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 Abstract
Introduction
This scoping review was produced by the ACPRC editorial board. Surgery was consid-
ered one of five key priorities for review and was subsequently separated into surgical 
specialities.

Objective
The objective of this scoping review was to report the extent and methodological type 
of evidence associated with post-operative physiotherapy in people who underwent 
cardiac surgery.

Inclusion criteria
Studies with adult patients undergoing cardiac surgery, requiring post-operative phys-
iotherapy intervention, as part of the recovery process, and published between 2014 
and 2021 were included.

Method
Searches were undertaken in PEDro, CINAHL, EMBASE, MEDLINE, PubMed, Google 
Scholar and the Clinical Trials Registry. Article titles and abstracts were screened by 
one reviewer, and full text articles appraised by two reviewers. Quality was assessed 
and data was extracted using the relevant tools.
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Introduction
The ACPRC editorial board is comprised of respiratory physiotherapy clinicians and aca-
demics. The purpose of the board is to lead scoping, commissioning, co-ordination and 
delivery of all new ACPRC guidance documents and resources, to facilitate knowledge shar-
ing and drive improvements in the quality of care for people with respiratory conditions. 
A preliminary scoping day in March 2018 identified surgery as a priority area for guidance. 
This was subsequently separated into cardiac, thoracic, and upper-gastrointestinal surgery. 

For the purpose of this scoping review, cardiac surgery included valve replacements, valve 
repairs, coronary bypass grafts, and other invasive cardiac procedures requiring a large 
incision such as median sternotomy. The rationale for this, is that physiotherapy recovery 
pathways are comparable between surgeries.

There has been a decline in the number of cardiac surgery operations performed in the U.K. 
This has decreased from 41,586 procedures performed in 2008 and 2009 to 34,000 in 2019. 
Mortality rates are low at 2.59%, and average post-operative length of stay is 7.8 days (1). 
During this time there has been an increase in less invasive procedures such as percutane-
ous coronary interventions. Consequently, patients undergoing surgery have an increased 
age, co-morbidities and more complex surgery (2).

Results
Initially, 2795 articles were retrieved, 41 articles were included in this scoping review. 
The most frequent study methodologies were randomised control trials (n = 21), 
observational studies (n = 8), systematic reviews (n = 3) and qualitative studies (n = 2). 
The sample sizes tended to be small and single centred.

Included studies explored mobilisation (n = 18), respiratory physiotherapy (n = 12), 
sternal wound precautions (n = 7), staff or patient experience (n = 3) and adverse 
events (n = 1). Targeted respiratory physiotherapy may be beneficial for patients who 
are at high-risk of developing or have developed post-operative complications. Early 
mobilisation shows good evidence to reduce length of stay. Allowing patients more lib-
eral use of their upper-limbs has also been shown to expedite recovery and reduce care 
needs on discharge without increasing sternal wound breakdown, infection or pain.

Conclusion
The literature showed positive outcomes for physiotherapy interventions involving 
early mobility and allowing an increase in upper-limb usage. Respiratory physiother-
apy techniques are beneficial when used with appropriate patients. Cost effectiveness 
analysis should be undertaken. There is scope for an increase in qualitative studies 
to be undertaken to focus on patient experience and patient reported outcomes.
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Systematic reviews have been undertaken for cardiac surgery and physiotherapy, and have 
either incorporated other types of surgery, for example, thoracic and abdominal surgery (3) 
or focussed solely on mobilisation after cardiac surgery (4, 5).

The aim was to undertake a scoping review to identify all types of post-operative physio-
therapy research, to provide a comprehensive representation of available evidence (6–8).

Objective
The objective of this scoping review is to report the extent and type of evidence, associated 
with post-operative physiotherapy in people who undergo cardiac surgery.

Scoping review question
The primary scoping review question is:

• What evidence exists for the post-operative physiotherapy management of people who 
have undergone cardiac surgery that require a hospital stay?

The secondary scoping review questions are:

• What number of studies and research methodologies have been carried out in relation 
to post-operative physiotherapy, in adults undergoing cardiac surgery?

• What is the quality of the research carried out?
• What are the findings of the studies?

Definition of key terms
Physiotherapy intervention – treatment that is prescribed or carried out by a registered 
physiotherapist, or an unregistered member of the physiotherapy team.

Surgical intervention – invasive surgery that requires admission to hospital, (not per-
formed as a day case).

Mobilisation – to support and encourage patients to move. This may be to mobilise out-of-
bed, to march on the spot or walking.

Respiratory physiotherapy – physiotherapy interventions aimed to mobilise and remove 
airway secretions, increase lung volume, reduce breathlessness and work of breathing. 
This may include physical exercise, active cycle of breathing techniques, resistive training, 
positive and negative pressure devices, and adjuncts.

Eligibility criteria
Participants

Inclusion criteria
• Adult patients undergoing invasive cardiac surgery requiring access through a chest 

wound, for example, sternotomy, and that requires a post-operative hospital stay.
• Study includes acute post-operative physiotherapy.
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• Study published between 2014 and 2021. The start date of 2014 was chosen, as it al-
lowed a slight overlap in studies captured within published systematic reviews identi-
fied by the scoping review search.

• Article written in English.

Exclusion criteria
• Animal studies.
• Paediatrics – defined as children less than 18-years-of-age.
• Day case surgery.
• Cardiology interventions such as percutaneous coronary intervention, transcatheter 

aortic valve implantation.
• Physiotherapy intervention prior to admission, for example prehabilitation and inter-

vention after hospital discharge, for example out-patient follow up.

Concept
Procedures that require post-operative physiotherapy intervention as part of the recovery 
process.

Context
The context is in-patient, hospital-based surgery, based in any country of origin, within 
state or privately funded healthcare.

Method
The scoping review objective was developed and agreed by the ACPRC editorial board. 
The scoping team was formed, and the inclusion criteria agreed by the scoping team.

Search strategy
The search strategy was developed and agreed by the scoping team, with input from local 
hospital and university library services (Appendix 1). A full search was undertaken of PE-
Dro, CINAHL, EMBASE, MEDLINE, PubMed, and Google Scholar. The Clinical Trials Registry 
was also searched for any unpublished literature. All articles with search strategy terms 
contained in the titles and abstracts were shortlisted. The search strategy, including all 
identified keywords and index terms, were adapted for each database.

Types of sources
The scoping review considered all available evidence using experimental, and quasi-
experimental study designs including randomised controlled trials (RCT), observational 
studies including prospective and retrospective cohort studies, case-control studies and 
analytical cross-sectional studies. Other designs included systematic reviews, descriptive 
observational study designs including case series, individual case reports and descriptive 
cross-sectional studies. Qualitative studies that focused on qualitative data, such as phe-
nomenology, grounded theory, ethnography, qualitative description, and action research 
were considered, as were text and opinion papers.



