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Objective The aim of this systematic review was to identify exercise parameters and outcome measures used in cardiac
rehabilitation programs following median sternotomy, in the elderly cardiac population.

Study The screening process was completed by two independent researchers, with a third independent reviewer

Selection for overall agreement. Studies were selected if they included only cardiac patients aged >65 years who had
undergone valve surgery and/or coronary artery bypass grafting via median sternotomy, and who had
undertaken a postoperative cardiac rehabilitation exercise intervention assessing physical function and /or
cognitive recovery as outcomes.

Abbreviations: 6MWT, six minute walk test; CPET/GXT, cardiopulmonary exercise testing/graded exercise test; MacNew, MacNew Heart Disease Health
Related Quality of Life Instrument; SF-36, Medical Outcomes Study Short-form Health Survey; VO,pear, peak maximal oxygen consumption
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Data Two researchers independently completed the data extraction and quality assessment. Quality was assessed
Extraction using a modified Downs and Black tool.

Data In total, 11 articles were included for appraisal with respect to the quality of the study. Only two randomised
Synthesis controlled trials were suitable for meta-analysis. A higher volume of exercise was shown to have a positive

effect on functional recovery, assessed using the 6-minute walk test (6MWT) (mean difference = 26.97 m;
95% confidence interval [CI], 6.96-46.97; p = 0.008; I’ =0%). No significant improvement was shown
between additional exercise compared to standard care in improving VOypcar, maximal power output or
quality of life. No studies evaluated the effect of exercise on cognitive recovery.

Exercise significantly improves functional recovery in the post-surgical elderly cardiac population, how-

ever uncertainty still exists with regard to which modes of exercise and their specific parameters are most

Conclusions

effective in improving cognitive recovery.
Keywords
Introduction

In the early 1900s, cardiac rehabilitation was strictly bed-rest
due to the prohibition of all voluntary movements for a
minimum of 6-8 weeks [1,2]. Concern regarding the high
prevalence of thromboembolic and respiratory complications
lead to the inclusion of 1-2 hours of sitting out of bed in the
1940s [3], and the transition to a conservative walking pro-
gram in the 1950s, following the realisation that prolonged
hospitalisation decreased physical work capacity [4,5].
Throughout the 1970s, a minimal physical exertion approach
continued to be implemented, as a precautionary measure to
avoid increases in arterial hypoxaemia, arrhythmias and
sudden cardiac death [2,6]. Fast forward to the new millen-
nium and the benefits of multidisciplinary cardiac rehabili-
tation programs, early moderate intensity aerobic exercise [7]
and high intensity aerobic training [8,9] are supported by
robust evidence and are now recommended within current
cardiac rehabilitation guidelines [6,10-12].

Despite advances in interventional cardiology, each year
over 1.5 million cardiac operations are performed using the
median sternotomy incision, worldwide [13]. Patients under-
going this procedure are typically elderly with multiple
comorbidities [14], placing them at a higher risk of postop-
erative complications, including permanent cognitive
impairment. Up to 50% of patients have evidence of mild
cognitive impairment prior to undergoing surgery [15] and
15-40% of patients experience permanent cognitive
impairment, 3 months or longer after surgery [16-18]. This
is significant as mild cognitive impairment is considered a
precursor to dementia and cardiac surgery patients are at a
30% accelerated risk of progressing to dementia within 7.5
years after surgery, significantly impacting upon indepen-
dence and quality of life [19-21].

Exercise interventions, inclusive of aerobic and resistance
training, have been reported in the literature to have benefi-
cial effects on exercise capacity, inflammation, autonomic
function, muscular strength, balance, morbidity, mortality
and quality of life in the elderly; and as such, are an integral
part of cardiac rehabilitation following cardiac surgery
[22,23]. Tt has been hypothesised that progressive resistance

Sternotomy e Cardiac rehabilitation ® Cardiac surgery ® Cognitive Impairment

training augments the effects on insulin-like growth factor-
1, insulin sensitivity, and mediates inflammation and neuro-
trophic factor pathways associated with cognitive decline
and sarcopaenia [24,25], which is a factor in increased falls
risk, functional decline and frailty in this population [26].
Despite evidence to support the safety and efficacy of mod-
erate intensity exercise [7], that utilises the upper limb and
trunk, strict movement and lifting restrictions are enforced
postoperatively, in the form of sternal precautions to pre-
vent sternal complications. These factors pose a challenge to
health professionals in regards to exercise prescription
within cardiac rehabilitation, to promote postoperative
recovery. Current sternal precautions inadvertently pro-
mote physical inactivity, which can increase the risk of
postoperative complications, depression, weight gain, fur-
ther cardiovascular disease risk, and delay postoperative
recovery [27].

