercise', and 'cardiac
rehabilitation'. Several of the co-authors are experts in the field
with knowledge of current unpublished trials. We searched the
reference lists of previous systematic reviews and trials included in
this review .

Data collection and analysis

Selection of studies

Two review authors (LA and KLS) independently assessed all titles
and abstracts for inclusion, excluding trials that did not meet the
inclusion criteria. We retrieved full publications of all potentially
relevant trials,  stored them electronically, and translated them
when required. We resolved disagreements by discussion between
the two review authors (LA and KLS), or, when necessary, by
consultation with a third review author (RST). We detailed excluded
trials and reasons for their exclusion in the Characteristics of
excluded studies table.

Data extraction and management

Two review authors (LA and KLS) independently extracted data
from the included trials using a standardised data extraction form.
This form was used in the previous version of this review and
has been adapted from previous Cochrane cardiac rehabilitation
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reviews (e.g. Anderson 2016). When not reported in the text
or tables, we extracted outcome data from graphs. A third
review author (RST) checked all numerical calculations and data
extractions. We resolved any discrepancies by consensus. One of
the included trials was available only in Chinese. Data extraction
for this paper was undertaken by one of the review authors (KLS) in
the presence of a translator (native Chinese speaker). Data for the
Chinese article were double-checked against the English abstract
(LA and KLS).

We extracted the following data.

• General information: publication status, title, authors' names,
source, country, contact address, language of publication, year
of publication, duplicate publication, financial conditions.

• Trial characteristics: design, duration.

• Intervention: type of exercise training, type of rehabilitation
programme (comprehensive CR or only exercise training),
setting (e.g.  in-patient, out-patient, community, home setting,
a combination), time a)er hospitalisation, nature of the control
group.

• Participants: sampling method (e.g.  convenience, random),
inclusion and exclusion criteria, numbers of participants in
intervention and control groups, participant demographics such
as sex and age, baseline characteristics including type of valve
aNected and classification of heart valve disease, number of
participants lost to follow-up.

• Outcomes: data sought for primary and secondary outcomes as
defined earlier.

• Risk of bias: see Assessment of risk of bias in included studies
below.

One review author (LA) transferred data into Review Manager 5.4
(RevMan 2020), and another review author (KLS) double-checked
that data were entered correctly by checking trial characteristics for
accuracy.

Assessment of risk of bias in included studies

For this review, the eNect of interest is the eNect of assignment to
the intervention. Two review authors (LA and KS) independently
assessed risk of bias using the Cochrane 'Risk of bias in randomised
trials' tool (RoB2) for all primary outcomes (when data were
provided) (i.e. at latest follow-up for all-cause mortality and all-
cause hospitalisation, at the end of the intervention, and at latest
follow-up for both exercise capacity and HRQoL outcomes) (Higgins
2019a; Sterne 2019). Secondary outcomes were not  assessed for
risk of bias. As all review authors but one (LA) were involved
with one of the included trials (Sibilitz 2016), an independent
RoB2 experienced review author Michele Hilton Boon (MHB)
independently assessed all of the primary outcomes for this trial.
DiNerences between RoB2 assessments were discussed between
MHB and LA   (for details, see  https://www.gla.ac.uk/media/
Media_775195_smxx.xlsm).

We resolved all disagreements through discussion or by
consultation with a third review author (RST).

We assessed risk of bias using the following Cochrane RoB2 criteria
(Higgins 2019a; Sterne 2019).

• Bias arising from the randomisation process.

• Bias due to deviations from intended interventions.

• Bias due to missing outcome data.

• Bias in measurement of the outcome.

• Bias in selection of the reported result.

For each domain, a series of signalling questions (with the answers
yes, probably yes, no information, probably no, and no) will
determine the risk of bias (low risk, some concerns, or high risk).
We included text alongside the judgements to provide supporting
information for our decisions (see 'Risk of bias in included trials').
We decided the risk of bias for an outcome (e.g. HRQoL) by
noting its performance in each domain; if one domain was judged
as 'some concerns' or 'high risk', this judgement was taken for
the whole outcome. To manage the assessment of bias and to
implement RoB2, we used the RoB2 Excel tool  (available on the
riskofbiasinfo.org website). The RoB2 tool was accessed from 18
to 20 May 2020.

Measures of treatment e:ect

We processed data in accordance with the Cochrane Handbook for
Systematic Reviews of Interventions (Higgins 2019c). We expressed
dichotomous data as risk ratios (RRs) with 95% confidence intervals
(CIs). For continuous variables, we compared net changes (i.e.
exercise-based CR minus control) to detect diNerences. For each
trial, we sought the mean change (and the standard deviation (SD))
in outcomes between baseline and follow-up for both exercise and
control groups. When not available, we used the absolute mean
(and SD) outcome at follow-up for both groups. We expressed
results as mean diNerences (MDs), except when trials used diNerent
scales or measurements, in which case we used standardised mean
diNerences (SMDs) (Thompson 2002). We interpreted SMD as 0.2,
0.5, and 0.8, representing 'small', 'medium', and 'large' eNect sizes,
respectively (Higgins 2019b).

Unit of analysis issues

If any cluster-randomised controlled trials had been included,
we planned to contact the trial authors to obtain an estimate
of the intra-cluster correlation when appropriate adjustments for
the correlation between participants within clusters had not been
made, or otherwise to impute it using estimates from the other
included trials, or from similar external trials. Similarly, if we had
included data from cross-over trials, we would have included
both periods of any cross-over trials identified, assuming that
(1) there had been a washout period considered long enough to
reduce carry-over, (2) no irreversible events such as mortality had
occurred, and (3) appropriate statistical approaches had been used.

Dealing with missing data

As we did not obtain missing data by contacting triallists, we
sought to undertake sensitivity analysis to explore the eNect
of this missingness. For dichotomous outcomes, we performed
analyses using  the intention-to-treat method (Higgins 2019c),
which includes all participants according to their original random
group allocation, irrespective of compliance or follow-up. For
primary analyses, we assumed that participants lost to follow-
up were alive and had no serious adverse events. For continuous
outcomes, we performed available participant analysis and
included data only on those for whom results are known (Higgins
2019c). It was possible to obtain SDs directly from the articles or by
calculation (Furukawa 2006). When trials reported outcomes with
medians and interquartile ranges, we calculated the means and the
standard deviations by using the quantile method for estimating
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means and standard deviations. To calculate means and standard
deviations, we divided the sum of the median, the first quartile
range, and the third quartile range by three, and we subtracted
the first quartile from the third quartile, then divided by 1.35,
respectively (Higgins 2019ca; Chapter 6.5.2.5). When trials reported
maximal oxygen consumption (VO2 max) in metabolic equivalent of

tasks (METS), we converted this to mL/kg/min by multiplying by 3.5.
We sought to undertake two sensitivity analyses for binary primary
outcomes to examine the impact of losses to follow-up.

Assessment of heterogeneity

We  explored clinical heterogeneity by comparing population,
intervention, and control groups across included trials. We
observed statistical heterogeneity in the trials by visually

inspecting forest plots, by using a standard Chi2 value with a

significance cut-oN level of P = 0.10, and by using the I2 statistic.

We interpreted an I2 estimate greater than or equal to 50% with

a significant value for Chi2  as evidence of 'substantial' statistical
heterogeneity (Higgins 2019c).

Small-trial (publication) bias

We planned to construct funnel plots and to undertake Egger
tests for each outcome when we identified 10 or more trials, to
establish the potential influence of small-trial eNects and potential
publication bias (Sterne 2011; Wood 2008). However, due to the
limited number of included trials (six), this was not possible.

Assessment of reporting biases

See Assessment of risk of bias in included studies and small-trial
(publication) bias. There was no language bias, as relevant trials
published in other languages were sought and translated.

Data synthesis

We performed data synthesis according to recommendations
provided in the Cochrane Handbook for Systematic Reviews of
Interventions (Higgins 2019c), using Review Manager 5.4 (RevMan
2020). We  implemented RoB2 in RevMan Web, available at
revman.cochrane.org. The primary analysis will include all eligible
studies, irrespective of their risk of bias status.

We pooled data from each trial using a fixed-eNect model, except
when we identified substantial statistical heterogeneity (I2 statistic
> 50%), in which case we applied a random-eNects model, which
provided a more conservative statistical comparison of diNerences
between intervention and control, because a confidence interval
around a random-eNects estimate is wider than a confidence
interval around a fixed-eNect estimate.

Subgroup analysis and investigation of heterogeneity

We planned to analyse primary outcomes  using stratified meta-
analysis, according to the following subgroups.

• Trials at overall low risk of bias compared to trials at overall
high risk of bias based on RoB2; for trials categorised as being
at overall low risk of bias, we would perform subgroup analysis
on trials at overall lower risk of bias compared to trials at overall
higher risk of bias.

• Trials including women only versus trials including men only.

• Trials including younger participants (< 60 years old) only versus
trials including older participants (≥ 60 years old) only.

• Trials with an exercise intervention only compared to trials with
an exercise intervention plus any other co-intervention, such as
a psycho-educational intervention.

However, due to the small number of included trials and a limited
quantity of data, it was not possible to perform these subgroup
analyses.

Sensitivity analysis

For primary outcomes, we planned to perform the following
sensitivity analyses.

Binary outcomes

Best/worst-case scenario: for this analysis, we would assume that
all participants lost to follow-up in the intervention group have
survived, and have had no serious adverse events; and that all those
with missing outcomes in the control group have not survived, and
have had serious adverse events.

Worst/best-case scenario: for this analysis, we would assume that
all participants lost to follow-up in the intervention group have not
survived, and have had serious adverse events; and that all those
with missing outcomes in the control group have survived, and
have had no serious adverse events.

Continuous data

Assumptions for lost data: when assumptions had been made for
lost data (Dealing with missing data), we compared the findings
from our assumptions with data only from those participants who
completed the trials.

Summary of findings and assessment of the certainty of the
evidence

One review author (LA) independently employed the Grading
of Recommendations Assessment, Development and Evaluation
(GRADE) approach to interpret study results (Schünemann 2013).
We used the five GRADE considerations (overall risk of bias,
consistency of eNect, imprecision, indirectness, and publication
bias) to assess the quality of a body of evidence as it relates
to trials that contributed data to meta-analyses and narrative
summaries for pre-specified outcomes. We (LA, KLS, RST) resolved
any discrepancies in judgement through discussion. One review
author (LA) used GRADEpro GDT so)ware to import data from
Review Manager to create a 'Summary of findings’ table that
included the following pre-specified outcomes: all-cause mortality;
cardiovascular mortality; all-cause hospital hospitalisations; and
health-related quality of life (GradePro So)ware; Schünemann
2013). .

R E S U L T S

Description of studies

The updated search results can be seen in Table 1; the trial selection
process is shown in the PRISMA flow chart in Figure 1.
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Figure 1.   Updated study flow diagram.
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Figure 1.   (Continued)

 
Results of the search

Through updated searches, we retrieved a total of 904 titles a)er
de-duplication, of which 865  did not fulfil the inclusion criteria
and were excluded. At full paper review stage, we excluded 16
records. One was not randomised, one was an editorial, one was a
protocol for an included trial, one was a conference abstract for an
included trial, two had an inappropriate population, and 10 had an
inappropriate intervention.

Five records are awaiting classification, as we contacted the
triallists about details of their trials but received no response, and
the detail we had was insuNicient to warrant inclusion in this review
(Characteristics of studies awaiting classification).

We identified 10 ongoing trials from results of the electronic
searches, as well as from our search of other resources. Details of
these ongoing trials can be found in the section on Characteristics
of ongoing studies (ACTIVE AFTER TAVR 2017; Exercise Training A)er
TAVI; Feng 2019; HBCR-TAVR 2019; Post Cardiac Valvular Surgery
Rehabilitation (PORT); PREPARE TAVR Pilot Study; REHAB-TAVR
2017; The PACO Trial; Valve-ex 2009; Wang 2019). They will be
assessed during future updates of this review.