118 Journal of ACPRC • Volume 55 • Issue 1 • 2023  Go to contents page

Source of evidence selection
Following the search of databases and registries, all identified citations were uploaded into 
web-based Endnote (9). Initially, 2795 articles were retrieved from the database searches 
(n = 2736) and clinical trial registers (n = 59). Following removal of 53 duplicate records, 
one reviewer screened the titles and abstracts against the inclusion criteria. This process 
excluded 2602 studies as they did not fulfil inclusion criteria. Full texts were retrieved for 
140 articles, with 19 being unavailable. Each full-text article was screened by two review-
ers, and of the 121 full text articles reviewed, 80 were excluded due to a lack of focus on 
physiotherapy specific treatment, or the intervention was conducted in the pre-operative 
or post-discharge phases of care. Subsequently, 41 studies were selected for inclusion into 
the scoping review.

Any ambiguity was discussed with the topic lead. The results are presented in Figure 1 the 
Preferred Reporting Items for Systematic Reviews and Meta-analyses Extension for Scoping 
Review (PRISMA-ScR) flow diagram (10).
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 Figure 1: PRISMA-ScR flow chart.

Data extraction
All articles were reviewed by two independent reviewers and data was extracted and col-
lated. Study quality was assessed using appropriate Critical Appraisal Skills Programme 
(11) or Joanna Briggs Institute (12) tools. An appraisal tool template was completed for 
each study, and submitted to the topic lead.
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Results
Number of studies and research methodologies
In total, 41 studies researching the post-operative physiotherapy management of people 
who had undergone cardiac surgery and required a hospital stay were included in this 
scoping review. This included a total of 7824 participants, ranging from 13 participants (13) 
to 1419 participants (5). This did not include the number of participants in the systematic 
review by Sullivan et al. (3) as it was not possible to differentiate participant numbers be-
tween cardiac, thoracic and abdominal surgery. The most frequent types of study design 
were RCTs (n = 21) of which three were pilot RCTs, observational studies (n = 8) and system-
atic review (n = 3). Two qualitative studies were included for review. The methodology types 
and number of studies can be seen in Figure 1.

 Figure 2: Methodology types and number of studies included.

The 41 studies were categorised by type of physiotherapy intervention. This included 
18 studies (45%) investigating post-operative mobilisation, 12 studies (29%) reviewing 
respiratory physiotherapy and respiratory interventions, seven studies (17%) exploring 
sternal wound precautions and associated pain, three studies (7%) investigating staff and 
patient experience and one study (2%) reporting adverse events during physiotherapy. 
See Figure 2.
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 Figure 3: Methodology types and number of studies included.

Quality of research 
Many of the studies (with some exceptions) had small sample sizes and were based in single 
centres. For the RCTs, blinding was inconsistent across studies resulting in potential risk of 
bias within the methods. The participants were appropriately selected and accounted for 
through the pathway of the studies and the study protocols were outlined in nearly all stud-
ies. The outcome measures were largely easily replicable and appropriate to the patient 
groups being investigated, however overall, there was little consideration of cost-benefit 
analysis.

Study findings
A detailed summary of the studies is presented in the literature review table (Appendix 2).

The themes identified were respiratory physiotherapy, mobilisation and sternal wound 
precautions.

Respiratory physiotherapy
Research relating to respiratory physiotherapy covered a range of interventions. Three 
studies (14–16) looked at positive pressure interventions alongside early mobilisation fol-
lowing cardiac surgery. Kamisaka et al. (14) found that delivering pressure support may 
have a role in improving dyspnoea in early mobilisation. Dholaki et al. (15) compared Bi-
level positive airway pressure and high-flow nasal oxygen (HFNO) on ambulation and found 
both groups doubled the distance mobilised with ventilatory support. Pantoni et al. (16), 
found continuous positive airway pressure (CPAP) on ambulation demonstrated increased 

Adverse 2%

Mobilisation 45%

Respiratory
physiotherapy
and respiratory
complications 29%

Sternal wound
and pain 17%

Patient/sta� experience 7%
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exercise tolerance, tidal volumes, and oxygen saturation, as well as reduced dyspnoea in 
comparison to the control group.

Three studies (17–19) investigated positive expiratory pressure (PEP) devices. They found 
no benefit of PEP (17) or Acapella® (18) over conventional physiotherapy on pulmonary 
function, post-operative pulmonary complications (PPCs), radiological changes or length of 
hospital stay (17–18). Petterson et al. (19) found deep breathing exercises performed with 
bubble PEP demonstrated significantly higher SpO2 in standing versus sitting.

Incentive spirometry has been investigated with mixed results. In a systematic review, Sul-
livan et al. (3) reported that incentive spirometry alone did reduce PPCs. However, a pilot 
RCT concluded that there was no statistically significant difference in lung function tests, 
at post-operative day (POD) seven or on six-minute walk distance (6MWD) in incentive 
spirometry versus diaphragmatic breathing (20).

Wu et al. (21) found the use of mechanical insufflation:exsufflation post-operatively, 
had significantly improved lung function, but patients reported significantly more pain 
compared with the Intermittent Positive Pressure Breathing Group. There was no differ-
ence in PPCs between groups.

Zochios et al. (22) found that prophylactic use of HFNO in patients with pre-existing res-
piratory conditions resulted in lower hospital length of stay and reduced intensive care unit 
(ICU) readmissions in comparison to a standard care control group.

Cargnin et al. (23) found the use of post-operative inspiratory muscle training demonstrated 
significant improvement in maximal inspiratory pressure and non-significant improvement 
in 6MWD, with no difference in length of stay, lung function or quality of life. Another study 
found that ACBT did not lead to physiological improvements compared to routine physio-
therapy (24).

Mobilisation
Studies have established that early mobilisation is beneficial compared to bedrest, 
but there was no evidence of the optimal exercise prescription, or definition of early mobi-
lisation (5, 25).

Early mobilisation significantly reduced hospital length of stay (LOS) in five studies (26–30), 
but not in other studies that reported no significant difference in LOS (4, 31–32). Intensive 
care LOS was shown to have been significantly reduced by Afxonidis et al. (26), and was also 
reported to be reduced, but not significantly by Chen et al. (4).

Four studies (29, 31, 33–34) all found no significant difference in 6MWD between control and 
intervention groups whereas one study (35) showed a significant improvement in 6MWD 
in their small sample intervention groups. Kubitz et al. (36) reported that 80% of patients 
fully adhered to their post-operative mobility protocol. Outcomes of supervised exercise 
are variable, with one study showing a significant increase in step count when supervised 
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by physiotherapists (37), but another showed no significant difference between orderly led 
ambulation (31).

Physiological measures showed no significant differences following the interventions of 
cycle ergometry (34). However, Tariq et al. (28) showed a significant improvement in SpO2 
following mobilisation and respiratory physiotherapy within four hours of extubation. 
Studies found no significant difference in left ventricular ejection function (29), respiratory 
muscle strength (35) or lung function (35, 38) between an exercising intervention group and 
the control group.

