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ABSTRACT

Objective To systematically review the impact of
prehabilitation on objectively measured physical activity
(PA) levels in elective surgery patients.

Data sources Articles published in Web of Science Core
Collections, PubMed, Embase (Ovid), CINAHL (EBSCOHost),
Psycinfo (EBSCOHost) and CENTRAL through August 2020.
Study selection Studies that met the following criteria:
(1) written in English, (2) quantitatively described the
effect(s) of a PA intervention among elective surgery
patients prior to surgery and (3) used and reported
objective measures of PA in the study.

Data extraction and synthesis Participant
characteristics, intervention details, PA measurement,
and clinical and health-related outcomes were extracted.
Risk of bias was assessed following the revised Cochrane
risk of bias tool. Meta-analysis was not possible due to
heterogeneity, therefore narrative synthesis was used.
Results 6533 unique articles were identified in the
search; 21 articles (based on 15 trials) were included

in the review. There was little evidence to suggest that
prehabilitation is associated with increases in objectively
measured PA, but this may be due to insufficient
statistical power as most (n==8) trials included in the
review were small feasibility/pilot studies. Where studies
tested associations between objectively measured

PA during the intervention period and health-related
outcomes, significant beneficial associations were
reported. Limitations in the evidence base precluded

any assessment via meta-regression of the association
between objectively measured PA and clinical or health-
related outcomes.

Conclusions Additional large-scale studies are needed,
with clear and consistent reporting of objective measures
including accelerometry variables and outcome variables,
to improve our understanding of the impact of changes

in PA prior to surgery on surgical and health-related
outcomes.

PROSPERO registration number CRD42019151475.

INTRODUCTION

Preoperative levels of physical fitness have
been positively associated with surgical
outcomes, including lower risk of postop-
erative morbidity and mortality." This may
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Strengths and limitations of this study

» This review is the first to synthesise the findings of
prehabilitation interventions in which objective mea-
surements of physical activity were used.

» A systematic approach was used and evidence
across surgery types was included.

» Meta-analysis and meta-regression were not pos-
sible due to heterogeneity in measurements and
reporting conventions.

be because preoperative physical fitness is
indicative of the body’s capacity to withstand
the stress of surgery,’ which may in turn
contribute to a faster recovery from surgery
and a quicker return to preoperative physical
functioning levels. As postoperative morbidity
is a substantial burden on health systems and
can have adverse impacts on patients’ health
and well-being,’ interventions to reduce
the risk of poor postoperative outcomes are
important.

In recent years, exercise interventions prior
to surgery (‘prehabilitation’) have become
increasingly recognised as a way to improve
surgical outcomesacrosssurgerytypes.”*There
is diversity in prehabilitation programme
methods and contents (eg, supervised exer-
cise training, home-based physical activity
(PA) programmes, educational sessions), but
all share the key goal of improving patients’
functional capacity in advance of surgery in
order to improve clinical outcomes following

surgery.”® Across surgery types, a number of

systematic reviews and meta-analyses have
concluded that prehabilitation is effective
for increasing patients’ functional capacity,”’
reducing patients’ length of hospital stay'*™"?
and reducing the likelihood of postoperative
complications." ™

A key element that has received little atten-
tion within the context of prehabilitation is
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the use of objective measures of PA such as accelerometry.
Accelerometers capture free-living movement of all inten-
sities, usually over a week-long period, and can be used
to estimate time spent in moderate-to-vigorous physical
activity (MVPA) or light-intensity PA, average daily accel-
eration or average steps per day.'” '* While there is some
variation in the validity of accelerometer measurements
(drivenlargelybyvariationinwear protocolspecifications),
accelerometers have been shown to have near-perfect
agreement with direct observation for the classification
of PA intensity'** and have higher measurement validity
than subjective methods.*® To date, most prehabilitation
interventions have used self-report methods to estimate
changes in PA levels across the intervention period.”
However, self-reported measures of PA are not well-suited
to capturing changes in PA levels over time®® and the high
measurement error of self-report methods for estimating
total PA severely limits the interpretability of the findings.
Use of accelerometry within the context of prehabilita-
tion could overcome these limitations, enabling stronger
estimates of the impact that prehabilitation may have on
PA levels prior to surgery and the subsequent impact on
clinical outcomes. The extent to which accelerometry has
been used in prehabilitation interventions is not currently
known.