A review of cardiac rehabilitation guidelines worldwide
reported that aerobic training was the focus of international
exercise guidelines, however it was prescribed inconsistently
with respect to intensity, duration and frequency [28]. Price
et al. (2016) also noted that recommendations for resistance
training were not routinely included in cardiac rehabilitation
guidelines or position statements [28]. Furthermore, guide-
lines were generalised to all cardiac patients, with little
variation in exercise prescription between clinical conditions
[28]. However, cardiac rehabilitation is not a ““one size fits all
approach” [29]. There are considerations for the safe imple-
mentation of exercise for every cardiac condition, such as
time from the event and the intervention administered; and,
other patient-specific considerations, such as age, gender,
comorbidities, cultural beliefs, premorbid condition, exercise
preferences and cost. To date, there are no systematic reviews
that have investigated exercise parameters and outcome
measures in the elderly following cardiac surgery via a
median sternotomy. Thus, investigation of exercise in spe-
cific cardiac populations is warranted to further establish
what exercise prescription (mode, frequency, intensity and
duration) will optimise recovery following cardiac surgery,
to inform clinicians in tailoring exercise programs to the
individual patient [30].
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Therefore, the specific research questions for this system-
atic review were:

1 What is the optimal timing and mode of exercise pre-
scription for maximal functional and cognitive recovery
following median sternotomy?

2 Does the current literature regarding cardiac rehabilita-
tion following a median sternotomy meet Australian,
American cardiac  rehabilitation
guidelines?

3 Is there any consistency in the cognitive and physical
function outcome measures used in cardiac rehabilitation

and European

and are they used to inform exercise prescription?

Method

This review follows the Preferred Reporting Items for Sys-
tematic Reviews and Meta-Analyses (PRISMA) guidelines
and is registered on the International prospective register
of systematic reviews (PROSPERO No. CRD42018098617).

Data Sources

The search strategy consisted of three key concepts: cardiac
surgery type; exercise intervention; and cognitive or func-
tional outcomes. For each concept, keywords and Medical
Subject Heading Indexing (MeSH) term were combined with
the Boolean “OR” operator and concept search results com-
bined with the “AND” operator (see Appendix A for electronic
database search strategy).

The following electronic databases were searched for lit-
erature spanning a 20-year period from 1 January 1997 to 28
September 2018: PubMed, Medline, EMBASE, Cumulative
Index to Nursing and Allied Health Literature (CINAHL)
and SportsDiscus. In addition, a search for ongoing studies
was conducted on the following trial registries: Clinical Trials
Registry (www.clinicaltrials.gov), World Health Organisa-
tion (WHO) International Clinical Trials Registry Platform
(ICTRP) (apps.who.int/trialsearch/), and Australian New
Zealand Clinical Trials Registry (www.anzctr.org.au).

The reference lists of all relevant publications were
searched for any additional references or unidentified trials,
however publications remained limited to English only, due
to not having the resources to translate the publications. Grey
literature was also excluded.

Eligibility Criteria
All studies published in English between 1997-current that
reported on an adult (>65 years) population with coronary artery
disease who have undergone cardiac surgery via median ster-
notomy (i.e. coronary artery bypass graft or valve replacement),
were eligible for the review, irrespective of sex or ethnicity.
Studies where an exercise intervention was delivered with
the focus of improving a patient’s functional recovery and /or
cognitive function were included. The intervention could be
provided in an inpatient, outpatient, home-based or commu-
nity-based setting, with no restrictions on the length of the
intervention, program intensity or type of exercise.

Where intervention groups were compared to a control
group, the trials were only included if the control interven-
tion consisted of treatment as usual (e.g. standard medical
care) or no intervention.