Miwa et al. (30) and Floyd et al. (32) showed no differences between control and interven-
tion groups, and the incidence of adverse events. Takei et al. (39) reported an incidence 
of 18% of physiological abnormalities or potential safety events during physiotherapy, 
but only 2% requiring treatment. The main adverse effects reported were altered blood 
pressure and vertigo. The study by Sousa et al. (40) found the majority of physiological 
abnormalities or adverse events were mild or near misses occurring more so with mechan-
ically ventilated patients.

Other interventions reporting positive impact on recovery are targeted exercise and edu-
cation (41) and distance walked based on wall art (42). There was a significant reduction 
in costs in an early rehabilitation (<8 days) intervention group compared to the control or 
delayed (>8 days) intervention group (29).

Sternal wound precautions
Work reviewing the long-established practice of strict sternal wound precautions has been 
compared to modified sternal precautions, such as Keep your Move in the Tube (KYMITT) 
(43–45). KYMITT is a post-sternotomy protocol that allows load bearing movement through 
the upper-limbs whilst avoiding excessive stress to the sternal wound. This is achieved by 
keeping upper-limbs at close range to the trunk, or as if you were placed in a tube. Both 
Gach et al. (43) and Radfar et al. (44) found that implementing KYMITT was associated with 
an increased proportion of cardiac surgery patients discharged home, opposed to inpatient 
rehabilitation or nursing facilities. The use of KYMITT did not increase wound complication 
or readmission rates. Katjjahbe et al. (45) study showed substantial improvement with KY-
MITT, but no significant difference at weeks four and 12. LaPier et al. (46) found the majority 
of physiotherapists would implement wound support immediately after median sternot-
omy to reduce pain and to protect sternal healing. Restrictions related to the arms lifting 
weights and heights were commonly employed but varied greatly in degree and duration.

Thoracic exercises showed a significant reduction in early (0–6 weeks) sternal pain post 
cardiac surgery. However, there was no difference at three months (47). A systematic review 
of continuous local anaesthetic in post-cardiac surgery patients (48) found no significant 
differences in pain scores, distance walked, or for time to physiotherapy discharge.
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Boitor et al. (49) found hand massage in the critically ill cardiac surgery patients signifi-
cantly reduced pain immediately post intervention compared to active and passive control 
groups, but they were unable to assess longer term benefit.

The qualitative studies explored patient’s experiences following cardiac surgery (13, 50). 
They concluded that cardiac surgery causes both physical and emotional disturbance. 
Relationships developed with healthcare professionals built safe spaces for discussion, 
to prepare patients and families adequately for discharge.

Discussion
This scoping review outlines research published in key areas of physiotherapy and post 
cardiac surgery management. There is a variety of respiratory treatment techniques and in-
terventions studied which makes concluding the impact of respiratory physiotherapy more 
difficult. There is some evidence that initiating positive pressure such as CPAP or HFNO in 
the early phase of care does positively impact patient recovery. However, physiotherapy de-
livered pressure treatment such as PEP and incentive spirometry are less likely to improve 
outcome in the absence of PPCs. In patients who do not develop PPCs or have pre-operative 
respiratory conditions, physiotherapy adjuncts do not expedite recovery and that these 
treatment options should not be routinely delivered.

Research supports that mobility provides a multi-faceted impact on recovery including en-
hancing re-ambulation, cardiovascular improvement and contributes towards prevention 
of PPCs.

There is strong evidence for early mobilisation, in reducing ICU and hospital LOS. However, 
the optimal timings and frequency of mobility remains unanswered. There is evidence to 
support that staff and a culture dedicated to mobilisation impacts step count and frequency 
of mobility. These findings support the more holistic post-operative recovery approach, 
involving patient experience and patient accountability for their care, in addition to phys-
iological recovery.

The pioneering work around sternal precautions has been a significant change in post-oper-
ative cardiac care, over the past few years. Due to the increasing age and frailty of patients, 
the inability to use the upper-limbs to facilitate bed transfers, and aid sit-to-stand has an 
impact on recovery, hospital length of stay and ongoing care needs on discharge. Evidence 
provides assurance that the KYMITT approach does not lead to an increase in sternal wound 
breakdown, infection or pain (51). It would be interesting to assess adoption of this practice 
in cardiac centres.

The literature includes mainly quantitative research, however qualitative consideration of 
the impact of staff and patient experience in recovery after cardiac surgery was included. 
Additional consideration for further research would be multi-centred trials to enable 
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greater sample sizes, and cost-benefit analysis in terms of both hospital and patient benefit 
would allow for greater weight for supporting change in practice.

A limitation to this scoping review was that the search criteria excluded prehabilitation 
and post-discharge exercise prescription such as cardiac rehabilitation programmes. Fur-
ther scoping reviews would be beneficial to identify studies relating to these areas.

Conclusion
In conclusion, the objective of this scoping review was to report the extent and methodo-
logical type of evidence associated with post-operative physiotherapy in people who un-
dergo cardiac surgery.

The initial search returned 2795 articles and following screening 41 studies were included 
in the scoping review. A variety of different research methodologies were included in the 
review which demonstrates diversity of evidence available.

The literature showed positive outcomes for physiotherapy interventions involving early 
mobility, a culture that supports holistic post-operative recovery and allowing increased 
use of the upper-limbs. It is more difficult to conclude which respiratory intervention pro-
vides the most benefit, and targeted use in patients with respiratory compromise appears 
to be better than routine application. Cost effectiveness analysis needs to be undertaken. 
There is scope for an increase in qualitative studies to be undertaken to focus on patient 
experience and reported outcomes.

In addition to this cardiac scoping review, the editorial board has published separate gas-
trointestinal and thoracic scoping reviews and plan to publish a combined ACPRC surgical 
position statement.
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Appendix 1 – search strategy
Search 1
 Heart.

 Cardiac.

 Aortic.

Search 2 
 operat#.

 OR surg#.

 OR (postoperative or post operative or post-surgery or post-surgical).

Search 3
 (physiotherap# or physical therap# or rehabilitati*).

 OR (mobilisation or mobilization or mobilize or mobilise).

 OR (exercis* or physical activity or fitness).

 OR ambulat# OR walk# OR recovery.
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Appendix 2 – cardiac surgery and physiotherapy literature 
summary
First 

author

Source 

origin

Aim/purpose Design/

method-

ology

Sample size Comparison Outcome 

measures

Key findings

Respiratory physiotherapy and respiratory complications

Alaparthi, 

2021

India Effect of 

different 

breathing 

techniques 

on PFTs after 

valve surgery.

Pilot RCT. n = 30,

IG1, n = 10,

mean age 63,

male 70%.

IG2, n = 9,

mean age 62,

male 78%.

IG3, n = 10,

mean age 54,

male 90%.

IG1 – flow-

oriented 

incentive 

spirometry.

IG2 – volume-

oriented 

spirometry.