This review seeks to synthesise the available literature
that has used objective (ie, device-based) measures of PA
within the context of prehabilitation. The specific aims
of this systematic review are (1) to assess the impact of
prehabilitation interventions on objectively measured PA
levels and (2) to determine meta-associations between
objectively measured PA levels during the prehabilitation
period on health-related and clinical outcomes.

METHODS

Information sources and search strategy

The protocol for this review was registered with PROS-
PERO. Six databases (Web of Science Core Collections,
PubMed, Embase (Ovid), CINAHL (EBSCOHost),
PsycInfo (EBSCOHost), Central) were systematically
searched in August 2020 using broad search terms to
capture exercise interventions related to surgery (online
supplemental file 1). The search was not limited by publi-
cation date but was restricted to publications written in
English. The citations of included articles were checked
and, if relevant, were included in the review.

Eligibility criteria

Studies were included in the review if they (1) quantita-
tively described the effect(s) of a PA intervention among
elective surgery patients prior to surgery and (2) used
and reported objective measures of PA in the study. There
were no limits to the kind of surgery for which patients
were scheduled, nor were there restrictions on the preha-
bilitation programme contents or structure. Exclusion
criteria included (1) no reported objective measures of

PA and (2) observational studies in which no PA interven-
tions were implemented.

Study selection and data extraction
Titles and abstracts of the search results were screened
for relevance. A subsample (10%) was screened inde-
pendently by two reviewers (JW and Dr Sonia Ahmed)
for eligibility to check consistency and agreement (which
was high, 97%) before the lead author continued with the
remainder of the screening. The full texts for any articles
with relevant abstracts were consulted for eligibility.
Eligible studies were read and their data were extracted
by the lead author using a prespecified data extraction
form adapted from Booth et a” including general study
details, study design and methodology, sample character-
istics, statistical analyses and main study findings. Risk of
bias was assessed by the lead author (JW) following the
revised Cochrane risk of bias tool (RoB 2).%® A second
author (AK) independently assessed the risk of bias for
a subsample (20%) of articles; agreement between both
authors’ assessments was high. Risk of bias was done for
each article (even where multiple articles reported on the
same trial) because outcome variables and prevalence of
missing data differed between articles and thus required
separate consideration.

Synthesis of results

Because of lack of data and inconsistencies in the ways
in which outcome data were reported, meta-analysis
was not possible. A narrative synthesis was used instead
to summarise the review findings. Throughout the
narrative, we present the findings in order of study
rigour, primarily in terms of study design, for example,
randomised controlled trials (RCTs) first. We also discuss
changes specific to the intervention period (ie, preinter-
vention and postintervention) first before discussing any
measurements gathered from the follow-up period.

Patient and public involvement
No patients involved.

RESULTS

Study selection and characteristics

The flow of studies through the review is shown in figure 1.
After the removal of duplicates, 6533 unique articles were
screened. In many cases, it was not immediately clear
from the title and abstract of relevant articles whether PA
was measured objectively, thus the full-text was consulted
for a large number of articles.

Twenty-one articles reporting on 15 separate trials were
eligible for inclusion in the review (table 1). Over half
(n=8) ofthe trialsidentified themselves asfeasibility or pilot
studies. The majority of trials (n=9) were based in Europe
(n=4 of these in the UK) with the remainder (n=6) based
in North America (n=3 in the USA, n=3 in Canada). Nine
trials were RCTs with sample sizes ranging from 17 to 118;
five were single-arm trials with sample sizes ranging from

2

Wagnild JM, et al. BMJ Open 2021;11:049202. doi:10.1136/bmjopen-2021-049202

"1ybuAdoa Aq pa1oslold 1sanb Aq TZ0zZ ‘8z 1290190 Uo jwod[wg uadolwg//:dny wol) papeojumoq "TZ0z Jaqua1das / uo z20z6t0-T20z-uadolwa/ogTT 0T Se paysignd isii :uado NG


https://dx.doi.org/10.1136/bmjopen-2021-049202
https://dx.doi.org/10.1136/bmjopen-2021-049202
http://bmjopen.bmj.com/

)

Records identified through
database searching
(n =8340)

Additional records identified
through other sources
(n=1)

| |

Records after duplicates removed
(n=6533)

|

Records screened Records excluded
(n=6533) (n=5819)

Identification

| o |

Full-text articles assessed Full-text articles excluded,
for eligibility with reasons (n = 693):
(n=714) No objective measures of physical
activity reported (n=461)

No pre-surgery physical activity
intervention (n=79)
Conference abstract (n=91)
Inappropriate study design (n=33)
Not in English (n=21)

Eligibility

J [

Study protocol (n=7)
Duplicate record {n=1)

Articles included in
narrative synthesis
(n=21)

Included

J

Figure 1 Flow of studies through the review.