The inclusion of any type of co-intervention was permitted,
provided the co-interventions were delivered to both study
groups equally. The possible introduction of confounding
variables will be discussed.

Study Selection

One reviewer (JP) screened the titles of all publications
obtained from the searches for inclusion. Titles needed to
appear potentially relevant to the study area. Abstracts of
the publications identified for potential inclusion were inde-
pendently assessed by two review authors (JP & MP), to
determine publication language; cardiac population; exer-
cise intervention and outcome measures. All identified
articles were marked as “‘retrieve” and full text electronic
copies were stored. Publications were excluded and marked
accordingly if they did not meet the inclusion criteria. If all
inclusion information could not be obtained from the
abstract, the full text articles were read and independently
screened for inclusion by two reviewers (JP & MP). A third
reviewer (RK) was consulted where any disagreement
occurred.

Data Extraction

Data extraction and risk of bias assessment were completed
independently by two reviewers (JP & MP). The Law and
MacDermid Quantitative Review form and guidelines [31]
were used to extract data from the included studies, whilst a
modified Downs & Black tool [32], which can be used to
assess both randomised and non-randomised controlled tri-
als, was used to determine study quality and risk of bias.
Study quality was classified according to corresponding
Downs and Black score ranges of excellent (26-28); good
(20-25); fair (15-19); and poor (<14) [32]. Any agreement
was resolved by discussion.

Where data was presented both numerically and graphi-
cally, the numerical data was used to reduce the risk of result
misinterpretation when estimating from the figures. Authors
were contacted requesting clarification of the missing infor-
mation where unclear or insufficient data was reported.

For the purpose of this review, exercise intervention will be
defined as any planned and structured physical activity
program developed with the intention of improving physical
conditioning and modifying outcomes. Outcomes are
included, but will not be limited to, cognitive function, func-
tional independence, exercise capacity, and muscular
strength.

Data Synthesis and Meta-Analysis

Given the wide range of exercise interventions and outcome
measures used across studies, we first summarised the exer-
cise prescription variables, including program length and
exercise duration, frequency, intensity and mode; and then
summarised the outcome measures used to assess the
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exercise interventions. Meta-analysis was conducted when
two or more studies reported the same units of outcome
measurements. Only randomised controlled trials which pro-
vided pre- and post-intervention data were included for
meta-analysis.

Data were pooled using a fixed-effect model, unless high
heterogeneity (I >50%) was evident, in which case a ran-
dome-effects model was used. Statistical heterogeneity was
assessed using the I? statistic. Meta-analysis results were
reported as means and 95% confidence intervals (CIs). Anal-
yses were performed in Review Manager (RevMan V.5.3, The
Cochrane Collaboration). Subgroup meta-analysis stratified
by different aspects/components of cardiopulmonary capac-
ity and quality of life were performed. A p-value<0.05 was
considered to indicate statistical significance.

Results
Study Selection

The database and reference list searches identified 2,720
unique references for possible inclusion. Review of the titles
and abstracts identified 194 for full-text review, of which, 11
publications met the criteria for inclusion (Figure 1) [33—43].

Study Characteristics

The 11 studies that were appraised included 1,797 patients
with coronary artery disease, who had undergone coronary
artery bypass grafting, valvular surgery or a combination of
both procedures [33-43]. Three (3) studies were randomised
controlled trials [34,36,38] and eight were experimental trials
[33,35,37,39-43]. Of the three randomised controlled trials,
two shared common outcome data [34,36], and therefore met
the criteria for meta-analysis. A summary of included study
characteristics and exercise intervention details are shown in
Table 1. Individual quality components and overall quality
analysis are shown in Figure A.1. Three (3) studies were
deemed of good quality [34,38,41], six of fair quality
[33,35-37,39,42] and two of poor quality [40,43]. The weakest
areas were the lack of power calculations and reporting of
confounding (selection bias). As many studies did not ade-
quately report specific aspects of their study design, they
may have been potentially graded as a lower level of quality.

Intervention Exercise Prescription

All 11 studies included aerobic training in their exercise
intervention, whilst eight also stated inclusion of resistance
training [33,34,37-42]. Program duration varied from 1 week
to 6 months, with four studies having implemented a
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Figure 1 The Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) flowchart outlining the
selection of studies included in the systematic review with meta-analysis.
Abbreviations: CINAHL, Cumulative Index to Nursing and Allied Health Literature; EMBASE, the Excerpta Medica

Database.