IG3 – 

diaphragmatic 

breathing.

In addition to 

airway clearance 

and progressive 

mobility and 

stairs.

PFTs, 6MWT, 

functional 

difficulty.

No statistically 

significant 

difference in 

PFTs at POD7 

except FVC in 

IG3 (p = 0.024).

No statistically 

significant 

difference 

in 6MWT.

Volume 

spirometry group 

(IG2) scored 

statistically 

significantly 

better on the 

functional 

difficulty 

questionnaire 

when compared 

to the IG3 group 

(p = 0.001) but not 

when compared to 

IG1 (p = 0.04).

Sullivan, 

2021

Canada Use of IS 

in cardiac, 

thoracic and 

abdominal 

surgery.

SR. 9 cardiac 

studies 

n = ? – unable 

to differentiate 

cardiac, 

thoracic and 

abdominal 

patients.

IS versus 

respiratory PT.

PPCs, mortality, 

hospital LOS.

IS alone compared 

with other 

strategies did 

not reduce PPCs 

(95% CI 0.80–1.43; 

p = 0.64, mortality 

(95% CI 0.04–3.17, 

p = 0.36, Z = 0.91), 

or hospital 

LOS (95% CI 

-1.42–1.20, 

p = 0.87, Z = 0.17).
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First 

author

Source 

origin

Aim/purpose Design/

method-

ology

Sample size Comparison Outcome 

measures

Key findings

Wu, 2021 Taiwan Compare 

effect of MI:E 

versus IPPB on 

lung function 

after cardiac 

surgery.

Retrospective 

observational 

study.

n = 51,

MI:E group 

n = 21,

mean age 64,

male 67%.

IPPB group 

n = 20,

mean age 63,

male 57%.

Selection based 

on availability 

of device. 

Treatment 

for 5 days

MI:E group.

IPPB group.

PFTs, PPCs. The post-

operative 

percentage of 

predicted FVC 

(58.4 ± 4.74 

versus 46.0 ± 

3.70%, p = 0.042), 

and FEV1 (62.4 ± 

5.23 versus 46.8 ± 

3.83%, p = 0.017) 

were significantly 

less in IPPB group. 

Statistically 

significant higher 

reported chest 

pain in MI:E group 

(61.9% versus 

16.7%; p = 0.002).

No statistically 

significant 

difference in PPCs; 

pneumonia (95% 

CI 0.12–16.86; 

p = 0.777), 

atelectasis (95% 

CI 0.20–1.91; 

p = 0.402), 

pleural effusion 

(95% CI 0.46–4.43; 

p = 0.544).

Pieczkoski, 

2020

Brazil Effect of PEP 

in patients 

after cardiac 

surgery.

RCT. n = 48.

IG1 n = 16, 

mean age 61, 

male 69%.

IG2 n = 16,

mean age 65,

male 69%.

CG n = 16,

mean age 67,

male 100%.

IG1 – PEP blow 

bottle device.

IG2 – Expiratory 

positive airway 

pressure.

CG – 

conventional 

physiotherapy.

Compared pre-

op and POD3:

PFTs, 

Respiratory 

muscle strength, 

CXR changes, 

pulmonary.

complications,

ICU and hospital 

LOS.

No difference 

between groups 

in PFTs, MIP and 

MEP, pain, PPCs, 

ICU or hospital 

LOS.

Unable to 

statically compare 

CXR changes due 

to small sample 

size.
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First 

author

Source 

origin

Aim/purpose Design/

method-

ology

Sample size Comparison Outcome 

measures

Key findings

Cargnin, 

2019

Brazil Does IMT after 

heart valve 

replacement 

improve 

recovery.

RCT. n = 25.

IG n = 13,

mean age = 62,

male = 69%.

CG = 12,

mean age = 60,

male = 50%.

IG – IMT 2 × day 

from POD3 to 

4 weeks post op.

CG – IMT placebo 

group.

Lung function, 

MIP, functional 

capacity, 

QoL measured 

pre-op and at 4 

weeks post-op.

Significantly 

improved MIP 

in IG (p = 0.005), 

improvement 

in 6MWD for IG 

compared with 

CG (p = 0.019). 

Correlation 

between MIP and 

6MWD (r = 0.72; 

p = 0.001). 

Significant 

association 

between MIP and 

lung function test 

(FEV1 p = 0.003; 

FEV1/FVC p = 0.38).

No difference 

between groups 

in lung function 

or QoL.

Derakh-

tanjani, 

2019

Iran Comparison 

of ACBT and 

routine PT 

on pain and 

respiratory 

parameters.

RCT. n = 70.

IG n = 35,

mean age = 53,

male = 74%.

CG n = 35,

mean age = 52, 

male = 74%.

IG – ACBT 1 × day 

in addition to 

early mobility.

CG = chest 

wall vibration 

and manual 

percussion in 

addition to early 

mobilisation.

PaO2, HR, RR, 

pain score.

No significant 

difference in PaO2, 

SaO2, RR and pain 

between groups.

Dholakia, 

2018

USA Does transport 

BiPAP or 

HFNO impact 

mobility, PPCs, 

and short-term 

morbidity and 

mortality.

Retrospective 

review 

abstract.

n = 20,

Group 1 n = 8,

Group 2 n = 12

No 

demographic 

details 

available.

Group 1 – 

Transport BiPAP.

Group 2 – HFNO.

Distance 

mobilised, 

reintubation 

rate.

Both groups 

doubled their 

mobility distance 

with additional 

respiratory 

support. 

No numerical 

data or statistical 

analysis was 

presented in 

the abstract. 

No detail on 

control group or 

previous ability.
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Zochios, 

2018

U.K. Effect of HFNO 

on hospital 

LOS in cardiac 

surgery 

patients with 

pre-existing 

respiratory 

disease.

RCT. n = 100.

IG n = 51,

mean age – 67,

male – 61%.

CG n = 49,

mean age – 69,

male – 62%.

IG – HFNO for the 

first 24 hours.

CG – standard 

oxygen therapy.

Hospital LOS, 

ICU readmission, 

6MWD, PFTs, 

PROMs.

Mean hospital 

LOS lower in IG 

(95% CI 11–44%; 

p = 0.004). Risk of 

prolonged stay 

higher in CG (38%) 

versus IG (18%) 

(p = 0.03).

IG had fewer ICU 

readmissions 

(p = 0.02).

No difference in 

ICU LOS, 6MWD, 

lung function 

tests, PROMs 

between groups.

Naswa, 

2017

India Comparing 

ACBT and 

Acapella® 

on PPC 

incidence 

following 

cardiac valve 

surgery.

RCT. n = 30, 

male = 60%.

IG n = 15,

mean age = 33.

CG n = 15,

mean age = 31.

IG = Acapella® 

× 10 breaths for 

15 minutes or 

until tired.

CG = ACBT for 15 

minute or until 

tired.

CXR, hospital 

LOS.