12 to 50 and one was a non-randomised parallel group
trial (n=35). Most of the trials (n=7) involved patients
preparing for cancerrelated surgery; the remainder were
patients preparing for bariatric surgery (n=2), kidney or
liver transplantation (n=2), orthopaedic surgeries (n=2),
coronary artery bypass grafting (n=1) or general major
surgery (n=1).

The prehabilitation interventions were highly variable
and diverse in terms of duration and content (table 2). In
11 of the trials, the interventions consisted of structured
exercise training programmes that involved either super-
vised training sessions in a facility (n=6) or unsupervised
home-based programmes (n=b5). In four trials, the inter-
ventions consisted of education-based or behavioural
change programmes in which patients were given advice
or counselling regarding PA but were not given a detailed
programme to follow. One study used both exercise
training and education within the intervention.” The
duration of the interventions ranged from a one-off infor-
mation session to a structured and supervised 3-month
to 6-month programme while patients awaited bariatric
surgery.

The measurements of PA used in each trial are
described in tables 3 and 4. Ten trials objectively
measured PA during the intervention period (table 3)
and seven trials objectively measured PA postoperation
(table 4); two trials measured PA at both time points and
are thus counted two times here. The most common type
of accelerometer used was the Actigraph (n=6 trials) and
the most common wear protocol (regardless of acceler-
ometer brand) was hip-worn (n=6) followed by wrist-worn
(n=4). Daily steps were the most frequently measured
metric of PA (n=9) followed by indices of overall PA (eg,
mean counts per minute, total active minutes; n=7) and
time spent in MVPA (n=6), although the definitions of
MVPA varied between trials. Most trials measured more

than one metric, for example, three trials measured both
steps per day and time spent in MVPA.

Impact of prehabilitation on PA levels

Eight trials reported on changes in objectively measured
PA from baseline to postintervention® or the end of the
intervention period®®*” (table 3). Among RCTs or non-
randomised parallel group trials (n=4), only one study
reported a significant difference: Bond et a' reported a
significantly larger improvement in MVPA and steps per
day in the intervention group compared with the control
group from baseline to postintervention. The remaining
RCTs/parallel studies reported no differences between
intervention and control groups in objectively measured
total PA level® ** % or steps per day”®**** ¥ from baseline
to postintervention® ** or baseline to the end of the inter-
vention.* ¥’ Single-arm trials tended to report significant
increases in PA across the intervention period. Grimes et
al* and McAdams-DeMarco et al® reported significant
increases in objectively measured total PA from base-
line to the end of the intervention and Williams et af”
reported a significant increase in steps per day. Alejo et
al” found no difference in MVPA from baseline to the
end of the intervention.

Seven trials (all RCTs) compared objectively measured
PA levels in terms of total PA, time in MVPA and light phys-
ical activity (LPA), and steps per day between the inter-
vention and control groups in the postoperative period,
ranging from postoperative day 1 to 1 year following
surgery”’ ** (table 4). Four trials made cross-sectional
comparisons between the PA levels of the intervention
group and control group in the postoperative period, and
all four studies found significant differences.”®*' Three
of these reported that PA levels were higher among the
prehabilitation group in terms of total PA on postoper-
ative day 1,”® steps per day at 6 months*’ and steps per
day 1 year™ following surgery; the fourth study found
that the prehabilitation group had fewer steps per day
than the control group in the immediate postoperative
period.* The remaining three trials compared changes
in PA levels from baseline to the postoperative period (3
months) and found no significant differences in change
in MVPA,** total PA,* ** steps per day,” ** light PA* or
sedentary time* between the intervention and control
groups in the postoperative period.