Four new trials (six  publications: two from a recent systematic
review - Anayo 2019) met the inclusion criteria and were therefore
included in this review update. In  total, this review included six
trials - two from the previous version of this review.

Included studies

See  Characteristics of included studies and Characteristics of
excluded studies.

Population

The six included trials randomised a total of 364 participants
who had undergone heart valve replacement or repair. Four trials
included participants a)er aortic valve replacement only (Nilsson
2019; Pressler 2016; Rogers 2018; Sire 1987), one trial involved
mitral valve replacement only (Lin 2004), and one trial included

all heart valves (Sibilitz 2016). Some trials included participants
undergoing several valve procedures at a time (e.g. two valve
procedures) (Lin 2004; Sire 1987), but all trials excluded participants
with other heart co-morbidities, or with other co-morbidities
complicating physical activity. All trials had published abstracts in
English, and all but the Lin 2004 trial (Chinese) were published
in full in English. Five trials were single-centre studies.  Pressler
2016 was conducted at three diNerent centres. None of the trials
were reported to be industry-sponsored.

Trial participants were predominantly male in four trials (57% - Lin
2004, 75% - Nilsson 2019, 76% - Sibilitz 2016, and 72% - Sire 1987);
in the other two trials, the proportion of males was equal to the
proportion of females (50% - Pressler 2016, or slightly lower (44%)
- Rogers 2018). Mean participant age across trials varied from 31
years in Lin 2004 to 82 years in Rogers 2018. Although ethnicity of
participants was not reported, five trials took place in Europe, and
one in China. The longest reported trial follow-up time ranged from
3 months in Lin 2004 to 24 months in Pressler 2016.

Interventions

Included exercise-based interventions consisted of combined
aerobic and resistance training that began one day to three months
post surgery (Lin 2004; Pressler 2016).  Lin 2004  also included
a psychological intervention and an exercise training element,
both of which were undertaken before surgery. In three trials, the
intervention was provided in a combined hospital- and home-
based setting (Lin 2004; Sibilitz 2016; Sire 1987), and in the other
three trials, the intervention was given entirely in a hospital setting
(Nilsson 2019; Pressler 2016; Rogers 2018). The dose and intensity
of prescribed exercise training varied from 20 to 60 minutes per
session across two to three sessions per week, except for one
trial that recommended up to four hours daily (Sire 1987). The
total duration of exercise programmes varied between trials from
approximately one month in Sire 1987 to over three months in Lin
2004,  Nilsson 2019, and  Sibilitz 2016. In  Rogers 2018, the dose,
frequency, length, and intensity of exercise were individualised
based on information gained from participants' functional capacity
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tests and discussion around their specific goals. Further details of
the trials included in this review are shown under Characteristics of
included studies.

Comparison
All trials compared interventions to no exercise and usual care.

Excluded studies

We excluded 16 trials and have presented reasons for their
exclusion  in the section  Characteristics of excluded studies.
The most common reason for trial exclusion was the type of
intervention used, as it was not appropriate for this review.

Risk of bias in included studies

We performed risk of bias assessment using the RoB2 tool for all
primary outcomes (when data were provided) and summarised
results of this assessment in the results-level RoB2 tables
(Higgins 2019c).  Although some trials failed to give suNicient
detail to enable a clear assessment of the  potential risk of
bias for outcomes measured (Lin 2004; Sire 1987), most trials
provided suNicient information to allow for potential risk of
bias assessment  (for details, see  https://www.gla.ac.uk/media/
Media_775195_smxx.xlsm).

For all-cause mortality outcomes, we assumed an overall risk of
bias with some concern,  as one of the two trials was at overall
high risk of bias and the other was at low risk of bias. However,
no trials intended to measure mortality as a primary or secondary
outcome. Only Sibilitz 2016 reported all-cause hospitalisations and
was judged at high risk of bias, with short-term follow-up and
few patients/events.  We judged HRQoL  physical and mental
component outcomes to be at high risk of bias due to the small
numbers of patients and the high level of missing outcome data at
follow-up.

Given the nature of exercise-based CR interventions and controls,
it is not possible to blind participants or people delivering
the intervention. Nevertheless, blinding of outcome assessors
can reduce risk of bias in measurement of outcomes that
involve clinician assessment (exercise capacity) or participant self-
reported outcomes  (HRQoL, return to work). Three trials did not
report any information on assessment of outcomes (Lin 2004;
Nilsson 2019; Sire 1987).

E:ects of interventions

See: Summary of findings 1 Exercise compared to no exercise for
adults a)er heart valve surgery

Primary outcomes

All-cause mortality

Nine deaths were reported by two trials (Lin 2004; Pressler
2016). We found lack of evidence of a diNerence between exercise-
CR and control (risk ratio (RR) 0.83, 95% confidence interval (CI)

0.26 to 2.68; 2 trials, 131 participants; I2 = 49%; GRADE quality of
evidence very low; Analysis 1.1). In Lin 2004, two participants in the
exercise-based CR group died (2/55; 3.6%) (1 sudden death, 1 brain
stem death) versus none in the control group (0/49; 0%). Pressler
2016  reported seven deaths: two in the exercise-based CR arm
(2/13; 15.4%) (1 intracranial bleeding, 1 unknown cause)  versus
five in the control arm (5/14; 35.7%) (3 pneumonia, 2 unknown

cause). Sensitivity analyses (best/worst-case scenario: RR 0.44, 95%
CI 0.15 to 1.32; worst/best-case scenario: RR 2.15, 95% CI 0.16 to
28.78)  confirmed the lack of evidence of  diNerences in all-cause
mortality between exercise-based CR and control.

For all-cause mortality, the overall risk of bias for Pressler 2016 was
'low' and that for Lin 2004 was 'high' (see Analysis 1.1). Lin 2004 had
some concerns with the randomisation process and deviations
from intended interventions and was at high risk of bias for missing
outcome data. Pressler 2016 led to a low risk of bias judgement for
this outcome. Therefore caution should be applied when all-cause
mortality results are interpreted.

Cardiovascular mortality

Cardiovascular mortality was not reported.

All-cause hospitalisations

Only one trial reported all-cause hospitalisations at six months'
follow-up (Sibilitz 2016). This trial reported a cardiac-related
hospitalisation in the exercise-CR group as one of the serious
adverse events. No hospitalisations were reported in the control
group (RR 2.72, 95% CI 0.11 to 65.56; fixed-eNect model; 1 trial, 122

participants; I2 = NA; GRADE quality of evidence very low; Analysis
1.4). We judged the trial as having overall high risk of bias, with
both missing outcome data and measurement of outcomes judged
at high risk of bias (see Analysis 1.4). Caution should therefore be
applied when these results are interpreted.

Health-related quality of life

Pressler 2016 and  Sibilitz 2016  reported HRQoL  in a total of
139 participants using the 12-Item and 36-Item Short-Form
Health Survey questionnaires (SF-12 and SF-36), respectively.
These questionnaires were subdivided into mental component
and physical component sub-scores, assessed at baseline, at
completion of the intervention, and at longest follow-up. At
completion of the intervention (ranging from two to three months),
there was no diNerence between exercise-based CR and control
groups in these sub-scores  (mental component: mean diNerence
(MD) 1.28, 95% CI -1.60 to 4.16; fixed-eNect model;  2 trials, 150

participants; I2 = 0%; GRADE quality of evidence very low; Analysis
1.5; physical component: MD 2.99, 95% CI -5.24 to 11.21; random-

eNects model; 2 trials, 150 participants; I2 = 79%; GRADE quality of
evidence very low; Analysis 1.6). At longest follow-up (six months
in Sibilitz 2016 and 24 months in Pressler 2018), there was also no
diNerence in sub-scores  (mental component: MD -1.45, 95% CI -4.70

to 1.80; fixed-eNect model; 2 trials, 139 participants; I2 = 0%; GRADE
quality of evidence  very low; Analysis 1.7; physical component:
MD -0.87, 95% CI -3.57 to 1.83; fixed-eNect model;  2 trials, 139

participants; I2 = 0%; GRADE quality of evidence very low; Analysis
1.8).

The overall risk of bias for both mental component and physical
component sub-scores at completion of the intervention and at
maximum follow-up was 'high' for both Sibilitz 2016 and Pressler
2016. Both trials also had some concerns for missing outcome
data. Caution should therefore be applied when this outcome is
interpreted; GRADE quality of evidence was very low.
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Secondary outcomes

Exercise capacity

All six trials reported exercise capacity in 321 participants assessed
as VO2 peak/max (Lin 2004; Nilsson 2019; Sire 1987), as six-minute

walk test (6MWT) (Rogers 2018), or as both (Pressler 2016; Sibilitz
2016). All trials reporting VO2 max were converted to mL/kg/min,

except Sire 1987, which could not be recalculated from reported
kilojoules. Due to these diNerences in reporting, exercise capacity
is presented in three ways: (1) direct measures of VO2 max data in

mL/kg/min across four trials, (2) maximal measures (contained all
peak exercise capacity data as standardised mean diNerence (SMD)
across five trials), and (3) submaximal data based on 6MWT from
three trials.

At completion  of the intervention, and compared to control,
exercise-based CR resulted in a moderate increase in exercise
capacity for maximal measures (SMD 0.38, 95% CI 0.15 to 0.61; fixed-

eNect model; 5 trials, 194 participants; I2 = 0%; Analysis 1.11) and
direct measures of VO2 max (MD 2.38 mL/kg/min, 95% CI 0.36 to

4.40; 4 trials, 250 participants; I2 = 0%; fixed-eNect model; Analysis
1.9)  but not for submaximal 6MWT (MD -3.89 metres, 95% CI

-58.72 to 50.95; 3 trials, 167 participants; I2 = 85%; random-eNects
model; Analysis 1.13).

At longest follow-up, moderate benefit in favour of exercise was still
seen for maximal measures (SMD 0.37, 95% CI 0.13 to 0.61; 5 trials,

284 participants; I2 = 0%; fixed-eNect model; Analysis 1.12) but not
for direct measures of VO2 max (MD 1.53 mL/kg/min, 95% CI -0.44 to

3.50; 4 trials, 240 participants; I2 = 0%; fixed-eNect model; Analysis
1.10) nor of 6MWT  (MD -25.48 meters, 95% CI -103.04 to 52.08; 3

trials, 158 participants; I2  = 84%; random-eNects model; Analysis
1.14).

Serious adverse events

A total of 23 serious adverse events (exercise-based CR 12/164
(7.3%) versus control 11/162 (6.8%)) were reported across four
trials (Lin 2004; Pressler 2016; Sibilitz 2016; Sire 1987), with no
diNerences between groups (RR 1.07, 95% CI 0.50 to 2.27; 4 trials,

326 participants; I2 = 0%; fixed-eNect model; Analysis 1.15; Table 2 ).

Return to work

Only one trial reported return to work in a total of 44 participants
(Sire 1987). At 12 months' follow-up, there was no diNerence in
the proportion of participants who had returned to work in the
exercise-based CR group (4/21; 19%) compared to the control group
(8/23; 35%) (RR 1.24, 95% CI 0.86 to 1.79; Analysis 1.16).

Costs and cost-e$ectiveness

Only Sibilitz 2016 reported economic data, with cost data collected
in the trial from the time of surgery to six months' follow-up and
assessed from a societal perspective (Hansen 2017). Although there
was no diNerence between exercise-CR and control in HRQoL or
costs  (see Table 3) driven by  a trend towards cost savings with
CR, trial authors reported a probability ≥ 75% that CR was cost-
eNective (Hansen 2017).