Table 1 Study characteristics and exercise intervention details of included studies.

Author

Brubaker et al.
(2003) [33]
Busch et al.
(2012) [34]

Dolansky et al.
(2004) [35]
Eder et al.
(2010) [36]
Macchi et al.
(2007) [37]
Molino-Lova

et al. (2013) [38]

Morisawa et al.
(2017) [39]
Onishi et al.
(2009) [40]

Opeasich et al.
(2010) [41]
Savage et al.
(2015) [42]

Willoughby
et al. (1997) [43]

Country

Germany

USA
Austria
Italy

Italy

Japan

Japan

Italy

USA

USA

Design

Experimental

RCT

Experimental
RCT
Experimental

RCT

Experimental

Experimental

Experimental

Experimental

Experimental

n=

173

89

73

300

140

30

32

240

576

92

Age

76

73

67

74

76

66

74

65

69

Cardiac
Procedure

CABG

CABG

CABG VS

CABG, VS, CABG & VS

CABG, VS, CABG & VS

CABG

CABG, VS, CABG & VS

CABG, VS

CABG

Frequency/Program
Duration

3x /week for 12
weeks

5x /week for 3
weeks

3x /week for 12
weeks
Daily for 4 weeks

Daily for 8-12 days

3x /week for

Duration not stated

1-2x/day, 5-7x/
week for 8 weeks
1-2x /week for 6
months

1-2x /day for 24
weeks

3x /week for 3
months

3x /week for 12
weeks

60 minutes

60-90 minutes

60 minutes

60 minutes

120 minutes

30 minutes

120 minutes/day

60 minutes

60 minutes

45-60 minutes

30-55 minutes

Intensity

50-70% HRpax
Borg RPE 11-13/20
1 set of 8-12
repetitions, 60% 1
repetition
maximum 13/20
Borg RPE

Not stated

Starting at 50%
max. power output
65-75% HR nax

Not stated

Not stated

Anaerobic
threshold Borg RPE
11-13/20

Borg RPE 12-13/20

70-85% HRpeax 65-
75% VOzpeax Borg
RPE 12-14/20
65-85% HRpax Borg
RPE 14-16

AT, RT,
Calisthenics,
Balance

AT
AT, Calisthenics
AT, RT, Stretching

AT, RT, Flexibility,
Balance,
Coordination

AT, RT, ADL
training

AT, RT, Stretching

AT, RT, Flexibility,
Balance
AT, RT

AT

Abbreviations: RCT, randomised controlled trial; CABG, coronary artery bypass grafting; VS, valve surgery; RPE, rating of perceived exertion; AT, aerobic training; RT, resistance training; ADL, activities of daily living;

HR oy heart rate maximum; HR a1, peak heart rate; VOypear, peak oxygen consumption.
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12-week cardiac rehabilitation program [33,35,42,43]. Exer-
cise frequency ranged from daily to once weekly for any-
where between 30 and 120 minutes, with five studies
prescribing thrice weekly sessions [33,35,38,42,43] and five
stating an exercise session duration of 60 minutes
[33,35,36,40,41]. Furthermore, preferred exercise intensity
was stated as being a light to moderate intensity, determined
by a Rating of Perceived Exertion (RPE) of 11-14/20 on the
Borg 620 scale, in five studies [33,34,40-42].

Outcome Measures

Eight (8) outcome measures were used to assess the effects of
the exercise interventions (Table A.1). Quality of life was
assessed using the Medical Outcomes Study Short-form
Health Survey (SF-36) [33,35,39,42] or MacNew Heart Dis-
ease Health Related quality of life Instrument (MacNew)
[34,36]. Six-minute walk test (6MWT) [34,36,37,39,41], short
physical performance battery or the timed up and go [34,41]
were used to assess functional capacity. Cardiopulmonary
exercise testing or graded exercise test (CPET/GXT)
[33,34,36,40,42,43] were used to measure exercise capacity.
Muscular strength was measured using handgrip dynamom-
etry [39,42] or isometric knee extension [34,39]. Of the eight
outcome measures used in the included studies, CPET/GXT
is the only outcome measure recommended for use in the
Australian [10], American [44] and European [11,45] exercise
testing guidelines for cardiac rehabilitation. Cognitive recov-
ery was not monitored or assessed in any of the included
studies.