Impact of objectively measured PA on health-related
outcomes

Four trials tested associations between changes in objec-
tively measured PA over the intervention period and
health- and clinically-related outcomes.*™*" Bond et al**
reported that increases in MVPA (accumulated in bouts
lasting 210 min) during the intervention period were
associated with significant improvements in health-
related quality of life in terms of physical function ($=0.43,
p=0.04), bodily pain (f=0.39, p=0.03) and general health
(B=0.56, p=0.048) (no CIs were reported). Among the
same sample, increases in MVPA were not associated

Wagnild JM, et al. BMJ Open 2021;11:049202. doi:10.1136/bmjopen-2021-049202

"1ybuAdoa Aq pa1oslold 1sanb Aq TZ0zZ ‘8z 1290190 Uo jwod[wg uadolwg//:dny wol) papeojumoq "TZ0z Jaqua1das / uo z20z6t0-T20z-uadolwa/ogTT 0T Se paysignd isii :uado NG


http://bmjopen.bmj.com/

Open access

Table . Generalstudy characteristios

Intervention Control Intervention Control arm

Study Location Study design Surgery type arm n armn arm age age

Au et al*® Canada RCT Radical 19 19 61.427.8 58.46.1
prostatectomy
Bond et al USA RCT Bariatric surgery 40 35 44.2+9.2 48.1+8.1
314445
22 14 46.419.1 47.9+6.8
Bond et a/*® * *
Grimes et al* UK Single-arm High-risk 35 N/A 79.9+5.6 N/A

surgery among
elderly patients
(including
orthopaedic,
gastrointestinal,
urological,
vascular,
gynaecological
and breast
surgeries)

Huber et al*® Switzerland RCT Total knee 22 23 68.8+8.0 71.9+8.1
replacement

Loughney et al*® UK Non-randomised  Surgery for rectal 23 10 64 (range 72 (range
West et al*’ parallel group cancer 45-82) 62-84)
22 13 64 (range 72 (range
45-82) 62-84)

Moug et ai** UK RCT Surgery for rectal 24 24 65.2+11.4 66.5+9.6
Moug et al’’ cancer with
NACRT
20 24 66.8+9.6
(both arms
combined)

Sawatzky et al*® Canada RCT Elective coronary 8 9 647 639
artery bypass
graft
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NACRT, neoadjuvant chemoradiotherapy; RCT, randomised controlled trial.

with changes in enjoyment, self-efficacy or motivation  intervention period were less likely to experience post-
for PA (only p values were reported, ranging from 0.20  operative pulmonary complications. In a single-arm trial,
to 0.90).* Dronkers et al'® reported a significant correla- Ngo-Huang et al” reported that accelerometer-measured
tion (rpb=0.50, p=0.02; no CIs reported) such that those MVPA and LPA averaged over the prehabilitation period
with more objectively measured steps per day during the ~ were each associated with improvement in 6 min walk test
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distance (MVPA B=0.18, p=0.03; LPA =0.08, p=0.03) and
perceived physical functioning (MVPA $=0.03, p<0.01;
LPA $=0.01, p=0.02); MVPA was also associated with phys-
ical well-being (B=0.01, p=0.04) and LPA was associated
with change in health-related quality of life from base-
line to end of intervention ($=0.03, p=0.02 and $=0.02,
p<0.01 for Functional Assessment of Cancer Therapy-
Hepatobiliary and Functional Assessment of Cancer
Therapy-General subscales, respectively).

Due to high heterogeneity of the studies included in the
review, it was not possible to determine meta-associations
between objectively measured PA levels during the preha-
bilitation period and health-related or clinical outcomes.
The findings of each trial in relation to the impacts of
the interventions on health and clinical outcomes are
detailed in tables 3 and 4. These results are not discussed
further in the text because, due to our inclusion criteria,
the studies included in this review represent a very small
subgroup of the larger body of evidence that has exam-
ined impacts of prehabilitation on these outcomes.

Risk of bias

Risk of bias was deemed to be high for nine articles
and low for seven articles; some concerns were noted
for the remaining five articles (online supplemental
file 2). The most common sources of bias came from
issues during randomisation or lack of randomisation all
together, reflecting the pilot/feasibility nature of most of
the studies. We did not identify high risk of bias in the
measurement of the outcome in any articles.