Subgroup analyses

Due to the small number of included trials and a limited quantity of
data, it was not possible to perform any of the planned subgroup
analyses.

D I S C U S S I O N

Summary of main results

We identified six randomised trials including a total of 364
people following open or percutaneous valve surgery who received
exercise-based cardiac rehabilitation (CR) or the no exercise
control. Two trials reported a total of nine deaths, one trial
reported one hospitalisation, and evidence of the impact on health-
related quality of life (HRQoL) was of very low certainty. Exercise-
based CR programmes in these trials were consistently based on
aerobic exercise and were in accord with the European Society
of Cardiology recommendation for physical activity for secondary
prevention (Ambrosetti 2020; Corra 2010).  In summary, although
potentially beneficial in terms of short-term exercise capacity,
data remain inadequate for definitive assessment of the impact of
exercise-based CR on the key patient-related primary outcomes of
mortality, hospitalisations, and HRQoL.

Overall completeness and applicability of evidence

Several issues need to be addressed when implications of the
findings of this review are interpreted for daily clinical practice.
First and foremost, the generalisability of the findings of this
review is limited by the small quantity of data identified.
Furthermore, almost all included trials recruited highly selected
trial populations consisting of younger participants with low to
moderate risk  and few women, except for  Sibilitz 2016 ,  which
included a broad representation of participants. Throughout the
last decade, novel valve repair techniques have evolved, including
less invasive techniques such as percutaneous valve procedures,
with resultant changes in the treatment and participant pathway
following valve repair or replacement; without sternotomy,
exercise-based CR programmes can start earlier and  patients
are older  with more co-morbidities. Included trials provide
few data on postsurgical complications, such as hospitalisation,
atrial fibrillation, pericardial exudate, and impact on overall
HRQoL. These considerations are important when postsurgery
management is planned, especially a)er open heart surgery, and
when suitable patients are selected for a rehabilitation programme
a)er valve surgery. In summary, the applicability of the evidence in
this review to current practice is limited, and the generalisability of
results should be interpreted with caution.

Quality of the evidence

We judged all primary outcomes to have 'very low' quality of
evidence based on GRADE analysis. The quality of evidence for total
mortality was 'very low' and was downgraded for inconsistency
and small sample size/numbers of events. The quality of evidence
for hospitalisation admission was 'very low' and was downgraded
for risk of bias, inconsistency, and small sample size/numbers
of events. The quality of evidence for HRQoL was judged to be
'very low', with downgrading due to small sample size/numbers of
events, inconsistency, and lack of patient blinding (with the HRQoL
physical component score at completion of the intervention also
having high statistical heterogeneity).
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Potential biases in the review process

We conducted this updated review according to recommendations
provided in the Cochrane Handbook for Systematic Reviews of
Interventions (Higgins 2019c). We followed our peer-reviewed
published protocol (Sibilitz 2013b), with its predefined participants,
interventions, comparisons, and outcomes, to avoid biases during
review preparation. We performed a comprehensive literature
search to identify published and unpublished trials, abided by
our prespecified inclusion and exclusion criteria, and conducted
the meta-analysis using available data or based it on intention-to-
treat when possible. However, the bias of omission of full copies
of papers that may have included important data due to no
response from study authors is diNicult to assess.

The included trials were relatively small and had short-term
follow-up and small numbers of reported events (mortality,
hospitalisations, and serious adverse events). With the exception
of Sibilitz 2016, none of the included trials sought to formally
collect mortality or serious adverse events as outcomes, and we
were able to capture these outcomes from studies based only on
their reporting of losses to follow-up and dropouts. Translation
of Lin 2004, which was published in Chinese, may have resulted in
reporting bias.

Agreements and disagreements with other studies or
reviews

Since the time this Cochrane Review was first published, two other
non-Cochrane systematic reviews and meta-analyses have  been
published (Anayo 2019; Ribeiro 2017). The review by Ribeiro
and colleagues (5 uncontrolled before-and-a)er studies, 862
   patients) showed that the six-minute walk distance test (6MWT)
significantly improved with exercise-based CR compared to control
(standardised mean diNerence (SMD) 0.69, 95% confidence interval
(CI) 0.47 to 0.91). Similarly, the Anayo et al review (3 randomised
controlled trials (RCTs) and 3 non-RCTs, 255 participants) showed
improvement in 6MWT favouring  exercise-based CR (mean
diNerence (MD) 22.90 metres, 95% CI −31.64 to 77.43). Although the
present review found no clear evidence of improvement in 6MWT
with exercise-based CR, our finding of improvement in short-term
exercise capacity with CR is consistent with the findings of both
of these previous reviews.  In accord with this review, Anayo et al
found no diNerence between exercise-based CR and control in 12-
Item/36-Item Short-Form Health Survey questionnaire  (SF-12/36)
HRQoL scores (mental component: MD −0.44, 95% CI −3.43 to 2.56;
physical component: MD 2.81, 95% CI −5.82 to 11.44).

A U T H O R S '   C O N C L U S I O N S

Implications for practice

Current European Society of Cardiology guidelines recommend
exercise-based CR following heart valve surgery. However, this
updated systematic review of randomised controlled trial evidence
shows that a more cautious recommendation is needed. In
particular, the impact of exercise-based CR a)er heart valve
surgery on mortality, serious adverse events, HRQoL, return to
work, and costs remains unclear. Additionally, its impact on
postsurgical adverse events needs to be further investigated, and
this information used to inform targeting of exercise-based CR to
the most relevant heart valve patients. Nevertheless, our review

supports the potential use of exercise-based CR to improve short-
term exercise capacity following heart valve surgery.

The trials included in this review have investigated CR interventions
based on exercise training. It is widely accepted that contemporary
CR should be 'comprehensive' and should incorporate risk factor
education/counselling and psychosocial interventions (Anderson
2014; Corra 2010). For use post valve surgery, CR interventions
may also need to include breathing and coughing exercises
and vocational evaluation advice. Moreover, due to the risk of
complications and of hospitalisations, a CR programme for heart
valve surgery patients also needs to address medical issues
and medical stabilisation, along with anticoagulation treatment,
and needs to provide thorough information about endocarditis
prophylaxis. An important question for future updates on CR is
whether patients could benefit from alternative modalities to
centre-based CR, including home-based programmes.

Implications for research

To date, research evidence for CR has focused mainly on trials
showing the benefits of CR in ischaemic heart disease (post
myocardial infarction and revascularisation) and heart failure.
This updated systematic review shows that further randomised
controlled trial evidence at low risk of bias is needed to
definitively  assess the impact of exercise-based CR on patients
following valve surgery. Information is especially needed on
the outcomes that matter most to  patients, clinicians, and
policymakers  (i.e.  mortality, hospitalisations, HRQoL, return to
work, and costs and cost-eNectiveness).

We identified 10 ongoing (information from clinicaltrials.gov and
World Health Organization (WHO) International Clinical Trials
Registry Platform (ICTRP)) randomised controlled trials, most of
which are still recruiting. These trials seek to include a total of 2435
participants (with sample sizes ranging from 30 to 800 participants/
trial) and report that they are collecting a range of outcomes that
include mortality, exercise capacity, HRQoL, hospitalisations, and
adverse events.

Critique of this  new evidence should include the following
considerations. 

• Trial quality including consideration of sample size calculation
based on participant-relevant outcomes that may include
composite events (such as mortality and hospitalisation)
and health-related quality of life    and conduct/reporting in
accordance with the Consolidated Standards of Reporting Trials
(CONSORT) guidelines for non-pharmacological interventions
(Boutron 2008). 

• CR interventions that address the specific needs and
preferences of heart valve patients with focus on maximising
uptake, such as home-based programmes (especially given the
global impact of the COVID-19 pandemic on healthcare systems).

• Routine reporting of fidelity to CR prescription  delivery and
patient adherence. 

• Generalisability of trial populations to practice (i.e.  inclusion
of women, patients with baseline phenotypes including
diNerent types of valve lesions, open versus percutaneous and
replacement versus  repair valve surgery, inclusion of older
participants).
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• Long-term follow-up (≥ 12 months) to fully assess the clinical
and cost-eNectiveness implications of CR.
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Study characteristics

Methods Study design: parallel-group randomised controlled trial

No of centres: 1
Country: China
Dates patients recruited: NR

When randomised: NR
Maximum follow-up (from baseline): 3 months

Participants Inclusion criteria: 20 to 45 years of age who have undergone single or double heart valve replacement

Exclusion criteria: comorbidities including pathological changes associated with coronary arteries, re-
operations for valve replacement surgeries (patients who have undergone valve replacement before),
severe pathological changes associated with other organs

N Randomised: total: 104; intervention: 55; comparator: 49

Number of participants lost to follow-up: 7

Number of dropouts: 3 (2 due to irregular heart rhythm, 1 for delayed pericardial tamponade)

Number with complications: 4 (rehabilitation group: 1 sudden death, 1 brain stem disease; control
group: 1 paravalvular leakage, 1 endocarditis)
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Diagnosis (% of pts):

e.g.

Aetiology: the kind of valve disease is not specified; we assume that all kinds of valve diseases are includ-
ed

Kind of surgery: mechanical valve replacement of any kind

NYHA : NR

LVEF: NR

Case mix: NR

Age (mean ± SD): total: NR; intervention: 32.8 ± 12.1;comparator: 29.8 ± 9.4

Percentage male: total: 56.73%; intervention: 56.36%;comparator: 57.14%
 

Ethnicity: NR

Interventions Intervention (exercise-based CR)

Description

Type of rehabilitation programme: combined physical exercise, breathing exercises, and psychological
intervention

Setting: hospital-based and home-based. At hospital and at home before and after surgery

Time after hospitalisation: the day after surgery, and continuing until 3 months after surgery

Total duration: starting the week before surgery with breathing exercises and psychological interven-
tion, and the day after surgery with physical exercise

• Psychological intervention

Conducted before surgery, to prevent anxiety and mental pressure before surgery. Introduction to the
surgery in detail, and information about safety of the surgery

• Breathing and coughing exercises

Conducted before and after surgery

Frequency and duration: 2 times a day 1 week before surgery and after surgery

Before surgery

Breathing exercises: lie down or sit up, pillow under knees, relax muscles in stomach, breathe in
through the nose so stomach puNs up, breathe out through the nose. 10 to 12 times per minute. Pa-
tients monitor themselves

Coughing exercises: after deep breath, use chest and stomach power to cough as much as possible, 2
times daily, 20 times each session, the week before surgery. Breathing machine (Sherwood Voldyne)
controls frequency. The patient can look over the results during exercises. Exercises are to be per-
formed both sitting up and half lying down

After surgery

Day 1: stomach breathing exercise, coughing exercise to get rid of mucus, half lying down, relaxing
whole body

Day 2: both breathing and coughing exercises

• Physical exercise

Lin 2004  (Continued)
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Conducted after surgery. Includes limb stretch/joint exercises and aerobic exercises

Frequency: limb stretch/joint exercises: patients were advised to do this whenever they felt like it at
home; aerobic exercise 2 to 3 times per week

Duration: 3 to 5 minutes limb stretch/joint exercises and 20 to 30 minutes aerobic exercise/session

Purpose: the purpose of the training is to increase endurance and increase pulmonary and cardiac ca-
pacity

At hospital (after surgery)

Day 2: joint exercises with passive arms and switch exercises

Day 3: joint exercises including both arm and leg exercises

Day 4: going out of the hospital, sitting, standing, getting out of bed, walking exercises. Aerobic exercis-
es

At home (after discharge)

Resistance training: stretch arms and legs 3 to 5 minutes equivalent to 5 to 7 metabolic equivalents
(METs) each session. Patients were encouraged to do the exercises whenever possible. The purpose of
the exercises was to increase joint mobility, warm up the body, and relieve chest pressure

Aerobic exercise: consisted of walking slowly uphill, using treadmill or exercise bike at home. Goal of 5
to 7 METs per session

Intensity: not reported

Modality: not relevant

Both groups: follow regular principles and normal procedure for surgery. During surgery, the same
equipment is used for all patients. After surgery, all patients receive the same quantities of analgesics,
antibiotics, and anticoagulants

Comparator

Description: usual care by the hospital's heart doctor

Co-interventions: NR

Outcomes Outcomes (scale measured in)

Postoperative incidence of pulmonary complications after surgery: measured once in all patients in %
of control group and rehabilitation group, respectively, during the 3-month period

Duration of hospitalisation for surgery: days of hospitalisation calculated once after all patients have
been discharged after surgery. The number of days between groups was compared

Body activity energy level: measured at baseline and after 3 months in METs spent, using low strenuous
physical exercises to test pulmonary and cardiac capacity

Besides outcome measurement, the purpose of the test was to determine for which patients the exer-
cise could include potential risk and thus tailor the exercise plan in the most appropriate way

Other outcomes measured

Notes Follow-up: 3 months from procedure

First author involved in patient selection, not in randomisation. Study authors emphasise that cardiac
rehabilitation including physical exercise should be tailored and concrete, based on different patients'
needs, and adjusted if necessary
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Study characteristics

Methods Study design: RCT

No of centres: 1
Country: Sweden
Dates patients recruited: August 2011 and December 2014

When randomised: after surgery

Maximum follow-up (from baseline): 1 year

Participants Inclusion criteria: all adult patients undergoing AVR due to AS

Exclusion criteria: any other concomitant cardiac disease, symptomatic lung disease, or mental or
physical disability possibly limiting participation in the study

N Randomised: total: 12;intervention: 6;comparator: 6
 

Diagnosis (% of pts):

e.g.