Standard Care Versus Standard Care
Plus Additional Training

Two randomised controlled trials shared three common
outcome measures, which were CPET/GXT, MacNew
and 6MWT. Eder et al. (2010) evaluated the effect of
additional aerobic exercise to standard care [36], consist-
ing of 60 minutes daily, for 4 weeks; as opposed to Busch
et al. (2012) who evaluated the effect of additional resis-
tance and balance exercise, performed for 60-90 minutes,
five times per week for 3 weeks [34]. Both standard care
groups performed aerobic and calisthenics exercises.
Meta-analysis revealed that a higher volume of exercise,

compared to standard care, did not significantly improve
cardiopulmonary capacity or health related quality of life.
However, functional capacity was significantly improved
with the additional of a higher volume of exercise.

Effect of a Higher Volume of Exercise on
6MWT Distance

Two (2) studies compared additional exercise to standard
care assessed 6MWT distance as a measure of functional
capacity [34,36]. Pooling results across studies indicated that
a higher volume of training significantly improves 6MWT
distance compared to standard care alone, with no evidence
of statistical heterogeneity (mean difference = 26.97 m; 95%
CI, 6.96-46.97; p = 0.008; ?=0%) (Figure 2). Furthermore, the
addition of resistance and balance training significantly
improved functional capacity beyond that of additional aer-
obic training alone.

Effect of a Higher Volume of Exercise on
Cardiopulmonary Capacity

Maximal power output and VOapeac Were used to assess
cardiopulmonary capacity. Meta-analysis showed that,
whilst a higher volume of training was associated with a
trend towards improvement in cardiopulmonary capacity, it
did not reach statistical significance (mean difference = 0.72;
95% CI, -0.07-1.52; p = 0.07; I* = 0%) (Figure 3) [34,36].

Effect of a Higher Volume of Exercise on
Quality of Life

Pooling results of both studies [34,36] indicated that, over-
all, there was no significant difference between standard
care and additional exercise in relation to quality of life,
assessed using the MacNew (Figure 4). Differences
between the two groups were not statistically significant
in any domain.

Exercise Prescription Compliance With
International Guidelines

Three studies lacked sufficient detail to determine whether
they met the Australian, American and European guidelines
(Table A.2. Compliance with guidelines and Table A.3.
International guidelines) [35,38,39]. The aerobic training

Intervention Control Mean Difference Mean Difference
Study or Subgroup  Mean SD Total Mean SD Total Weight I, Fixed, 95% CI I, Fixed, 95% CI
Busch 2012 67 55.02 68 41 81.02 73 TT.5%  26.00[3.27,48.73]
Eder 2010 126.8 76.45 41 965 78.01 19 22.5% 30.30[-11.87,72.47] =
Total (95% CI) 109 92 100.0% 26.97 [6.96, 46.97] R
Heterogeneity: Chi®=0.03, df=1 (P =0.86), F=0% =0 35 G 75 a0

Test for overall effect: Z=2.64 (P =0.008)

Fawours Control Favours Intervention

Figure 2 Effect of additional exercise to standard care on 6-minute walk test distance. The solid vertical line indicates no
effect. The solid squares indicate the mean difference and are proportional to the weights used in the meta-analysis. The
diamond indicates the weighted mean difference, and the lateral tips of the diamond indicate the associated confidence