DISCUSSION

This review identified 21 articles based on 15 separate
trials that used objective measures of PA within PA inter-
ventions prior to surgery. There was a high degree of vari-
ability across the studies in terms of surgery type, nature
of the prehabilitation intervention, outcome measure-
ments, and completeness in the reporting of PA measure-
ments and outcome variables. The lack of complete and
consistent reporting meant that meta-analysis could not
be used to estimate pooled effects across studies or to
examine the relationships between changes in objectively
measured PA and clinical outcomes. Additionally, almost
half of the included studies were small feasibility or pilot
studies that were not statistically powered to detect asso-
ciations that were being tested. There is a clear need for
more widespread use of accelerometry within large-scale
prehabilitation interventions, alongside transparent and
consistent reporting of predictor and outcome variables,
to improve our understanding of the impact that preha-
bilitation may have on PA levels and on subsequent clin-
ical outcomes.

Across the studies that examined the impact of preha-
bilitation on objectively measured PA levels during the
intervention period, there was no clear effect. Only one
of three RCTs reported a significantly larger increase
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Table 4 PA measurements and findings in the postoperative period (all randomised controlled trials)

Study

Physical activity
variables and their
definitions

Device used and wear
protocol

Physical activity findings

Clinical/health-related
outcomes and findings

Au et al*®

Baillot et a/*®

Bond et a/*®

Wrist-worn Actiwatch

2 provided shortly

after surgery (either in
postanaesthetic care

unit or on admission to
the ward) with inpatient
measurement starting at
08:00 on postop day 1 for
24 hours and outpatient
measurement starting at
08:00 the first day after
discharge for 7 days
Minimum wear
requirement: >10 hours per
day (number of days not
specified)

Non-wear defined as zero
activity for 60 consecutive
minutes

Hip-worn Actigraph GT3X+ Sedentary time (<100
worn during all waking cpm), LPA (100-1951
hours for 7 days after the cpm), moderate PA
1-year assessment (1952-5724 cpm) and
Minimum wear vigorous (>5724 cpm)
requirement: >9 hours per Steps per day

day on >4 consecutive

days

Non-wear classified as 180

min of consecutive zeroes

Time spent in total
physical activity (>100
cpm)

SenseWear armband worn Time spent in MVPA (>3
on the upper right triceps METs as determined by
muscle during all waking ~ SenseWear proprietary
hours for 7 consecutive software) in total and
days at baseline, accumulated in 10 min
postintervention, and at 6 bouts, and steps per day
months postoperation

Minimum wear

requirement: >6 hours of

wear per day on >4 days

at all timepoints

The intervention group
had significantly higher
total physical activity
than the control group on
postoperative day 1 (mean
difference 117.5 (95% CI
0.04 to 235.0) min)

There was no difference
between groups in total
physical activity during
postdischarge week 1
(mean difference

—42.6 (95% CIl -134.0 to
48.7) min)

Compared with the
control group, intervention
group had significantly
higher steps per day and
longer duration of light
and moderate PA per day
1 year following surgery
(shown graphically;
numbers not available).
The daily duration of
vigorous PA (0.02+0.10 vs
0.01+0.00 hours per day,
p=0.42) and sedentary
time (10.4+1.2 vs 10.7+1.6
hours per day, p=0.62) did
not differ between groups

The intervention group
had higher steps per

day than the control

at postintervention
(7950+3286 vs
5601+3368, p=0.031)

and at 6 months
postoperation (7870+3936
vs 5087+2603, p=0.024).
The intervention group
also had higher MVPA
(accumulated in 10 min
bouts) compared with the
control at postintervention
(26.3+21.3 min vs
11.4+16.0 min, p=0.016)
but not at 6 months
postoperation (28.7+26.3
min vs 18.5+28.2 min,
p=0.15).

No differences in length of
stay or days of catheterisation
between groups

From baseline to 1-year
postsurgery, changes in
6MWT heart cost, half-squat
test and BMI were larger

in the intervention group
compared with the control
group

No differences between
groups in arm curl and sit-
to-stand tests, maximal
aerobic capacity, weight-
related quality of life, physical
exercise beliefs and barriers,
self-reported PA, neck
circumference, fat mass,
resting heart rate or blood
pressure