No significant 

difference in CXR 

appearance or 

hospital LOS,

3 patients in 

CG developed 

pneumonia.

(Note- young 

mean age).

Kamisaka, 

2016

Japan Does 

mechanical 

ventilatory 

support 

reduce 

dyspnoea 

during walking 

after cardiac 

surgery.

Prospective 

case series.

n = 56.

Mean age – 68,

male – 73%.

Walked without 

VA (session A), 

followed by 

walking with VA 

(HFNO to 3 cm 

H20) (session 

B), or in reverse 

order.

Classed as 

dyspnoea group 

if Borg increased 

by 1 point.

Dyspnoea, 

leg fatigue, 

ventilatory 

parameters, 

lung function, 

physical 

function, CXR.

35 patients 

(63%) reported 

dyspnoea on first 

walk. 18 (51%) 

of these patients 

responded to 

VA support by 

demonstrating 

a reduction in 

dyspnoea on 

walking.
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Pantoni, 

2016

Brazil Effect of CPAP 

on POD1 

mobility.

RCT. n = 27.

IG n = 13,

mean age – 58,

male – 38%.

CG n = 14,

mean age – 57, 

male – 71%.

IG – as CG plus 

CPAP 10–12 cm 

H2O) during all 

exercises.

CG – early mob, 

respiratory 

exercises.

Breathing 

pattern 

variables, 

exercise time, 

dyspnoea, SpO2.

Statistical 

improved 

outcomes in IG in 

some respiratory 

parameters; 

VT (p = 0.001), 

minute ventilation 

(p = 0.005); 

exercise time 

(p = 0.04), 

dyspnoea 

(p = 0.008), 

SpO2 (p = 0.016).

No difference for 

leg effort scores.

Pettersson, 

2015

Sweden Evaluate 

if DBEs 

are better 

performed 

in sitting or 

standing.

RCT. n = 189.

IG n = 94

mean age – 65,

Male -79%.

CG n = 95

mean age – 67, 

Male – 87%.

IG- 3 × 10 deep 

breaths with 

PEP device in 

standing.

CG – 3 × 10 deep 

breaths with PEP 

device in sitting.

SpO2, subjective 

breathing ability,

BP, HR, pain at 

rest, pain on 

deep breathing.

Significantly 

higher SpO2 

in standing 

group directly 

after exercises 

(p = 0.0001) and 

15 minutes after 

(p = 0.027).

IG able to take 

a deeper breath 

(p = 0.004).

No significant 

difference in HR, 

BP, pain at rest or 

on deep breathing.

Mobilisation/enhancement of physical ability

Afxonidis, 

2021

Greece Effect of 

early and 

enhanced PT 

after cardiac 

surgery.

RCT. n = 78.

IG n = 39,

mean age 64,

male 87%.

CG n = 39,

mean age 65,

male 80%.

IG as CG plus 

additional 

session of PT 

POD0–3.

CG – conven-

tional PT 2 × day. 

DBE, IS, chest 

percussion, 

chest binder, 

coughing, 

progressive 

mobility. 

ICU LOS.

Hospital LOS.

Haemodynamics 

and lab tests; 

sodium, 

potassium, 

calcium, 

glucose, 

haemoglobin, 

lactate.

Mean number 

of treatment 

sessions: IG 16.6 ± 

1.2, and 12.3 ± 0.8.

LOS statistically 

significant less in 

IG group (8.1 days 

versus 8.9; 

95% CI 0.6–1 days, 

p <0.001)

ICU LOS 

statistically 

significant less 

in IG (23.2 hrs 

versus 25 hrs; 95% 

CI 1.3–3.2 hours; 

p = <0.001).
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Chen, 2021 China SR and meta-

analysis of 

effect of early 

mobilisation 

after cardiac 

surgery.

SR and 

meta-analysis.

n = 652,

5 studies (one 

study pre-op).

ICU LOS, 

hospital LOS, 

physical 

function, 

adverse events.

3 of 5 studies 

demonstrated 

beneficial effect of 

early mobilisation 

on ICU LOS (95% 

CI -2.01–0.04) 

however 

overall effect 

not significant 

(p = 0.06).

3 of 5 studies 

demonstrated 

beneficial effect 

of intervention 

on hospital LOS 

is beneficial (95% 

CI -3.96–0.71) 

however 

overall effect 

not significant 

(p = 0.17).

Pizzorno, 

2020

Italy Early post-op 

rehabilitation 

in patient >75 

years old.

Retrospective 

case control 

study.

n = 160.

Early 

rehabilitation 

n = 80,

mean age 79,

male 56%.

Delayed 

rehabilitation 

n = 80,

mean age 79,

male 53%.

Both group: 

aerobic, 

flexibility, 

resistance, 

neuromotor 

training.

Early 

rehabilitation 

= <8 days 

from cardiac 

procedure.

Delayed 

rehabilitation 

= >8 days 

from cardiac 

procedure.

6MWT, LVEF, 

LOS, cost.

No significant 

difference 

between groups 

for 6MWT, LVEF 

or post-op 

complications.

Early 

rehabilitation 

group had a 

significantly 

lower LOS (25.8 

days versus 34.1 

days; p <0.0001) 

compared to 

the delayed 

rehabilitation 

group.

Early 

rehabilitation 

group also showed 

significant 

reduction in 

costs (p <0.0001).
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Ribeiro, 

2020

Brazil Impact of 

different PT 

protocols on 

heart rate 

variability 

and LOS 

after CABG.

RCT n = 48,

CG n = 16,

mean age 60,

male 69%.

IG1 n = 15,

mean age 58,

male 87%.

IG2 n = 17,

Mean age 62,

Male 59%.

Protocols from 

POD1–3

CG – respiratory 

PT and ankle 

exercises.

IG1 – early 

mobilisation 

group – cycle 

ergometry and 

ambulation.

IG2 – virtual 

reality group 

– as IG1 plus 

2 × Wii games 

to increase UL 

strength and 

cardiovascular 

fitness.

Heart rate 

variability, 

hospital LOS.

IG1 and IG2 

demonstrated 

improved 

autonomic 

response on POD4 

than CG (p <0.05).

LOS shortest in 

IG2 (8.1 days), 

versus IG1 (10.2 

days), versus CG 

(16 days) (p 0.03).

Note – 28 patients 

lost to follow 

up. Initial n = 76, 

data analysed 

for 48 patients.

Kubitz, 

2020

Germany ERAS in 

minimally 

invasive heart 

valve surgery.

Retrospective 

observational 

study.

n = 50,

mean age 52,

male 76%.

Protocol

POD0 – PT 3 

hours after Sx, 

aim to mobilise

POD1 – 4 × 

PT mobility 

sessions

POD2 – Stairs 

or cycling

POD3 & 4 – 

Independent 

exercise.

Adherence 

to protocol, 

post-operative 

complications.

47 patients 

undertook 

mobilisation 

3 hours after 

surgery on POD0.