intervals (CI). The horizontal lines represent the 95% CI.
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Intervetion Control Mean Difference Mean Difference
Study or Subgroup  Mean SD Total Mean SD Total Weight IV, Fixed, 95% Ci IV, Fixed, 95% CI
2.1.1V02peak
Busch 2012 25 281 61 19 3.0 65 61.2% 0.60[0.42 1.62]
Eder 2010 48 276 41 41 231 18 353% 0.70[-0.64,2.04]
Subtotal (95% CI) 102 84 96.5% 0.64[-0.17, 1.45]
Heterogeneity: Chi*=0.01, df=1 (P = 0.91); F= 0%
Test for overall effect: Z=1.54 (P=0.12)
2.1.2 Maximal Power (watts)
Busch 2012 12 1473 64 10 14.73 69 25% 2.00[3.01,7.01] —
Eder 2010 265 1519 41 206 14.04 19 1.0% 5.90[1.94,13.74]
Subtotal (95% CI) 105 88 3.5% 3.13[-1.09,7.35] iR
Heterogeneity: Chi*= 0.67, df=1 (P=0.41); F=0%
Test for overall effect. Z=1.45{(P=0.15)
Total (95% CI) 207 172 100.0% 0.72[-0.07, 1.52]

Heterogeneity: Chi*=1.98, df=3 (P =0.58); F= 0%
Test for overall effect: Z=1.79 (P = 0.07)
Test for subgroup differences: Chi*=1.29, df=1 (P = 0.26), F= 22.7%

*

10 -5 0 5 10
Favours Control Favours Intervention

Figure 3 Effect of additional exercise to standard care on cardiopulmonary capacity, assessed via peak oxygen consumption
(VOszpear) and maximal power output. The solid vertical line indicates no effect. The solid squares indicate the mean
difference and are proportional to the weights used in the meta-analysis. The diamond indicates the weighted mean
difference, and the lateral tips of the diamond indicate the associated confidence intervals (CI). The horizontal lines represent

the 95% CI.

described in the Onishi et al. [40] study did not meet any of
the guidelines, whilst the remaining seven studies met at
least two of the three international guidelines for aerobic

reporting resistance training to be included within their
program, the intervention details were insufficient to
determine whether they adhered to international resis-

training  [33,34,36,37,41-43]. Despite eight studies tance training guidelines.
Intervention Control Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight N, Fixed, 95% Cl IV, Fixed, 95% CI|
3.1.1 Emotional
Busch 2012 08 1.1 65 0.7 1.06 61 127% 010[0.28, 048]
Eder 2010 0.7 061 41 0.9 0.69 19 13.9% -0.20[0.56,0.16]
Subtotal (95% CI) 106 80 26.5% -0.06[-0.32,0.20] =R
Heterogeneity: Chi*=1.26, df=1 (P=0.26); F=21%
Testfor overall effect: Z=0.43 (P = 0.67)
3.1.2 Physical
Busch 2012 1 1.01 65 1 12 61 121% 0.00[0.39,0.39]
Eder 2010 1.2 0.87 41 11 08 19  91% 010[0.35 0.55]
Subtotal (95% CI) 106 80 21.1% 0.04[-0.25,0.34] —e AR —
Heterogeneity: Chi*=0.11, df=1 (P=0.74), F= 0%
Testfor overall effect: Z=0.29 (P=0.77)
3.1.3 Social
Busch 2012 1 098 65 09 114 61 131% 010[0.27, 047
Eder 2010 1.2 0.78 41 0.9 0.66 19 125% 0.30[-0.08,0.68]
Subtotal (95% CI) 106 80 25.7% 0.20[-0.07, 0.46] ——oROHEER—
Heterogeneity: Chi*= 0.54, df=1 (P =0.46), F=0%
Test for overall effect: Z=1.46 (P =0.15)
3.1.4 Global
Busch 2012 0.9 092 65 09 1.04 61 154% 0.00[0.34,0.34]
Eder 2010 0.9 0.78 41 1 072 18 11.2% -0.10[-0.50,0.30]
Subtotal (95% CI) 106 80 26.6% -0.04[-0.30,0.22] e
Heterogeneity: Chi*=0.14, df=1 (P=0.71); F= 0%
Test for overall effect: Z=0.32 (P = 0.75)
Total (95% Cl) 424 320 100.0% 0.03[-0.10,0.17]

Heterogeneity: Chi*= 4.29 df=7 (P=0.75), F=0%
Testfor overall effect: Z=0.49 (P=0.63)
Testfor subaroup differences: Chi*= 224, df=3(P=0.52), F=0%