Aetiology: (total): HR at rest TG (50 to 93), UC (48 to 91); SBP at rest TG (110 to 145), UC (110 to 170); DBP
at rest (mmHg) TG (60 to 90), UC (70 to 95)

NYHA : NR

LVEF : NR

Case mix: NR

Age (mean ± SD): total: 62.5 (39 to 75); intervention: 58.5 (39 to 75);comparator: 65.5 (60 to 71)

Percentage male: total: 75%; intervention: 83.33%;comparator: 66.67%
 

Ethnicity: NR

Interventions Intervention (exercise-based CR)

Description: the exercise training protocol was designed according to the most recent European posi-
tion paper concerning exercise training in cardiac patients in addition to feasibility over a large span of
age and fitness. Heart rate, workload (Watts), and perceived exertion (Borg RPE scale) were recorded
every 5 minutes, and the workload was adjusted to preserve HR within the given interval according to
the protocol

Time of start after event: 5 to 6 weeks postoperatively

Components: aerobic exercise

Detail of exercise: patients allocated to EX performed heart rate-guided supervised exercise training
on a bicycle ergometer

Modality: bicycle ergometer

Dose of exercise (calculated as overall no. of weeks of training multiplied by mean number of ses-
sions per week multiplied by mean duration of sessions in minutes): 12 x 3 x 20 vigorous aerobic ac-
tivity ± 12 x 5 x 30 light to moderate physical activity

Length of session: not clearly stated but about 45 to 60 minutes
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Frequency/no. of sessions: 3 sessions per week

Intensity: workload was adjusted to preserve HR within the given interval according to the protocol

Resistance training included? NR

Total duration: 12 weeks

Setting: hospital

Supervision: yes, heart rate-guided supervised

Intermittent nurse or exercise specialist support? NR

Co-interventions: NR

Comparator

Description: patients in CON received the same general physical activity recommendations as those
in EX at discharge and were contacted on 3 occasions during the 12 weeks to encourage them to follow
these recommendations and to give them the opportunity to ask any questions connected to recovery
and physical activity

Co-interventions: NR

Outcomes Outcomes (scale measured in): peak VO2 measured during maximal exercise test on a cycle ergome-

ter using cardiopulmonary exercise testing with oxygen uptake

Other outcomes measured

Effect on submaximal cardiopulmonary variables including oxygen uptake kinetics (tau), oxygen up-
take efficiency slope (OUES), and ventilatory efficiency (VE/VCO2 slope)

Notes Follow-up: baseline (i.e. 5 to 6 weeks postoperatively), at the end of the 12-week intervention (i.e. 3
months from baseline), and 1 year hereafter

Study was supported by the Medical Research Council of Southeast Sweden (FORSS) and ALF Grants,
Region Östergötland

Study authors have no conflicts of interest

Nilsson 2019  (Continued)

 
 

Study characteristics

Methods Study design: randomised controlled pilot trial

No of centres: 3
Country: Germany
Dates patients recruited: October 2012 to April 2014

When randomised: 83 ± 34 days (range 42 to 132) after intervention
Maximum follow-up (from baseline): 24 ± 6 months

Participants Inclusion criteria: TAVI within previous 6 months, physically able and clinically stable to perform reg-
ular exercise as judged by study investigators, optimal medical treatment for cardiac and concomitant
diseases, written informed consent. Only patients living within a reasonable distance from the exercise
centre were contacted and were consecutively included in the screening process

Exclusion criteria: patients' decision to undergo TAVI despite receiving a recommendation for SAVR by
the heart team (to avoid inclusion of atypical, low-risk TAVI patients), physical disabilities making regu-
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lar exercise impossible, unstable cardiac conditions (e.g. decompensated heart failure, New York Heart
Association (NYHA) Class IV, severe rhythm disorders), uncontrolled hypertension or diabetes, severe
obstructive pulmonary disease (forced expiratory volume in 1 second b50%). Patients were not includ-
ed in cases of echocardiographic signs of prosthesis dysfunction according to the Valve Academic Re-

search Consortium (valve orifice area of b1.2 cm2 plus mean transaortic pressure gradient ≥ 20 mmHg,
or velocity ≥ 3 m/s, at least moderate paravalvular regurgitation, signs of ischaemia, severe arrhyth-
mias, or haemodynamic deterioration during the initial exercise test)

N Randomised: total: 30;intervention: 13;comparator: 14
 

Diagnosis (% of pts)

e.g.

Aetiology: (total): aortic regurgitation (TG = 53%, UC = 73%), coronary artery disease (TG = 69%, UC =
71%), previous myocardial infarction (TG = 15%, UC = 35%), coronary artery bypass gra) (TG = 23%, UC
= 14%), atrial fibrillation (TG = 54%, UC = 36%), pacemaker/ICD (TG = 15%, UC = 21%), previous cere-
brovascular event (TG = 8%, UC = 21%)

NYHA: TG: Class I: 1 (8), Class II: 10 (77), Class III: 2 (15); UC: Class I: 4 (29), Class II: 6 (42), Class III: 4 (29)

LVEF: TG: 58 ± 8%; UC: 57 ± 10%

Case mix: NR

Age (mean ± SD): total: 81 ± 6; intervention: 81 ± 7;comparator: 81 ± 5

Percentage male: 15/30 (50%): intervention: 47% (N = 7/15);comparator: 53% (8/15)
 

Ethnicity: NR

Interventions Intervention (exercise-based CR)

Description: the training group received combined endurance and resistance exercise starting with 2
exercise sessions during the first week, followed by 3 sessions per week during Weeks 2 to 8. Resistance
training started in Week 2 and was conducted subsequent to the endurance exercise portion in 2 of the
3 weekly workouts

Time of start after event: 81 days ± 27 days post TAVI in the exercise group;

84 days ± 41 days post TAVI in the usual care group

Components: exercise

Detail of exercise: exercise consisted of endurance training on cycle ergometers at moderate intensi-
ties, starting with 20 minutes and gradually increasing to 45 minutes by Week 8. Resistance training oc-
curred after endurance training twice weekly from Week 2

Modality: cycle ergometer

Dose of exercise: (calculated as overall no. of weeks of training multiplied by mean number of ses-
sions per week multiplied by mean duration of sessions in minutes): NR

Length of session: 20 to 45 minutes/session

Frequency/no. of sessions: Week 1: 2/week; Weeks 2 to 8: 2 to 3/week

Intensity : 45% to 70% VO2 peak

Resistance training included: yes + muscular endurance (bench press, rowing, shoulder press, pull-
down, leg press) 1 to 3 sets at 50% to 60% 1 RM

Total duration: 8 weeks
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Setting: hospital

Supervision: Supervised

Intermittent nurse or exercise specialist support? NR

Co-interventions: NR

Comparator

Description: usual care. Not receiving structured exercise

Co-interventions: both groups received usual medical care

Outcomes Outcomes (scale measured in): exercise tolerance assessed by cardiopulmonary testing (VO2 peak),

exercise capacity (6-minute walk distance), HRQoL (KCCQ and SF-12), mortality, all-cause or cardiovas-
cular

Other outcomes measured

Muscular strength with 1 repetition maximum testing, prosthetic aortic valve function with echocardio-
graphy

Notes Follow-up: baseline, 8 weeks after baseline visit, 24 ± 6 months after baseline

This study received grant support from the German Heart Foundation/German Foundation of Heart Re-
search (Frankfurt, Germany; F/14/12). Author BL received financial support from the German Cardiac
Society (Düsseldorf, Germany) via the Otto-Hess-Research-Grant

Conflict of interest: none declared

There were 3 dropouts: 2 from the training group that were unrelated to the intervention (1 had an acci-
dent, 1 had a lethal cerebral haemorrhage) and 1 from the usual care group who was not willing to con-
tinue in the study

Pressler 2016  (Continued)

 
 

Study characteristics

Methods Study design: pilot RCT

No of centres: 1
Country: UK
Dates patients recruited: June 2016 to March 2017

When randomised: 4 weeks after TAVI
Maximum follow-up (from baseline): 6 months post randomisation

Participants Inclusion criteria: severe symptomatic aortic stenosis accepted for TAVI in our institutional Multidisci-
plinary Team Meeting, age ≥ 75 years, able to give written informed consent, in the

Investigator’s opinion able to comply with all study requirements

Exclusion criteria: CR deemed inappropriate due to comorbidity or frailty, life expectancy < 1 year due
to comorbidity, previous AVR or TAVI, predominant aortic regurgitation

N Randomised: total: 27;intervention: 14;comparator: 13
 

Diagnosis (% of pts)

Rogers 2018 

Exercise-based cardiac rehabilitation for adults a�er heart valve surgery (Review)

Copyright © 2021 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.

29



Cochrane
Library

Trusted evidence.
Informed decisions.
Better health.

 
 

Cochrane Database of Systematic Reviews

e.g.