N/A

Continued
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Table 4 Continued

Device used and wear

Physical activity
variables and their

Clinical/health-related

Study protocol definitions Physical activity findings outcomes and findings
Guinan et a/*' Hip-worn Actigraph Daily average LPA On postoperative day 1,  In the preoperative period,
GT3X attached with minutes (100-2019 cpm), the control group had the intervention group
adhesive tape and total active minutes, and higher LPA (median 14.5 showed significantly larger
worn continuously from steps (IQR=13.0) vs 4.5 (IQR improvements in maximal
postoperative day 1 to 13.75) min/day, p=0.03), inspiratory pressure and
postoperative day 6 with higher total active minutes inspiratory muscle endurance;
data from 12:00 on POD1 (median 15.5 (IQR 14.0) there were no differences in
to 08:00 on POD6 used in vs 5.0 (IQR 16.0), p=0.03) 6MWT distance.
analysis and higher steps per In the postoperative period,
day (115.0 (IQR 299.3) B6MWT distance was
vs 43.5 (IQR 143.5), significantly lower in the
p=0.04) compared with intervention group compared
the intervention group. with the control. There were
Time in LPA, total physical no differences in maximal
activity, and total steps inspiratory pressure or oxygen
per day did not differ saturation between groups
between the two groups
on postoperative days 2,
3,40r5
Huber et a/*® SenseWear armband worn METs (kcal/hour/kg) From baseline to 3 months From baseline to 3 months
at baseline and 3 months  and average steps per postop, there were no postop, there were no
postoperation day determined by significant differences in  significant differences
Minimum wear SenseWear proprietary mean changes in METs between the intervention and
requirement not reported  software (0.3 (95% Cl -2.3t0 2.9)) control group in chair stand
or daily steps (165.7 test, KOOS measurements
(95% Cl —-1288 to 1620))  (function, pain, symptoms,
between intervention and quality of life), knee range of
control group motion, 20 m walk test, timed
up and go test, self-reported
PA or health-related quality
of life
Lotzke et al*? Actigraph GT3X+ Steps per day, time From baseline to 3 There were no significant
No further information spent in MVPA, LPA months postop, there between-group differences
provided and sedentary time. No  were no differences at any time points (end of
information on what cut- between groups in steps intervention, 3 weeks, 8
points were used (-0.09 (95% Cl -0.50to  weeks, 3 months, 6 months
0.32)), MVPA (0.16 (95%  after surgery vs baseline)
Cl -0.25 to 0.57)), LPA in any of the following
(0.07 (95% CI -0.33 to outcomes: disability, pain
0.48)) or sedentary time  intensity, pain catastrophising,
(0.00 (-0.41 t0 0.40)) (all ~ fear of movement, self-
values are between-group efficacy for exercise, anxiety,
effect sizes) depressed mood, health-
There were also no related quality of life or
differences between patient-reported functioning.
groups from baselineto  There were also no significant
6 months postop: steps  between-group differences (at
0.25 (95% CI -0.16 to 3 and 6 months postsurgery
0.66), vs baseline) in 5 min
MVPA 0.42 (95% CI1 0.00 walk distance, 15 m walk
to 0.83), LPA 0.06 (95% CI (seconds), timed up and go
—0.35 to 0.47), sedentary test, 1 min stair climb or one-
time 0.21 (-0.21 t0 0.62) leg stand test
Continued
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Table 4 Continued

Physical activity
variables and their

Device used and wear

Study protocol definitions

Clinical/health-related
Physical activity findings outcomes and findings

Actical accelerometer
worn over right hip during
waking hours for 7 day
periods at baseline and 3
months postoperatively
Minimum wear
requirement: >10 hours
on >4 days

Sawatzky et al*®

(230 s)

Time spent in total PA
(=100 cpm) and MVPA
(=750 cpm) in >10 min
bouts and sporadic bouts to 291) min/week) or

There were no differences The intervention group
between groups in mean  had significantly larger
MVPA (78 (95% Cl —-135  improvements in 6MWT
distance from baseline to end
of intervention and 3 months
postoperatively compared
with the control group, as
well as larger preoperative
improvements in 5-metre
There were also no gait speed (no significant
differences in sporadic postoperative difference).
MVPA (=37 (95% CIl —274 There were no significant
to 198) min/week) or total between-group differences
A (-91 (95% CI —700 to  in quality of life, depression,
518) min/week) anxiety, exercise self-efficacy
or in surgical parameters
(cardiopulmonary bypass
time, ICU length of stay,
length of hospital stay)

total PA (75 (95% ClI
—221 to 370) min/week)
accumulated in 10 min
bouts from baseline to 3
months postoperatively.