Full adherence 

to protocol in 

80% patients. 

Non adherence 

due to nausea/ 

vomiting, 

arrythmia, pain, 

neurological 

events.

Post-operative 

complications 

impacting early 

phase of the 

ERAs project; 

disabling pain 

(30%), nausea and 

vomiting (35%), 

compared with 

7% each by late 

phase of the ERAS 

project.
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Zanini, 

2019

Brazil Outcomes 

of different 

rehabilitation 

protocols after 

CABG.

RCT. n = 40.

G1 n = 10

mean age 58,

male 90%.

G2 n = 10,

mean age – 57

male 70%.

G3 n = 10

mean age – 59,

male 60%.

G4 n = 10,

mean age – 61,

male 70%.

Conventional 

PT plus

G1 – active 

UL & LL 

exercises, 

early 

ambulation, 

IMT.

G2 – active UL 

& LL exercises, 

early ambulation

G3 – IMT

G4/ CG – 

conventional 

PT (DBEs, EPAP, 

chest clearance), 

encouraged to 

walk from POD2.

All groups seen 

2× day for 6 days.

6MWT, CPET 

variable, PFTs, 

respiratory 

muscle strength.

G3 & G4 

had greater 

impairment 

in functional 

capacity (6MWD) 

immediately 

post-op compared 

to baseline vs G1 

& G2 (p = <0.001).

30 days post 

op – G4 had 

least amount of 

recovery. G1,2 3 

had significant 

improvement in 

post-op 6MWD 

compared to 

pre-op baseline 

(p = <0.001).

No significant 

difference 

between groups 

in lung function 

(FVC p = 0.18; 

FEV1 p = 0.055) 

or respiratory 

muscle strength 

(MIP p = 0.90, 

MEP p = 0.68). 

Mean ICS 

LOS longer 

in CG (p <.05), 

no difference 

in hospital 

LOS across 

the 4 groups.

Borzou, 

2018

Iran Effect of 

inpatient 

cardiac 

rehabilitation 

on patient 

self-efficacy.

RCT. n = 60.

IG n = 30, 

mean age 62, 

male 53%.

CG n = 30, 

mean age 58, 

male 53%.

IG – 3 sessions 

(education 

and exercise) 

commenced 

72 hours after 

surgery until 

discharge.

CG – routine 

care.

Self-efficacy 

questionnaire.

At discharge 

and 1 month 

after discharge 

feeling of general 

self-efficacy, 

feeling self-

efficacy, exercise 

self-efficacy and 

total self-efficacy 

significantly 

better in IG 

(p = <0.001).
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Cerqueira, 

2018

Brazil Effect of NMES 

after cardiac 

valve surgery.

RCT. n = 59.

IG n = 26,

mean age 42,

male 69%.

CG n = 33

mean age 42,

male 70%.

IG – received 

twice daily NMES 

in additional 

to regular PT. 

Total of NMES 

sessions.

CG – usual 

physiotherapy 

2 × day.

6MWT. No statistical 

difference 

between groups 

6MWD (95% CI 

-64.87–65.97) 

and walking 

speed (95% 

CI -0.55–0.57).

Miwa, 2017 USA Effect of 

ambulation 

orderlies 

following 

cardiac 

surgery.

Quasi-

experimental 

prospective 

design.

n = 925.

Post – 

implementation 

n = 478, 

mean age 69

Male 69%.

Pre-

implementation 

n = 447, mean 

age 67, male 

67%.

Post.

implementation 

– ambulation 

orderlies 

mobilised 

patients 1–4 

× day for 3–10 

minutes.

Pre-implemen-

tation – encour- 

aged to walk 

by ward 

team, no set 

guidelines, 

ambulation 

not recorded.

LOS, mortality, 

readmission 

rates, discharge 

location, 

hospital.

complications.

The implemen-

tation of 

ambulation 

orderlies showed 

a statistically 

significant 

reduction in LOS 

by 1 day (median 

and mean) 

(p = 0.001).

No statistically 

significant 

difference 

in discharge 

location, hospital 

readmission 

rate, hospital 

complications 

or mortality.

Mungovan, 

2017

Australia Determine 

amount of 

physical 

exercise 

undertaken 

immediately 

after cardiac 

surgery.

Prospective 

observational 

study.

n = 83.

Mean age 66, 

male 70%.

Twice daily 

PT sessions; 

respiratory, 

musculoskeletal 

movement, 

walking up to 10 

mins per session.

Step count, 

physical activity 

intensity in 

metabolic 

equivalents, 

6MWD.

PT supervised 

50% of physical 

activity.

Significant 

increase in step 

count from 

POD1 to POD5 

(p = <0.001).

Pack, 2017 USA Evaluation of 

ambulation 

orderlies on 

recovery.

RCT pilot. n = 36.

IG n = 18,

mean age 62, 

male 72%.

CG n = 18,

mean age 69,

male 78%.

IG – ambulation 

orderly directed 

ambulation. 

4 × day for 3–10 

minutes.

CG – usual care, 

nurse directed

(no mention of 

PT involvement).

Average daily 

steps, 6MWD, 

LOS.

No statistical 

significance 

between groups 

for average daily 

steps, 6MWD, LOS.

IG noted to have 

more preferable 

baseline 

characteristics.
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Santos, 

2017

Brazil Effects of early 

mobilisations 

after cardiac 

surgery.

SR 9 studies 

included

Total n = 1419.

Lack of definition 

on early mobility, 

however early 

mobilisation 

is beneficial 

compared 

with bed rest. 

No evidence 

of optimal 

prescription.

Takei, 2017 Brazil Is PT safe in 

early post 

op cardiac 

surgery 

patients.

Conference 

abstract of 

observational 

study.

n = 258. 698 PT 

interventions 

observed.

HR, BP, SpO2, 

temperature, RR, 

Haemoglobin.

18% of 

interventions 

had physiological 

abnormality or 

potential safety 

events (95% CI 

15–21%), these 

occurred most 

commonly during 

ambulation (40%) 

and NIV (37%). 

The main 

adverse events 

were altered 

BP, and vertigo. 

Only 2% (95% CI 

1–4%) required 

additional 

treatment.
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Tariq, 2017 Pakistan Effects of 

early exercise 

after cardiac 

surgery.

RCT. n = 174,

mean age – 52,

male 76%.

IG n = 87.

CG n = 87.

IG – mobilised 

to chair on POD0 

(within 4 hours 

of extubation) 

and chest PT.

CG – as IG but 

starts on POD1.

HR, BP, SpO2, 

RR, temperature, 

dyspnoea, PPCs.

POD0: Following 

exercise, the IG 

showed significant 

improvement in 

SpO2 (p = <0.001) 

and reduced 

RR (p = <0.001) 

compared to 

the CG.

POD1: Following 

exercise, the IG 

demonstrated 

significant 

reduction in HR 

(p = <0.001) and 

the CG showed 

significant 

improvement in 

SpO2 (p = <0.001).