Aetiology: (total): previous MI, n (%), UC 2 (14.3), TG 3 (23.1); history of pulmonary disease, n (%), UC 4
(28.6), TG 3 (23.1); preoperative arrhythmia, n (%), UC 7 (50.0), TG 8 (61.5); previous cardiac surgery, n
(%), UC 3 (21.4), TG 4 (30.8); previous PCI, n (%), UC 5 (35.7), TG 6 (46.2)

NYHA: NR

LVEF: ≥ 50% UC 12 (85.7%), TG 9 (69.2%); 30% to 49% UC 2 (14.3%), TG 3 (23.1%); < 30% UC 0, TG 1
(7.7%)

Case mix: NR

Age (mean ± SD): total: 82.04 ± 4.8; intervention: 82.92 ± 6.0;comparator: 81.21 ± 3.6

Percentage male: total: 44.4%; intervention: 46.2%;comparator: 42.9%
 

Ethnicity: NR

Interventions Intervention (exercise-based CR)

Description: patients randomised to the intervention group underwent a comprehensive biopsychoso-
cial assessment with a member of the exercise team, initiated 1 month post procedure and compris-
ing once-weekly sessions for 60 to 90 minutes for 6 sessions. An individualised programme was pre-
scribed for each patient based on information gained from his/her functional capacity test and discus-
sion around his/her specific goals

Time of start after event: 1 month post procedure

Components: exercise

Details of exercise: comprehensive biopsychosocial assessment comprising once-weekly sessions
for 60 to 90 minutes for 6 sessions. An individualised programme was then prescribed for each patient
based on information gained from his/her functional capacity test and discussion around his/her spe-
cific goals. After each exercise session, each individual’s prescription was reviewed and was altered ap-
propriately for the subsequent session. The intensity of the exercise was progressively increased based
on self-reported BORG intensity. Patients were offered further sessions if able to attend, in line with
our institutional programme and British Association for Cardiovascular Prevention and Rehabilitation
(BACPR) recommendations

Modality: exercise prescription consisted of graduated cardiovascular training and resistance training
(both upper body and lower body) using cardiovascular exercise machines (treadmill and bike) as well
as functional exercise such as ‘sit to stand’

Dose of exercise: (calculated as overall no. of weeks of training multiplied by mean number of ses-
sions per week multiplied by mean number of sessions per week multiplied by mean duration of
sessions in minutes): individualised

Length of session: individualised (avg ± SD: 7.5 ± 4.25) (77% completed 6 sessions; 3 participants com-
pleted 15, 13, and 12 sessions, respectively)

Frequency/no. of sessions: individualised

Intensity: individualised

Resistance training included? yes, + cardiovascular training

Total duration: individualised

Setting: hospital

Supervision: supervised

Intermittent nurse or exercise specialist support? NR
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Co-interventions: both control and intervention groups received routine medical care, which included
an outpatient clinic follow-up appointment, appropriate drug therapy, and concomitant medical man-
agement of co-morbidities according to local practice

Comparator

Description: patients randomised to the control group received SOC according to our institutional pro-
tocols

Co-interventions: both control and intervention groups received routine medical care, which included
an outpatient clinic follow-up appointment, appropriate drug therapy, and concomitant medical man-
agement of co-morbidities according to local practice

Outcomes Outcomes (scale measured in): exercise capacity measured by 6-minute walk test (6MWT), Notting-
ham Activities of Daily Living (ADL; scale of 0 for least activity to 22 for most activity), FRIED Frailty score
(0 = not frail, 1 to 2 = pre-frail, 3 = frail), Edmonton Frailty Score (9 domains, scale of 0 for non-frail to 17
for severely frail), and Hospital Anxiety and Depression Scores (HADS, 0 to 7 normal, 8 to 10 borderline,
11 to 21 abnormal) score

Other outcomes measured

Thirty-eight separate post-TAVI patients completed the KCCQ with mean clinical summary score in a
substudy

Notes Follow-up: baseline (pre-randomisation), 3 months and 6 months post randomisation

The RECOVER-TAVI trial was funded through a pump priming grant from the Royal Brompton & Hare-
field NHS Foundation Trust Biomedical Research Unit

Conflicts of Interest: MD has received research grants, consultancy and proctorship fees from Astra
Zeneca, Eli Lilly, Abbott Vascular, Daiichi Sankyo, Daiichi Sankyo, Lilly Alliance, Abbott Vascular, Sanofi,
Medtronic, Boston Scientific, Edwards Lifesciences. NM has received honoraria, consultancy and proc-
torship fees from Abbott Vascular, Medtronic, and Edwards Lifesciences. MS has received research
grants, consultancy and proctorship fees from Medtronic, Edwards Lifesciences, St Jude (now Abbott
Vascular), and Boston Scientific. RST is the lead for the ongoing portfolio of Cochrane Reviews of car-
diac rehabilitation. RST is a named scientific advisor for ongoing National Institutes of Health and Care
Excellence (NICE) updated clinical guidelines for management of heart failure (CG108). HP is a member
of the British Association for Cardiovascular Prevention and Rehabilitation (BACPR) and the Association
of Chartered Physiotherapists in Cardiac Rehabilitation (ACPICR). HP chaired the referenced ACPICR
Working Group for the national standards document

Thirteen control group patients completed the study assessment. Ten in the 13 intervention group
completed the CR and assessment; 3 were too unwell to do so; and all patients were followed up

Rogers 2018  (Continued)

 
 

Study characteristics

Methods Study design: randomised controlled trial

No of centres: 1
Country: Denmark
Dates patients recruited: 17 February 2012 and 7 May 2014

When randomised: after baseline outcome assessment
Maximum follow-up (from baseline): 24 months (but data for 12 and 24 months recorded elsewhere)

Participants Inclusion criteria: elective right-sided or le)-sided heart valve surgery, age ≥ 18 years, able to speak
and understand Danish, ability to provide informed written consent
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Exclusion criteria: known ischaemic heart disease before surgery, current recruitment to other reha-
bilitation trials or participating in trials precluding patients from participating, expected to not cooper-
ate according to trial instructions, diseases in the musculoskeletal system, comorbidity complicating
physical activity, competitive sports, and pregnancy and/or breastfeeding

N Randomised: total: 147;intervention: 72;comparator: 75
 

Diagnosis (% of pts)

e.g.

Aetiology: (total): atrial fibrillation 21% (intervention), 85% (control); symptoms before surgery are self-
reported and include dyspnoea, angina pectoris, palpitations, and decreased physical activity level –
92% (intervention), 92% (control)

NYHA: intervention NYHA Class I to II: 74%, Class III to IV: 26%; control NYHA Class I to II: 69%, Class III to
IV: 31%

LVEF: intervention 55 ± 9.6 (89%); control 54 ± 10.2 (85%) ADD

Case mix: cardiac rehab group – aortic valve surgery 46 (64%), mitral valve surgery 27 (38%), pulmonal
and tricuspid valve surgery 1 (1.4%)

Control group – aortic valve surgery 45 (60%), mitral valve surgery 26 (35%), pulmonal and tricuspid
valve surgery 2 (3%)

Age (mean ± SD): total: 62; intervention: 62.0 ± 11.5;comparator: 61.0 ± 9.9

Percentage male: total: 76% (112/147); intervention: 82% (59/82);comparator: 71% (53/75)
 

Ethnicity: NR

Interventions Intervention (exercise-based CR)

Description: exercise comprising 3 weekly exercise sessions for 12 weeks

Time of start after event: 1 month after surgery

Components: exercise

Detail of exercise: the programme consisted of graduated cardiovascular training (based on intensity
on the Borg Scale, with progressively increasing intensity during the 12 weeks) and strength exercises
(lower body exercises)

Modality: exercise training combining aerobic and resistance training

Dose of exercise: (calculated as overall no. of weeks of training multiplied by mean number of ses-
sions per week multiplied by mean duration of sessions in minutes): NR

Length of session: 40 minutes/session (including 10-minute warm-up/10-minute cool-down)

Frequency/no. of sessions: 3 sessions/week

Intensity : 13 to 17 on Borg Scale

Resistance training included? yes, strength training for lower body (60% to 70% 1 RM)

Total duration: 12 weeks

Setting: home and hospital or local study protocol-certified supervised facility

Supervision: hospital supervised, home unsupervised (had contact with a physiotherapist when indi-
cated)
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Intermittent nurse or exercise specialist support? NR

Co-interventions: monthly psychoeducational consultations

Comparator

Description: all patients were provided early mobilisation immediately following surgery as part of
usual care. Participants were not allowed to participate in a physical exercise programme

Co-interventions: none

Outcomes Outcomes (scale measured in): exercise capacity (measured by VO2 peak) and self-reported mental

health (measured by Short Form-36), 6MWT

Other outcomes measured

Notes Follow-up: baseline; then 1, 4, and 6 months after randomisation

The Danish Strategic Research Foundation (10-092790); the Heart Centre Research Council, Rigshospi-
talet; Familien Hede Nielsen Foundation (2013-1226); National Institutes of Public Health, University of
Southern Denmark; Region Zealand Health Research Foundation, Denmark (12-000095/jun2014). Fun-
ders had no influence on trial design, execution of the trial, nor interpretation of data

Conflicts of interest: none declared

Due to pitfalls (such as calibration errors, flow errors, and mask leakage), 16 tests were estimated, with
no overrepresentation in either randomisation group, using the following estimation equation: VO2 =

10.8 × (Watt max/weight) + 3.5. Estimation was validated on all measurements and was compared with
non-estimated values; the equation generally underestimated the VO2 peak value

Two serious adverse events were reported in the intervention group versus 1 in the control group at 6
months. Serious adverse events in the intervention group were evaluated as not caused by the inter-
vention (1 with postsurgical cardiac tamponade and 1 with heart failure-related re-admission). Eleven
of 72 (15.3%) in the intervention group versus 3 of 75 (4.0%) in the control group had self-reported non-
serious adverse events (P = 0.02). These events were caused primarily by musculoskeletal problems
and were related to exercise training in general

7 patients dropped out of the intervention group, and 11 dropped out of the control group due to com-
plications after surgery and withdrawal of consent

Sibilitz 2016  (Continued)

 
 

Study characteristics

Methods Study design: prospective randomised study

No of centres: 1 trial centre but 2 patients received training at local hospital
Country: Norway
Dates patients recruited: NR

When randomised: 2 months after operation
Maximum follow-up (from baseline): 12 months

Participants Inclusion criteria: had isolated aortic valve replacement and could tolerate and perform a physical
training programme

Exclusion criteria: signs and symptoms of other heart disease, over 60 years of age, disease in the lo-
comotor system, obvious mental ailments or social disturbances (e.g. alcoholics). Male patients with

heart volumes exceeding 750 mL m-2 BSA and females with hearts larger than 650 mL m-2 BSA were al-
so excluded
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N Randomised: total: 44;intervention: 21;comparator: 23
 

Diagnosis (% of pts)

e.g.

Aetiology: (total): 27.3% due to aortic stenosis (n = 12), 31.8% due to aortic insufficiency (n = 14), 40.9%
due to combined aortic stenosis and insufficiency (n = 18)

NYHA: NR

LVEF: NR

Case mix

Age (mean ± SD): total: NR; intervention: 45.5 ± 11.7;comparator: 45.5 ± 12.2

Percentage male: total: male 36, female 8; intervention: male 18, female 3; comparator: male 18, fe-
male 3
 

Ethnicity: NR

Interventions Intervention (exercise-based CR)

Description: exercise was divided into 2 phases: centre-based training (consisting of several types of
exercise + 30-minute cooling down period at the end), and home-based training (consisting of a few
simple daily exercises)

Time of start after event: 2 months after surgery

Components: exercise

Detail of exercise: started with 15-minute bicycle warm-up session, then short programme of 30 min-
utes (with 20 different arm and leg exercises of 1 to 2 minutes each). Calisthenics of alternative heavy
(e.g. jogging, jumping) or light (e.g. rocking sit-ups, arm flinging at slow speeds) exercises were then
carried out for 1 hour, followed by playing volleyball for 30 minutes and a 1-hour break. Selected exer-
cises from the above were then repeated, before the session concluded with a 30-minute cooling down
period

Modality: bicycle ergometer + aerobics + calisthenics

Dose of exercise: (calculated as overall no. of weeks of training multiplied by mean number of ses-
sions per week multiplied by mean duration of sessions in minutes): NR (centre) + NR (home)

Length of session: 3 to 4 hours

Frequency/no. of sessions: daily

Intensity: individualised to patient (upper pulse limit during training was adjusted to 85% to 90% of-
 maximal heart rate obtained at initial exercise test)

Resistance training included: yes, isometric arm and leg exercises

Total duration: 4 weeks

Setting: home/hospital/Internet delivery or combination: hospital + home

Supervision: supervised/unsupervised/not reported: centre-based supervised, home-based not su-
pervised

Intermittent nurse or exercise specialist support? NR

Co-interventions: NR

Sire 1987  (Continued)
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Comparator