BMI, body mass index; cpm, counts per minute; ICU, intensive care unit; KOOS, Knee Injury and Osteoarthritis Outcome Score; LPA,
light physical activity; METs, metabolic equivalents; MVPA, moderate-to-vigorous physical activity; BMWT, 6 min walk test; PA, physical

activity.

in MVPA and daily steps among the intervention group
compared with the control group.” It is important to
note that this RCT was the only study for which a sample
size calculation was reported with change in PA (MVPA)
as the primary outcome variable.”! The remaining RCTs
had comparatively small sample sizes and were either
powered for a different (non-PA) outcome variable® or
were feasibility/pilot studies,” which may explain their
null findings. Data from single-arm studies tended to
suggest that prehabilitation was effective for increasing PA
levels across the intervention period (three out of four).
The trials that reported significant changes in PA were
unsupervised home-based interventions,” *** suggesting
such interventions might have a more effective impact on
objectively measured PA, although it is worth noting that
not all home-based interventions reported an effect.”*
Further randomised studies that are adequately powered
to detect changes in objectively measured PA are needed
to improve our understanding of the impact of prehabil-
itation on PA levels.

Among the very few studies in this review that examined
associations between objectively measured PA and health-
related outcomes, significant associations were reported.
For example, Bond et al** and Ngo-Huang et al'’ reported
that changes in MVPA during the intervention were asso-
ciated with improvements in quality of life and physical
functioning in the intervention period. These findings
suggest that the effects that prehabilitation interventions
have on objectively measured PA levels directly correlate
with improvements in clinical outcomes. A larger body of
evidence-based on accelerometry is required to be able to
quantify the volume and/or intensity of PA that patients

might be advised to aim for (on a case-by-case basis) in
preparation for surgery to optimise clinical outcomes
following surgery, as others have similarly suggested.* To
support the development of this evidence base, preha-
bilitation studies should use objective measures of PA
wherever possible during the intervention. Additionally,
studies should endeavour to report descriptive statistics
of accelerometry variables and health/clinical outcome
variables consistently and in sufficient detail to allow
meta-analysis of associations to be possible. As this review
has identified, this evidence gap is particularly salient for
cardiothoracic surgery patients for whom prehabilitation
might be especially important.

We recommend that best practice be followed when
objective measures of PA are integrated in future preha-
bilitation trials to ensure the validity and interpretability
of the measurements. When objectively measuring PA
(particularly using accelerometry), a number of decisions
are required to be made in terms of what device will be
used, wear protocol (eg, waking wear or 24-hour wear),
minimum wear required to constitute a valid dataset,
how to identify and handle periods of non-wear, and the
selection of relevant outcome variables and how they will
be defined. Best practice depends on what the outcome
of interest is (ie, measurement of sedentary time has
different considerations than measurement of MVPA);
we refer readers to useful reviews for further details.'” ***°

This review has several limitations that must be acknowl-
edged. Over half of the included studies were small feasi-
bility or pilot studies for which power calculations were
not performed. The null findings throughout this review
should thus not necessarily be interpreted as a lack of
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effect of prehabilitation. Additionally, the fidelity of the
interventions was generally not assessed or reported, thus
we cannot rule out the possibility that issues or inconsis-
tencies in intervention implementation within studies
may also be at play. Finally, the small number of eligible
studies involving a range of surgery types meant it was
not possible to do any subgroup analyses to examine any
differences in outcomes according to type of prehabilita-
tion programme or type of surgery.

CONCLUSIONS

Few prehabilitation trials have incorporated objective
measurements of PA. There is little evidence to suggest
that prehabilitation may be effective for increasing
patients’ PA levels prior to surgery, although the evidence
included in this review primarily consisted of small feasi-
bility studies which may not have sufficient statistical
power. There was some evidence to suggest that increases
in objectively measured PA were associated with improve-
ments in physical functioning and quality of life. Limita-
tions in the evidence base precluded any assessment of
pooled associations between objectively measured PA
during the intervention period and surgical outcomes.
Additional large-scale studies are needed, with clear
and consistent reporting of accelerometry variables and
outcome variables, to improve our understanding of the
impact of changes in PA prior to surgery on health and
clinical outcomes.
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