Reduced ICU LOS 

in IG (no p value; 

ICU LOS at 5 days 

IG 31% versus CG 

2%).

Borges, 

2016

Brazil Effect of 

aerobic 

exercise after 

CABG.

RCT. n = 34.

IG n = 15

Mean age – 63

Male 80%.

CG n = 19

Mean age – 73

Male 53%.

IG – aerobic 

exercise (cycle 

ergometery) 

in addition to 

conventional PT.

CG – 

conventional PT. 

DBEs, UL and LL 

exercises, 

progressive 

ambulation.

PFTs, respiratory 

muscle strength, 

6MWT. Assessed 

pre-op and 

at hospital 

discharge.

Both groups 

experienced sig-

nificant reduction 

post-op PFTs 

(p = 0.001–0.27) 

but no difference 

between IG & CG.

Both groups 

maintained MIP 

(p = 0.14–0.16), 

but reduction 

in MEP 

(p = 0.004–0.006).

6MWD maintained 

in IG (p = 0.06), 

but reduced in 

CG (p = 0.01). 

Statistically 

significant 

difference 

between 

both groups 

at discharge 

(p = 0.03).
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Floyd, 2016 USA Evaluate 

effectiveness 

of progressive 

mobility 

protocol on 

PROM related 

to immobility.

Retrospective 

study 

matched 

design.

n = 30.

IG n = 15,

mean age 65,

male 87%.

CG n = 15,

mean age 67,

male 80%.

IG – progressive 

mobility 

protocol.

CG – no standard 

activity protocol 

for post-op 

therapy.

ICU LOS, ICU 

readmission, 

pressure ulcers, 

DVT.

Results not 

statistically 

significant for 

hospital LOS 

(p = 0.502), 

ICU readmission 

(p = 0.301) 

or DVT (p = 0.492) 

or pressure ulcer 

(p = 0.313).

Note – some 

results combined 

cardiac and 

thoracic surgery.

Monte-

leone, 2015

Italy Assessment 

of ability 

post cardiac 

and thoracic 

surgery and 

recovery.

Prospective 

observational 

study.

n = 375.

Mean age 66

Male 63%.

Introduction of 

rehabilitative 

protocol.

No CG.

Assessment of 

post op disability 

and impact of 

rehabilitative 

protocol.

25% patients 

had no post-op 

disability, 

63% patients 

classed as simple 

deconditioning 

and 12% 

as complex 

deconditioning. 

Number of PT 

sessions received 

was associated 

with severity of 

deconditioning 

(p = 0.01).
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Trevisan, 

2015

Brazil Use of cycle 

ergometer 

in post CABG 

recovery.

RCT. n = 24.

IG n = 14

Mean age – 58

Male 71%

CG n = 10

Mean age – 63

Male 80%.

IG – as CG but 

substituting 

walking 

with cycle 

ergometery.

CG – POD3. Chest 

PT, POD4–7 

addition of 

mobility, POD5 

stairs. 2 × 20 

mins per day.

6MWT. IG non statistically 

significant longer 

distance walked 

in 6MWT (312.2 ± 

80.6 versus 249.7 

± 61.4; p = 0.06)

No statically 

significant 

difference in HR, 

SpO2, and Borg.

Sternal wound and pain

Gach, 2021 USA KYMITT impact 

on discharge.

Before 

and after 

observational 

study.

n = 1104.

IG n = 477,

mean age 63,

male 69%.

CG n = 627,

mean age 67,

male 71%.

IG – adoption 

of KYMITT.

CG – sternal 

precautions to 

avoid pushing, 

pulling, lifting 

for 6–8 weeks.

Discharge 

location, 

incidence of 

sternal wound 

complications, 

functional status 

at discharge.

IG more 

independent at 

discharge for bed 

mobility (49% 

versus 11%) 

and transfers 

(66% versus 35%) 

(p = 0.001).

Significantly 

more IG patients 

were discharged 

home (p = 0.001), 

with decrease 

in referrals 

to inpatient 

rehabilitation or 

nursing facilities.

No significant 

difference in LOS 

(p = 0.97).

No significant 

difference in 

sternal wound 

complications 

between the 

groups (p = 0.68; 

95% CI 0.52–3.09).
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Radfar, 

2019

USA Examine 

if KYMITT 

impacts LOS 

following 

surgery.

Abstract of 

retrospective 

observational 

study.

n = 856.

Pre imple-

mentation of 

KYMITT n = 356.

Post imple-

mentation of 

KYMITT n = 509.

Standard sternal 

restrictions 

versus KYMITT.

Case mixed 

index, 

length of stay.

Decrease in 

LOS by 0.10 days 

(no information 

on statistical 

significant).

Boitor, 

2018

Canada Evaluate the 

effectiveness 

of hand 

massage 

on pain and 

anxiety 

following 

cardiac 

surgery.

RCT. n = 60.

IG1 n = 20

Median age 64 

Male 70%.

IG2 n = 19

Median age 68

Male 84%.

CG n = 21

Median age 63

Male 77%.

IG1–2 × 20 mins 

hand massage.

IG2–2 × 20 mins 

hand holding.

CG – standard 

care with 20 rest 

period.

Pain intensity, 

pain unpleasant-

ness, anxiety, 

muscle tension, 

vital signs.

Pain intensity  

(p = 0.011),  

pain unpleasant-

ness (p = 0.009), 

anxiety (p = 0.015) 

and muscle 

tension (p = 0.053) 

significantly lower 

immediately after 

hand massage, 

compared with 

hand holding and 

standard care. 

No difference 

between hand 

holding and 

control group.

No difference 

between groups 

after 30 minutes or 

POD1. No changes 

in vital signs.

Katijjahbe, 

2018

Australia Comparison 

of standard 

restrictive 

sternal 

precautions 

and modified 

sternal 

precautions 

following 

sternotomy.

RCT. n = 72.

IG n = 36,

mean age – 63,

male – 86%.

CG n = 36,

mean age – 64,

male – 94%.

IG = modified 

sternal 

precautions 

for 4–6 weeks.

CG = usual 

restrictive 

sternal wound 

precautions.

SPPB, 

upper-limb 

function, pain, 

kinesiophobia, 

QoL, sternal 

stability and 

adherence

at week 0, 

4 and 12.

No significant 

difference 

between groups 

SPPB at week 4 

(95% CI -0.2–2.3) 

or week 12 (95% 

CI -0.9–1.6), 

nor secondary 

outcomes. 

Both groups 

measurements 

improved with 

time after surgery.

No difference 

in sternal 

complications. 
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LaPier, 

2018

USA Survey physio-

therapists 

application 

of sternal 

precautions.

Question-

naire.

n = 29. NA. Descriptive 

questionnaire; 

type of sternal 

precautions, 

RoM restriction, 

weightlifting 

restriction, 

duration of 

restrictions, 

occurrence of 

dehiscence, 

sternal 

instability 

and pain.