Description: patients were not encouraged to start any systematic training (no patients started this).
Patients reported moderate daily physical activity at each control visit

Co-interventions: NR

Outcomes Outcomes (scale measured in): return to work, exercise capacity (cumulated work, i.e. work per-
formed + workload)

Other outcomes measured

Physical work capacity

Notes Follow-up at 2, 6, and 12 months

• In training group, 3 patients did not perform the exercise test at the end of the training period (i.e. at
3 months after surgery) for non-medical reasons, and 1 patient did not attend the 12-month control

• In the control group, 2 patients were unable to participate 7.5 and 8 months following surgery due
to a non-fatal thromboembolic episode, and 1 patient did not come to the 12-month review for non-
medical reasons

• Only 15 male participants from the training group and 16 male participants from the control group
were included in the exercise capacity assessments, as females could not reach the highest compara-
ble workload (100W)

Sire 1987  (Continued)

 

Characteristics of excluded studies [ordered by study ID]

 

Study Reason for exclusion

Amat Santos 2012 Patient population not appropriate. Conference paper

Bakhshayesh 2018 Population

Batra 2012 Not a randomised trial

Brosseau 1995 Patient population not appropriate

Cargnin 2019 Inappropriate intervention

Chambers 2005 Letter to the Editor; not a randomised trial

Chan 2012 Not a randomised trial (systematic review of effectiveness of qigong in cardiac rehabilitation)

CTRI 2017 Inappropriate Intervention

de Charmoy 2000 Intervention not appropriate (chest physiotherapy)

Deepa 2018 Not an RCT

Dull 1983 Patient population not appropriate

Editorial 2018 Editorial to paper that compares CR referral and outcomes in TAVR vs SAVR patients

Fang 2002 Inappropriate intervention (rehabilitation guidance at 24 hours after surgery and QoL measure)
and unclear patient population (including both patients with rheumatic heart disease and patients
after valve replacement)
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Study Reason for exclusion

Ferreira 2009 Intervention not appropriate (inspiratory breathing exercises)

Fontes Cerqueira 2018 Inappropriate intervention

Gaita 1999 Patient population not appropriate (randomisation method and study population unclear)

Ghalamghash 2008 Not a randomised trial

Gortner 1988 Intervention not appropriate (nursing intervention, no physical exercise)

Green 2013 Not a randomised trial

Grunewald 1971 Not a randomised trial

Ha 2011 Not a randomised trial. Not possible to obtain full paper

Hokanson 2011 Letter to the Editor; not a randomised trial

Hui 2006 Patient population not appropriate

Jairath 1995 Not a randomised trial (non-randomised cluster trial)

Johnson 1996 Intervention not appropriate (physical intervention in control group)

Kardis 2007 Not a randomised trial (a randomised case control study)

Kassirskii 1983 Not a randomised trial (an observational study)

Kassirskii 1991 Not a randomised trial

Kodric 2013 Patient population not appropriate (patients after all kinds of major cardiac surgery)

Kübler 1984 Patient population not appropriate

Liao 2004 Intervention not eligible (no physical intervention, only psychological and behavioural interven-
tions)

Lim 1998 Patient population not appropriate

Martsinkiavichus 1980 Not a randomised trial

McDermott 2019 Inappropriate intervention

Nagashio 2003 Patient population not appropriate

Nehyba 2009 Not a randomised trial (a non-randomised cluster trial); patient population including patients with
coronary artery bypass surgery

Newell 1980 Not a randomised trial (a non-randomised cluster trial)

Patel 2019 Investigators were looking into the rate of CR enrolment in the studied population

Peng 2018 Inappropriate population

Petrunina 1980 Not a randomised trial
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Study Reason for exclusion

Prasciene 2019 Inappropriate intervention

Pressler 2015 Conference abstract for included study

RBR-8swgc3 2017 Inappropriate intervention

Rizwan 2012 Not a randomised trial

Rogers2018 Conference abstract for included study

Roseler 1997 Not a randomised trial and inappropriate patient population

Rosenfeldt 2011 Patient population not appropriate (patients with valve surgery and coronary artery bypass gra)
surgery)

Royse 2015 Inappropriate intervention

Song 2019 Non-RCT

Stoickov 2018 Outcomes

Sumide 2009 Not a randomised trial

Tang 2019 The only RCT of interest in this study is the one that has been updated

Therrien 2003 Patient population not appropriate (repaired tetralogy of Fallot)

Ueshima 2004 Not a randomised trial

Viana 2018 Not an RCT

Weber 2019 Inappropriate intervention

Widimsky 2009 Patient population not appropriate (patients with acute myocardial infarction)

Yan 2016 Not an RCT

Yau 2018 Inappropriate intervention

CR: cardiac rehabilitation.
QoL: quality of life.
RCT: randomised controlled trial.
SAVR: surgical aortic valve replacement.
TAVR: transcatheter aortic valve replacement.
 

Characteristics of ongoing studies [ordered by study ID]

 

Study name A pragmatiC sTrategy to Promote actIVity and Enhance Quality of Life AFTER Transcatheter Aortic
Valve Replacement (ACTIVE AFTER TAVR): a pilot study

Methods Parallel-assignment RCT

ACTIVE AFTER TAVR 2017 
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Participants Subjects who have been treated commercially with TAVR with a SAPIEN 3 valve and are being dis-
charged to home

Interventions Active comparator: no resistance exercise and no activity goal arm; blinded use of Fitbit with no
daily activity goal and no resistance exercises

Experimental: resistance exercise and activity goal arm; unblinded use of Fitbit with daily activity
goal (steps per day) and resistance exercises

Outcomes Primary outcome measures

• Average daily steps [Time Frame: randomization to 6 weeks, average daily steps over the inter-
vention period]

• Short physical performance battery score [Time Frame: 6-week value, adjusted for baseline value,
combination of gait speed, balance test, and chair-to-stand test at end of intervention]

• Quality of life as measured with KCCQ Overall Summary Score [Time Frame: 6-week value, adjust-
ed for baseline value, KCCQ overall summary score]

Secondary outcome measures

• 5-meter gait time at end of intervention period [Time Frame: randomisation to 6 weeks, 5-meter
gait time at end of intervention period, adjusted for baseline]

• Chair sit-to-stand test [Time Frame: 6-week value, adjusted for baseline value, time to complete
5 chair stands]

• Balance test score at end of intervention period [Time Frame: randomisation to 6 weeks, balance
test score at end of intervention period, adjusted for baseline]

• 6-minute walk [Time Frame: 6-week value, adjusted for baseline value, 6-minute walk distance at
end of intervention period]

• Handgrip [Time Frame: 6-week value, adjusted for baseline value, handgrip strength'

• Average number of hours per day with 250 or more steps [Time Frame: randomisation to 6 weeks,
average number of hours per day with 250 or more steps over intervention period]

• Average global physical health as assessed by PROMIS Global Health 10 Short Form [Time Frame:
randomisation to 6 weeks, average global physical health as assessed by PROMIS Global Health
10 Short Form over intervention period]

• Average global mental health as assessed by PROMIS Global Health 10 Short Form [Time Frame:
randomisation to 6 weeks, average global mental health as assessed by PROMIS Global Health 10
Short Form over intervention period]

• Physical function as assessed by NIH PROMIS computerised adaptive test [Time Frame: randomi-
sation to 6 weeks, physical function as assessed by NIH PROMIS computerised adaptive test, ad-
justed for baseline]

• Depression as assessed by NIH PROMIS computerised adaptive test [Time Frame: randomisation
to 6 weeks, depression as assessed by NIH PROMIS computerised adaptive test, adjusted for base-
line]

• Fatigue as assessed by NIH PROMIS computerised adaptive test [Time Frame: randomisation to 6
weeks, fatigue as assessed by NIH PROMIS computerised adaptive test, adjusted for baseline]

• Dyspnoea as assessed by NIH PROMIS computerised adaptive test [Time Frame: randomisation to
6 weeks, dyspnoea as assessed by NIH PROMIS computerised adaptive test, adjusted for baseline]

• Daily active minutes (total) [Time Frame: randomisation to 6 weeks, average daily active minutes
(total)

• Daily active minutes of moderate to high intensity [Time Frame: randomisation to 6 weeks, aver-
age daily minutes of moderate to high intensity]

• Sedentary minutes [Time Frame: randomisation to 6 weeks, average daily sedentary minutes]

• Daily steps [Time Frame: 6 weeks post baseline to end of study, average daily steps]

• Daily active minutes (total) [Time Frame: 6 weeks post baseline to end of study, average daily
active minutes (total)]

• Daily active minutes of moderate to high intensity [Time Frame: 6 weeks post baseline to end of
study, average daily active minutes of moderate to high intensity]

ACTIVE AFTER TAVR 2017  (Continued)
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• Daily sedentary minutes [Time Frame: 6 weeks post baseline to end of study, average daily seden-
tary minutes]

• KCCQ Overall Summary Score [Time Frame: 6 weeks post baseline to end of study, KCCQ overall
summary score, adjusted for baseline]

• Global physical health [Time Frame: 6 weeks post baseline to end of study, global physical health
as assessed by PROMIS Global Health 10 Short Form, adjusted for baseline]

• Global mental health [Time Frame: 6 weeks post baseline to end of study, global mental health as
assessed by PROMIS Global Health 10 Short Form, adjusted for baseline]

Starting date 7 November 2017

Contact information Brian Lindman, Associate Professor, Vanderbilt University Medical Center

Notes Estimated enrolment: 85 participants. Estimated study completion date: August 2020

Location: Massachusetts General Hospital, Dartmouth-Hitchcock Medical Center, Atlantic Health -
Morristown Medical Center, Vanderbilt University Medical Center, University of Utah

ACTIVE AFTER TAVR 2017  (Continued)

 
 

Study name Exercise training after transcatheter aortic valve implantation

Methods Parallel-assignment RCT

Participants Patients after transcatheter aortic valve replacement (TAVI)

Interventions Continuous exercise training 2 times per week for a period of 12 weeks

Patients will undergo moderate continuous exercise training at 75% of VO2 max

Outcomes Primary

• Change in maximal oxygen uptake during exercise [Time Frame: 3 months, mL/kg/min]

Secondary

• Change in flow-mediated dilatation (FMD) of the brachial artery [Time Frame: 3 months, % flow-
mediated dilatation and arterial stiffness]

• Change in arterial stiffness coefficient [Time Frame: 3 months, coefficient]

• Change in value of blood N terminal-proBNP [Time Frame: 3 months, ng/L]

• Change in value of blood D-dimer [Time Frame: 3 months, microg/L]

• Change in value from questionnaire-obtained quality of life [Time Frame: 3 months, points]

• Change in ECG waves [Time Frame: 3 months, estimated with digital high-resolution ECG]

• Change in result of the 6-minute walking test [Time Frame: 3 months, metres]

• Change in heart rate variability [Time Frame: 3 months, estimated with digital high-resolution
ECG]

Other outcome measures

• Change in heart rate recovery [Time Frame: 3 months, beats/min]

Starting date 18 June 2019

Contact information luka.vitez@gmail.com borut.jug@kclj.si

Notes Estimated enrolment: 40 participants. Estimated study completion date: December 2020

Exercise Training A�er TAVI 
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Location: UMC Ljubljana Slovenia
Exercise Training A�er TAVI  (Continued)

 
 

Study name The effects of stage I cardiac rehabilitation on cardiopulmonary function in patients undergoing
open heart surgery: a randomized controlled study.