-

.05 025 0 025 05
Favours Control Favours Intervention

Figure 4 Effect of additional exercise to standard care on quality of life. The solid vertical line indicates no effect. The solid
squares indicate the mean difference and are proportional to the weights used in the meta-analysis. The diamond indicates
the weighted mean difference, and the lateral tips of the diamond indicate the associated confidence intervals (CI). The

horizontal lines represent the 95% CI.
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Discussion

Our review showed that aerobic training has been the pri-
mary focus of research into the recovery of elderly median
sternotomy patients over the past 20 years. However, there
was significant variability in the exercise frequency, inten-
sity, program length and session duration prescribed. Fur-
thermore, no consistent outcome measures were used to
assess exercise intervention effect, and its impact of function
and cognition. Consequently, we were unable to determine
the optimal timing and mode of exercise prescription for
optimal functional and cognitive recovery following a
median sternotomy.

The included studies were conducted in the USA,
Germany, Austria, Italy and Japan, which perhaps explains
the variance in exercise intervention design. In addition, in
this systematic review we found that whilst some studies
met aspects of the Australian, American or European car-
diac rehabilitation guidelines, none were consistent across
all guidelines. This is further explained by the differing
guidelines in each geographical region, which is supported
by the finding by Price et al. (2016) that there is no consensus
on cardiac rehabilitation exercise guidelines, globally [28].
Furthermore, international cardiac rehabilitation guidelines
for exercise prescription and exercise testing are not tailored
to specific cardiac populations [28]. This poses a potential
problem, as cardiac surgeries via median sternotomy have
inherent risks that do not exist with less invasive proce-
dures, such as percutaneous coronary interventions, myo-
cardial infarction or acute coronary syndromes. These risks
include compromised recovery, sternal complications,
wound infection and considerations for the method of ster-
nal closure. In particular, LaPier et al. (2007) have reported
that cardiac surgery patients can experience deficits in their
physical function for 6-12 months following surgery [46],
whilst 15-40% of patients continue to experience permanent
cognitive impairment for 3 months or longer after surgery
[16-18].

Outcome Measures Used in Cardiac
Rehabilitation

The Australian guidelines are the most comprehensive and
multi-faceted of the three international guidelines used in
this review, including recommended outcome measures for
aerobic, strength, function/balance, walking speed and
upper limb exercise capacity. Only CPET/GXT is recom-
mended for exercise testing in all three international guide-
lines (Table A.4.) [10,11,44,45]. Despite the Short Physical
Performance Battery (SPPB) and isometric knee strength tests
being used in this population, they are not recommended in
any of the guidelines [10,11,44,45]. Furthermore, meta-anal-
ysis was able to be conducted using results from the Mac-
New, however, it is not an outcome measure that has been
validated in the cardiac surgery population.

Assessment of cognitive function was a key focus of this
review, given the high prevalence of postoperative cognitive

impairment. However, it is not currently recommended as
part of routine cardiac rehabilitation evaluation [10,11,44,45],
which is mostly likely why it has not been investigated in this
population [10,11,44,45].

Exercise Prescription for Optimal
Cognitive Recovery

Despite emerging evidence regarding the impact of cardiac
surgery on cognitive function and the benefits of exercise on
cognitive recovery, none of the included studies assessed
cognitive recovery in relation to cardiac rehabilitation. As
such, this review was unable to determine what exercise
prescription optimised postoperative cognitive recovery,
nor what outcomes measures evaluated cognitive recovery
in the elderly cardiac population. Australian guidelines rec-
ommend that cognitive assessment should be undertaken ‘if
clinically indicated’. However, this is problematic as preop-
erative cognitive impairment often goes undiagnosed and
unrecognised, and the guidelines fail to establish criteria for
when cognitive assessment is clinically indicated in this
population. Royse et al. (2017) identified that 30-50% of
patients show evidence of cognitive impairment, without a
pre-existing diagnosis [15]. This is significant, as postopera-
tive cognitive impairment is more prevalent than cerebral
complications, such as cerebral infarction and transient
ischaemic attacks (1.3%) [47,48]. Moreover, it accelerates risk
of progression to dementia by 30% within 7.5 years of surgery
[19-21].