Sternal 

precautions 

are commonly 

prescribed to 

patients following 

sternotomy, 

their application is 

highly variable.

Hong, 2017 Australia Does a 

continuous 

local 

anaesthesia 

improve 

pain control 

and walking 

distance post 

CABG.

RCT. n = 75.

IG n = 26

Mean age 60

Male 81%.

Sham group 

n = 25.

Mean age 62

Male 80%.

CG n = 24

Mean age 58

Male 83%.

IG – received 

0.5% 

Ropivacaine 

solution via 

two tunnelled 

parasternal 

catheters.

Sham group – 

as above with 

saline solution.

CG – standard 

pain therapies 

(PCA and oral 

analgesia).

Pain VAS 

score, walking 

distance, 

proportion 

of patients 

discharged 

on POD4.

No differences 

in pain before 

or after PT 

from POD1–4 

(p = 0.110).

No difference in 

distance walked 

between groups 

(p = 0.230).

No difference 

in number 

of patients 

discharged 

from PT on POD4 

(p = 0.510).

Sturgess, 

2014

Australia Do thoracic 

exercises 

improve 

pain, RoM 

and HRQoL 

following 

cardiac 

surgery.

RCT (pilot). n = 38.

IG n = 23,

mean age – 63,

male – 74%.

CG n = 15

mean age – 59,

male – 93%.

IG = 

individualised 

thoracic exercise 

programme 

plus walking 

programme.

CG = 2 × daily 

walking 

programme.

Shoulder and 

thoracic ROM, 

pain, HRQoL.

At 4 weeks IG 

group reported 

statistically 

significant 

less sternal 

pain (p = 0.03; 

95% CI -0.28–0.0). 

No difference at 3 

months (p = 0.79). 

IG perceived home 

PT contributed 

more to recovery 

(p = 0.04; 95% 

CI -2.1–0.0).
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First 

author

Source 

origin

Aim/purpose Design/

method-

ology

Sample size Comparison Outcome 

measures

Key findings

Patient and staff experience

Chang, 

2017

Taiwan Early illness 

experiences 

of unexpected 

heart surgery.

Qualitative 

descriptive 

Semi 

structured 

interviews.

n = 13. NA. NA. Themes: 

symptoms, 

physical and 

emotional 

disturbances, 

establishing new 

life and support 

after surgery. 

MDT input and 

education should 

be initiated as 

soon as possible 

to facilitate 

recovery.

Lapum, 

2016

Canada Facilitation 

and barriers to 

discharge post 

heart surgery.

Narrative 

account via 

2 interviews.

n = 17, 

10 patients

7 nurses.

NA. NA. Cognitive 

ability post-op 

impeded so 

pre-op education 

optimal time for 

education.

Recommend 

group and 

scenario based 

education. 

Support needed 

at home post 

discharge.
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First 

author

Source 

origin

Aim/purpose Design/

method-

ology

Sample size Comparison Outcome 

measures

Key findings

Bowen, 

2015

USA Does visual art 

displayed on 

walls motivate 

patients to 

walk more 

frequently 

and further 

distances.

Quasi-

experimental 

design.

n = 86

(included lower 

extremity.

revascular-

isation).

CG1 n = 34,

mean age – 61,

male – 80%,

cardiac surgery 

– 47%.

CG2 n = 25,

mean age – 63,

male – 63%,

cardiac surgery 

96%.

IG n = 31,

mean age – 63,

male – 76%,

cardiac surgery 

100%.

CG1 – usual 

hospital artwork 

on walls.

CG2 – no artwork 

on walls.

IG – artwork 

created by 

hospital staff 

on walls.

Distance walked, 

frequency 

walked, 

art experience.

Statistically 

significant 

difference in 

distance walked 

on day 1 in IG 

(p = 0.052).

No difference in 

frequency walked.

No statistically 

significant 

difference in LOS.

Statistically 

significant IG 

walked further 

on POD1 (median 

370 feet), 

than CG1 and 

CG2 (median 270 

feet) (p = 0.052).

No statistical 

significance 

difference in 

number of times 

walked per day.

No statistically 

significant 

difference was 

found in total 

mood disturbance 

among the 

three groups 

at discharge 

(p = 0.78).

Patients in 

IG reported 

higher positive 

art experience 

compared to CG1 

(p <0.05).
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First 

author

Source 

origin

Aim/purpose Design/

method-

ology

Sample size Comparison Outcome 

measures

Key findings

Adverse events

Sousa, 

2021

Brazil Adverse 

events during 

PT in ICU 

after cardiac 

surgery.

Prospective 

observational 

study.

n = 323 patients,

mean age – 59,

male 57%.

Assessed against 

12 physiological 

abnormalities or 

adverse events, 

plus severity 

rating.

935 PT sessions 

observed

46% of patients 

had at least 1 

adverse event.

20% incidence 

(95% CI 18–23%).

Incidence of 

adverse events: 

suction 44%, 

walking 40%, 

NIV 37%, 

sitting on edge 

of bed 28%, 

IPPB 26%.

Type of adverse 

events: 74% 

haemodynamic 

changes, most 

rated as near miss 

or mild severity.

6MWD = six minute walk distance, 6MWT = six minute walk test, ACBT = active cycle of breathing techniques, 
BiPAP = bilevel positive airway pressure, BP = blood pressure, CABG = coronary artery bypass graft, CG = con-
trol group, CPAP = continuous positive airway pressure, CPET = cardiopulmonary exercise test, CXR = chest 
XRay, DBEs = deep breathing exercises, DVT = deep vein thrombosis, EPAP = expiratory positive airway pres-
sure, ERAS = enhanced recovery after surgery, FEV1 = forced expiratory volume in the first second, FVC = forced 
vital capacity, HFNO = high flow nasal oxygen, HR = heart rate, HRQoL = health related quality of life, ICU = 
intensive care unit, IG = intervention group, IMT = inspiratory muscle training, IPPB = inspiratory positive 
pressure breathing, IS = incentive spirometry, KYMITT = Keep your move in the tube, LL = lower limb, LOS 
= length of stay, LVEF = left ventricle ejection fraction, MI:E = mechanical insufflation:exsufflation, MIP = 
maximal inspiratory pressure, MEP = maximal expiratory pressure, NIV = non-invasive ventilation, NMES = 
neuromuscular electrical stimulation, PCA = patient controlled analgesia, PEP = positive expiratory pressure, 
PFT = pulmonary function test, POD = post operative day, PPC = post operative pulmonary complications, 
PROMs = patient reported outcome measures, PT = physiotherapy, QoL = quality of life, RCT = randomised 
control trial, RoM = range of movement, RR = respiration rate, SpO2 = peripheral oxygen saturation, SPPB = 
short performance physical battery, SR = systematic review, UL = upper limb, VA = ventilator assistance, VAS = 
visual analogue scale, VT = tidal volume.
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