Methods Randomised parallel controlled trial

Participants Adults after open heart surgery

Interventions General exercise rehabilitation group: general exercise rehabilitation 

Intensive exercise rehabilitation group: intensive exercise rehabilitation

Outcomes Primary

• PVO2

Secondary

• Peak cardiac output

• Resting cardiac output

• Cardiac NYHA grading

• Echocardiography

Starting date 1 July 2017

Contact information 29611290@qq.com; liubomiao424@sina.cn

Notes Estimated enrolment: general exercise rehabilitation group: 60; intensive exercise rehabilitation
group: 60

Estimated study finish date: 31 March 2020

Location: Fuwai Hospital; Chinese Academy of Medical Sciences, Beijing, China

Feng 2019 

 
 

Study name Impact of home-based cardiac rehabilitation on outcomes after TAVR (HBCR-TAVR)

Methods Parallel-assignment RCT

Participants Chinese patients after transcatheter aortic valve replacement (TAVR)

Interventions Placebo comparator: control group: routine care

Experimental: intervention group: home-based cardiac rehabilitation

Outcomes Primary outcome measures

• 6-minute walk test [Time Frame: 6 weeks, total distance walked in meters during 6 minutes]

Secondary outcome measures

HBCR-TAVR 2019 
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• Number of participants to die [Time Frame: 6 weeks, 12 months, number of participants who die
during the study due to cardiovascular or non-cardiovascular causes]

• Number of participants re-hospitalised [Time Frame: 6 weeks, 12 months, number of participants
re-hospitalised during the study]

• Number of participants completing home-based cardiac rehabilitation [Time Frame: 6 weeks,
number of participants completing home-based cardiac rehabilitation]

• Cardiac function [Time Frame: 12 months, ejection fraction estimated by echocardiography]

• Aortic valve function [Time Frame: 12 months, aortic valve function estimated by echocardiogra-
phy]

• Number of participants injured [Time Frame: 6 weeks, number of participants injured or dying
during the course of home-based cardiac rehabilitation]

• Time spent performing activities [Time Frame: 6 weeks, 12 months, number of minutes in a typical
week that participants spent performing activities]

• 6-minute walk test [Time Frame: 12 months, total distance walked in meters during 6 minutes]

Starting date 9 May 2020

Contact information Xiaoya Wang, 15715702712

wxyonce@zju.edu.cn

Notes Estimated enrolment: 300 participants. Estimated study completion date: 31 December 2023

Locations: Second Affiliated Hospital of Zhejiang University, School of Medicine, Hangzhou, Zhe-
jiang, China, 310000

HBCR-TAVR 2019  (Continued)

 
 

Study name Post Cardiac Valvular Surgery Rehabilitation (PORT)

Methods Parallel-assignment RCT

Participants Chinese patients after heart valve surgery

Interventions No intervention: conventional treatment group: this arm will receive usual care

Cardiac rehabilitation: cardiac rehabilitation consists of exercise rehabilitation, psychological
counselling, and dietary guidance

Rehabilitation starts preoperatively with education and exercise management. After screening with
cardiopulmonary exercise test, the participant will receive daily preoperative exercise rehabilita-
tion till surgery. This lasts for 20 minutes per day, starting with a 40% to 60% anaerobic threshold
and gradually advancing to 80%. Each patient was motivated to adhere to the basic protocol, but
individual adjustments were allowed in case of slower progress. Physical exercise starts 1 month
postoperatively after the first cardiopulmonary exercise testing and comprises the following 3 ele-
ments: individual planning of physical exercise, a specially trained physiotherapist conduction, and
integrating of detailed information concerning medical treatment and diet. The exercise diary and
the heart rate monitor recordings are essential for monitoring during the whole intervention

Outcomes Primary outcomes

• Composite endpoint of in-hospital all-cause death, pulmonary complications, and ratio of post-
operative hospitalisation longer than 7 days  [Time Frame: through hospitalisation (up to 2
months), composite of in-hospital all-cause death and pulmonary complications, such as pul-
monary infection, postoperative hospitalisation days]

• Postoperative duration of hospitalisation [Time Frame: through hospitalisation (up to 2 months),
length of hospital stay]

Post Cardiac Valvular Surgery Rehabilitation (PORT 
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Secondary outcomes

• Incidence of all-cause death in 3 months [Time Frame: 3 months, incidence of all-cause death at
3-month follow-up]

• Incidence of pulmonary complications in 3 months [Time Frame: 3 months, incidence of pul-
monary complications, such as pulmonary infection at 3-month follow-up]

• Individualised Short Form-36 (SF-36) living quality scores in 3 months [Time Frame: 3 months,
scores from self-administered SF-36 living quality questionnaire are measured. Higher mean
scores reflect better outcomes]

• VO2 peak in 3 months [Time Frame: 3 months, peak oxygen consumption at cardiopulmonary ex-

ercise test is measured through a metabolic cart during a graded exercise test on a treadmill at
3 months' follow-up]

• Length of ICU treatment [Time Frame: through hospitalisation (up to 2 months), total length of
treatment at intensive care unit]

• Total length of in-hospital stays [Time Frame: through hospitalisation (up to 2 months), total
length of in-hospital stays]

• Length of bed rest [Time Frame: through hospitalisation (up to 2 months), length of bed rest] De-
scription: postoperative duration of bed rest until oN-bed activity supervised by rehabilitation
therapists

• Total postoperative cost of medical expenses [Time Frame: through hospitalisation (up to 2
months), total postoperative cost of medical expenses]

• Incidence of treatment-emergent adverse events [Emerging Arrhythmia or/and Muscle Injury or/
and Acute Heart Failure] [Time Frame: through hospitalisation (up to 2 months), evaluation of
treatment-emergent adverse events during hospitalisation: Emerging Arrhythmia or/and Muscle
Injury or/and Acute Heart Failure]

Starting date 1 January 2018

Contact information Jiyan Chen, MD; 02083827812; chenjiyandr@126.com

Notes Estimated enrolment: 800 participants. Estimated study completion date: 30 December 2021

Locations: Guangdong General Hospital, China

Post Cardiac Valvular Surgery Rehabilitation (PORT  (Continued)

 
 

Study name Physiological reconditioning program administered remotely in patients undergoing transcatheter
aortic valve replacement pilot study

Methods Parallel-assignment RCT

Participants Frail adults undergoing transcatheter aortic valve replacement (TAVR) procedures

Interventions Patients assigned to intervention arm will be provided a personalised, tailored, and graduated ex-
ercise programme to improve physical strength and conditioning

Outcomes Primary

• Quality of life (QoL) [Time Frame: 1 year]

Quality of life as assessed by the Kansas City Cardiomyopathy Questionnaire (KCCQ). KCCQE is a
23-item self-administered questionnaire developed to independently measure patients' percep-
tions of their health status, which includes heart failure symptoms, impact on physical and social
function, and how their heart failure impacts their quality of life (QoL) within a 2-week recall peri-
od. KCCQ responses are provided along a rating scale continuum with equal spacing from worst to
best

PREPARE TAVR Pilot Study 
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Secondary

• LOS [Time Frame: index hospitalisation, length of stay post TAVR]

• MACE [Time Frame: 1 year, composite of mortality and repeat hospitalisation]

Starting date 1 February 2019

Contact information Syed Ishba; syedi@smh.ca

Notes Estimated enrolment: 160 participants. Estimated study finish date: 31 March 2021

Location: St. Michael's Hospital, Toronto

PREPARE TAVR Pilot Study  (Continued)

 
 

Study name Home-based exercise program for recovery after transcatheter aortic valve replacement: a pilot
study

Methods Parallel-assignment RCT

Participants Older adults after TAVR

Interventions Experimental: exercise and cognitive-behavioural intervention. A physical therapist will make
home visits, beginning within 1 week of discharge, to deliver an individualised exercise programme
and cognitive-behavioural interventions

Experimental: exercise alone. A physical therapist will make home visits, beginning within 1 week
of discharge, to deliver an individualised exercise programme, without cognitive-behavioural inter-
ventions

Active comparator: attention control education programme. Participants will receive tele-
phone-based education sessions from a study health professional

Outcomes Primary outcome measure

• Change in Late-Life Function and Disability Instrument (LLFDI) score [Time Frame: at baseline and
at Week 8, LLFDI is a validated patient-reported outcome questionnaire that measures both func-
tional limitations (inability to perform physical tasks) and disability (inability to perform major life
tasks and social roles) (range 0 to 100)]

Secondary outcome measures

• Change in Short Physical Performance Battery (SPPB) summary score [Time Frame: at baseline
and at Week 8, summary score is calculated based on chair stands, walking speed, and standing
balance (range 0 to 12)]

• Change in 2-minute walk distance (meters) [Time Frame: at baseline and at Week 8, 2-minute walk
distance measures endurance]

• Change in dominant handgrip strength (kg) [Time Frame: at baseline and at Week 8, dominant
handgrip strength measures upper extremity strength]

• Number of participants who experienced adverse events [Time Frame: at Week 8]

Other outcome measures

• Change in Mini-Mental State Examination (MMSE) score [Time Frame: at baseline and at Week 8,
MMSE is an instrument that assesses general cognitive function]

• Change in New York Heart Association (NYHA) functional class [Time Frame: at baseline and at
Week 8, NYHA assesses the extent of physical activity limitation due to heart failure]

REHAB-TAVR 2017 
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• Change in Self-Efficacy Scale for Exercise (SEE) [Time Frame: at baseline and at Week 8, SEE Scale
measures self-efficacy about exercise (range 0 to 90)]

• Change in Outcome Expectation Scale for Exercise (OEE) [Time Frame: at baseline and at Week 8,
OEE Scale measures outcome expectation about exercise (range 1 to 5)]

• Adherence to home-based exercise programme [Time Frame: at Week 8, proportion of days with
completed daily task during entire study period will be measured]

Starting date 1 August 2017

Contact information Dae Hyun Kim, Associate Physician, Brigham and Women's Hospital

Notes Estimated enrolment: 60 participants. Estimated study completion date: 31 May 2020

Location: United States, Massachusetts

REHAB-TAVR 2017  (Continued)

 
 

Study name Personalized intervention to increase physical activity and reduce sedentary behaviour in rehabili-
tation after cardiac operations (the PACO trial)

Methods Parallel-assignment RCT

Participants Coronary artery disease, aortic valve stenosis, and mitral valve insufficiency patients preparing for
elective coronary artery bypass grafting (CABG), aortic valve replacement (AVR), or mitral valve re-
pair (MVR)

Interventions The group of aortic valve stenosis patients receiving the PACO intervention for AVR/MVR patients
besides the standard postoperative rehabilitation of Kuopio and Turku University Hospitals after
aortic valve replacement. The PACO intervention includes activity guidance (i.e. goals to improve
daily steps and physical activity levels, while reducing prolonged sitting) provided to patients with
the novel combination of ExSed application, MoveSense accelerometer, and cloud system. In addi-
tion, exercise guidance (short video files) and regular mobile phone contacts from physiotherapist
will be included in the intervention

Outcomes Primary outcome

• Improvement in mean daily number of steps [Time Frame: improvement between baseline (dur-
ing last preoperative month) and first 3 (and 12) months after discharge]

Improvement in mean daily number of steps after 3 months from discharge. In addition, follow-up
will be continued until 12 months after discharge. Baseline values of mean daily number of steps
will be determined in a 7-day accelerometer measurement conducted for patients before elective
cardiac operation. Mean daily number of steps after the first 3 and 12 months of postoperative re-
habilitation at home will be also determined in 7-day (24-hour) accelerometer measurements. Raw
accelerometer data will be analysed with mean amplitude deviation and angle for posture estima-
tion algorithms to recognise daily steps for the 7 days for which average will be calculated for each
study patient

Secondary outcomes

• Change in mean daily accumulated total time of light PA and MVPA [Time Frame: change be-
tween baseline (during last preoperative month) and first 3 months after discharge, postoperative
change in patient's mean daily accumulated total time of light and moderate to vigorous physical
activity]

• Change in mean daily total time of sedentary behaviour (SB) [Time Frame: change between base-
line (during last preoperative month) and first 3 months after discharge, postoperative change in
patient's mean daily total time of SB]