There is experimental evidence exercise interventions of
only one session per week result in improved cognitive
function (memory, focus and reaction time) and may pres-
ent as an effective primary prevention strategy for cogni-
tive decline and the progression to dementia [22,24].
Moderate intensity resistance training accelerates
improvements in cardiovascular fitness, cognitive func-
tion, muscle function quality (mass, quality and strength),
induction and regulation of growth factors, and modula-
tion of systemic inflammation [22,23]. A decline in cogni-
tive function can not only lead to an increased risk of
progression to dementia, but also a greater reliance on
family and carers for assistance with activities of daily
living. Therefore, monitoring of cognitive recovery should
be conducted preoperatively, providing a baseline com-
parator for postoperative cognitive assessment; and the
effect of exercise on cognitive recovery investigated.

Exercise Prescription for Optimal
Functional Recovery

This review has found that higher volumes of exercise train-
ing can lead to significant improvements in functional capac-
ity, however no differences were found between additional
exercise and standard care in improving cardiopulmonary
capacity or quality of life. Higher physical activity levels have
also been shown to correlate to a 28% reduction in cognitive
decline [49]. However, our review found that exercise is
typically prescribed at a low-moderate intensity. This finding
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is supported by a Cochrane review of cardiac rehabilitation
for coronary heart disease by Anderson et al. (2016), which
found that standard care traditionally involves low intensity
aerobic exercise and at times low resistance weights [50]. The
commencement of early, moderate-intensity aerobic exercise
following cardiac surgery has been shown to be safe, and
significantly improves functional and aerobic capacity [7,51].
However, the effects of early moderate intensity resistance
training following cardiac surgery are unknown.

Our review noted greater improvements in functional
capacity with the addition of resistance and balance training
to standard care, as opposed to the addition of aerobic exer-
cise alone. This could suggest that shorter cardiac rehabilita-
tion programs, consisting of both aerobic and resistance
training, may lead to greater improvements in postoperative
recovery than longer duration aerobic training programs.
This finding reflects the Australian, American or European
guidelines, which recommend the inclusion of both aerobic
and resistance training within cardiac rehabilitation pro-
grams (Table A.3.) [10,11,44,45]. However, we were unable
to establish whether any of the studies met the international
resistance training guidelines, as insufficient exercise pre-
scription detail was reported.

Whilst resistance training may lead to greater improve-
ments in both physical and cognitive postoperative recov-
ery, the findings of this review emphasise the lack of
research in this area. Thus, future research is required to
investigate the safety and efficacy of specific resistance
training following median sternotomy procedures and its
effect on cognitive function in the elderly cardiac
population.

Study Limitations

Several limitations need to be acknowledged. The
searches were limited to publications written in English
due to a lack of resources and personnel able to translate.
Furthermore, publications were excluded if there was no
full text available due to the lack of sufficient detail
required for interpretation. This may have led to the
exclusion of additional studies, potentially affecting the
results of this review. The quality of the included studies
also limited the strength of the results of this review.
Common weaknesses in study design were the small
sample sizes, lack of a control group, randomisation
and blinding. Blinding of outcome assessors was incon-
sistently reported, thus increasing risk of bias and
decreasing overall study design quality. The assessment
of bias was also limited due to incomplete reporting in all
of the study types; therefore the effect of exercise could
have potentially been underestimated in this review. Due
to the lack of consistency amongst the outcome measures
used, and the lack of presence of a control group in the
majority of studies, meta-analysis was limited to two
studies. The varying international exercise prescription
and exercise testing guidelines, and inconsistent outcome
measures used, poses a potential challenge for interpre-
tation of future research. These factors limit the strength

of the conclusions drawn. Future studies should include
reliable and valid outcome measures of cognition and
cognitive recovery to evaluate the impact of various
modes, intensities, frequencies and durations of exercise
programs following cardiac surgery. This is particularly
important in the elderly population due to the higher
incidence of preoperative and postoperative cognitive
impairment. In addition, future research should incorpo-
rate large sample sizes with consistent outcome mea-
sures, given the robust evidence to support exercise as
an intervention in this population.

Conclusion

Higher volumes of exercise training improves physical
recovery in the elderly cardiac population compared to stan-
dard care, following median sternotomy. However, more
clarity is needed in regard to the exercise parameters (fre-
quency, program duration, session duration, mode and
intensity) that are most effective in optimising physical
and cognitive recovery.
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