The PACO Trial 
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• Change in maximal oxygen consumption [Time Frame: change between first and third months
after discharge, evolvement of patient's maximal oxygen consumption (VO2 peak) will be deter-

mined in 6-minute walking test, conducted for patients twice (after 1 and 3 months) postopera-
tively. Only some of the randomised patients coming from city areas of Kuopio and Turku will be
included for measurements of maximal oxygen consumption

• Improvement in self-perceived quality of life (QoL) assessed with SAQ-7 questionnaire [Time
Frame: improvement between baseline (during last preoperative month) and first 3 months after
discharge, improvement in patient's postoperative quality of life after 3 months of rehabilitation;
quality of life will be determined with Seattle Angina Questionnaire 7 (SAQ-7)]

• Improvement in self-perceived quality of life (QoL) assessed with SF-36 questionnaire [Time
Frame: change between baseline (during last preoperative month) and first 3 months after dis-
charge, improvement in patient's postoperative quality of life after 3 months of rehabilitation;
quality of life will be determined with SF-36 questionnaire]

• Improvement in self-perceived quality of life (QoL) assessed with 15 D questionnaire [Time Frame:
improvement between baseline (during last preoperative month) and first 3 months after dis-
charge, improvement in patient's postoperative quality of life after 3 months of rehabilitation;
quality of life will be determined with 15 D questionnaire]

• Improvement in self-perceived quality of life (QoL) assessed with PHQ-2 questionnaire [Time
Frame: improvement between baseline (during last preoperative month) and first 3 months after
discharge, improvement in patient's postoperative quality of life after 3 months of rehabilitation;
quality of life will be determined with PHQ-2 questionnaire]

• Improvement in self-perceived quality of life (QoL) assessed with Rose Dyspnoea Index [Time
Frame: improvement between baseline (during last preoperative month) and first 3 months after
discharge, improvement in patient's postoperative quality of life after 3 months of rehabilitation;
quality of life will be determined with Rose Dyspnoea Index]

• Incidence of major cardiovascular events [Time Frame: first 12 postoperative months, major car-
diovascular events include all-cause mortality, any re-hospitalisations due to CVD, repeat coro-
nary re-vascularisation, non-operational myocardial infarction, and stroke. The incidence of ma-
jor cardiovascular events will be monitored from patient records at the hospitals and from HILMO
database during the first 12 postoperative months. In addition, patients will be asked about car-
diovascular events during research telephone contact (after 12 months of rehabilitation)]

• Change in accelerometer-derived portion of deep sleep [Time Frame: change between baseline
(during last preoperative month) and first 3 months after discharge, change in patient's deep sleep
portion after cardiac operations. Deep sleep will be recognised with accelerometer attached to
patient's wrist during sleep. Accelerometer will be used during 7 days]

• Change in heart rate variability [Time Frame: change between baseline (during last preoperative
month) and first 3 months after discharge, change in heart rate variability]

Starting date 6 April 2018

Contact information villevas@uef.fi ; jari.halonen@kuh.fi

Notes Specific operation groups (CABG, AVR, and MVR) will be analysed separately

Estimated enrolment: 540 participants. Estimated study completion date: 1 March 2028

Location: Kuopio University Hospital, Kuopio, Finland, 70029

The PACO Trial  (Continued)

 
 

Study name Physical activity in patients after aortic valve replacement (Valve-ex) [influence of regular physical
activity on exercise capacity, cardiac remodeling and endothelial function in patients after aortic
valve replacement]

Methods Parallel-assignment RCT

Valve-ex 2009 
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Participants Patients after aortic valve replacement due to severe stenosis

Interventions Active comparator: training group: physical activity

B controls: no intervention

Outcomes Maximum oxygen uptake

Starting date 12 March 2009

Contact information Technische Universität München

Notes Estimated enrolment: 30 participants. Estimated study completion date: not reported

Location: Department of Prevention and Sports Medicine, Technische Universität München,
München, Bavaria, Germany, 80802

Valve-ex 2009  (Continued)

 
 

Study name A study of the impact of home-based cardiac rehabilitation on outcomes after transcatheter aortic
valve replacement (TAVR)

Methods Parallel-assignment RCT

Participants Adult Chinese patients after transcatheter aortic valve replacement (TAVR)

Interventions Placebo comparator; control group: routine care; experimental group/interventional group: home-
based cardiac rehabilitation

Outcomes Primary outcomes

• 6-minute walk test [Time Frame: 6 weeks, total distance walked in meters during 6 minutes]

Secondary outcomes

• Number of participants who will die [Time Frame: 6 weeks, 12 months, number of participants
who die during the study due to cardiovascular or non-cardiovascular causes]

• Number of participants re-hospitalised [Time Frame: 6 weeks, 12 months, number of participants
re-hospitalised during the study]

• Number of participants completing home-based cardiac rehabilitation [Time Frame: 6 weeks,
number of participants completing home-based cardiac rehabilitation]

• Cardiac function [Time Frame: 12 months, ejection fraction estimated by echocardiography]

• Aortic valve function [Time Frame: 12 months, aortic valve function estimated by echocardiogra-
phy]

• Number of participants injured [Time Frame: 6 weeks, number of participants injured or who die
during the course of home-based cardiac rehabilitation]

• Time spent performing activities [Time Frame: 6 weeks, 12 months, number of minutes in a typical
week that participants spent performing activities]

• 6-minute walk test [Time Frame: 12 months, total distance walked in meters during 6 minutes]

Starting date 1 January 2020

Contact information wxyonce@zju.edu.cn

Notes Estimated enrolment: 300 participants. Estimated study finish date: 31 December 2023

Wang 2019 
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Location: Second Affiliated Hospital, School of Medicine, Zhejiang University
Wang 2019  (Continued)

AVR: aortic valve replacement.
CABG: coronary artery bypass gra).
ECG: electrocardiogram.
KCCQ: Kansas City Cardiomyopathy Questionnaire.
LOS: length of stay.
MACE: major adverse cardiovascular event.
MVR: mitral valve replacement.
NYHA: New York Heart Association.
PVO2: mixed venous oxygen tension.

RCT: randomised controlled trial.
TAVR: transaortic valve replacement.
VO2: maximal oxygen consumption.

 

R I S K   O F   B I A S

Legend:     Low risk of bias      High risk of bias      Some concerns     

 
Risk of bias for analysis 1.1 All-cause mortality at longest follow-up

Bias

Study Randomisation
process

Deviations
from intended
interventions

Missing
outcome data

Measurement
of the outcome

Selection of
the reported
results

Overall

Lin 2004

Pressler 2016

 
 
Risk of bias for analysis 1.4 All-cause hospitalisation at longest follow-up

Bias

Study Randomisation
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Deviations
from intended
interventions

Missing
outcome data

Measurement
of the outcome

Selection of
the reported
results

Overall

Sibilitz 2016
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Risk of bias for analysis 1.5 HRQoL (mental component) at end of intervention
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Overall

Pressler 2016

Sibilitz 2016

 
 
Risk of bias for analysis 1.6 HRQoL (physical component) at end of intervention

Bias
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interventions

Missing
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Selection of
the reported
results

Overall

Pressler 2016

Sibilitz 2016

 
 
Risk of bias for analysis 1.7 HRQoL (mental component) at maximum follow-up

Bias
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interventions

Missing
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the reported
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Overall

Pressler 2016
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Risk of bias for analysis 1.8 HRQoL (physical component) at maximum follow-up
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process

Deviations
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Missing
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Selection of
the reported
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Overall

Pressler 2016
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A D D I T I O N A L   T A B L E S
 

Database searched Date
searched

February
2019

October 2019 January 2020 Total number
of results

CENTRAL (January 2020; Issue 1 of 12), in
the Cochrane Library

10/01/2020 211 132 28 371

MEDLINE and Epub Ahead of Print, In-
Process & Other Non-Indexed Citations
and Daily (Ovid, 1946 to 9 January 2020)

10/01/2020 242 46 27 315

Embase Classic + Embase (Ovid, 1947 to 9
January 2019)

10/01/2020 121 17 12 150

CINAHL Plus with Full Text (EBSCO, 1937
to 10 January 2020)

10/01/2020 160 31 16 207

PsycINFO (Ovid, 1806 to January week 1
2020)

10/01/2020 27 8 3 38

LILACS (Bireme, 1982 to 10 January 2020)
in English

10/01/2020 38 6 1 45

Conference Proceedings Citation Index -
Science (CPCI-S) on Web of Science (Clari-
vate Analytics, 1990 to 10 January 2020)

10/01/2020 10 0 2 12

DARE (2015, Issue 1 of 4), in the Cochrane
Library

No longer up-
dated since
March 2015

0 0 0 0

Total 809 240 89 1138

After de-duplication 606 216 76 898

Table 1.   Updated search results 

Exercise-based cardiac rehabilitation for adults a�er heart valve surgery: updated search results
 
 

  Lin 2004 Sire 1987 Pressler 2018 Sibilitz 2016 Total events

No exercise
group

3 patients: 2 patients: 5 patients: 1 patient: 11

Table 2.   Description of severe adverse events 
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1 pericardial effu-
sion

1 paravalvular leak-
age

1 endocarditis

2 non-fatal
thromboem-
bolism

5 died before 24 months'

follow-up

Not reported

Exercise
group

4 patients:

2 heart arrhythmias

1 sudden death

1 brain stem death

2 patients:

1 haematoma
in abdominal
muscle

1 angina pec-
toris

4 patients:

(but not due to exercise)

1 fell due to icy conditions lead-
ing

to severe cerebral trauma

1 lethal cerebral haemorrhage
due to

oral anticoagulant

2 died before 24 months' fol-
low-up

2 patients:

(but not due to ex-
ercise)

1 postsurgical car-
diac tamponade

1 heart failure-relat-
ed re-admission

12

Table 2.   Description of severe adverse events  (Continued)

 
 

Exercise group Control group Group difference (95% CI) Statistical Signifi-
cance

14,185 Euros/patient 17,448 Euros/patient -1609 Euros/patient (-6162 to 2942) NS

Table 3.   Mean total societal cost 

Table showing mean total societal cost between exercise-CR and control groups from Sibilitz 2016. NS: not statistically significant.
 

W H A T ' S   N E W

 

Date Event Description

9 July 2020 New search has been performed Four new studies added in updated review with evidence current
to January 2020

6 July 2020 New citation required but conclusions
have not changed

We conducted an update of the previous systematic review and
meta-analysis to assess randomised clinical trial evidence for the
use of exercise-based CR following heart valve surgery

 

H I S T O R Y

Protocol first published: Issue 12, 2013
Review first published: Issue 3, 2016

C O N T R I B U T I O N S   O F   A U T H O R S

KLS and ADZ initiated and raised funding for the initial review. KLS dra)ed the initial review. LA, KLS, and RST contributed to updating of
the text. LA and KLS carried out trial selection, data extraction, and RoB2 analysis, with RST confirming all data extractions and resolving
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any disagreements. LA carried out meta-analysis with supervision from RST. All review authors have revised and contributed to dra)ing of
the review, and all have approved the final version of the review for publication.
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D I F F E R E N C E S   B E T W E E N   P R O T O C O L   A N D   R E V I E W

This updated review included the RoB2 assessment, which was not included in the last review, nor in the protocol. The protocol has
now been updated to account for RoB2 and MECIR guidance. The RoB2 assessment for all primary outcomes and secondary outcomes of
exercise capacity has been included.

Given their importance to policymakers, this update added the following secondary outcomes to the review: (1) return to work, (2) costs,
and (3) cost-eNectiveness.

We deleted the outcomes of NYHA classification and LVEF as we considered them to be population characteristics rather than outcomes
of interventions, and we therefore did not believe it was important to include them.
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