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Abstract

Objective To systematically review the evidence of pre-operative exercise, known as ‘prehabilitation’, on peri- and postoperative outcomes
in adult surgical populations.

Design Systematic review and meta-analysis.

Data sources CENTRAL, Medline, EMBASE, CINAHL, PsycINFO and PEDro were searched from 1950 to 2011.

Methods Two reviewers independently examined relevant, English-language articles that examined the effects of pre-operative total-body
exercise with peri- and postoperative outcome analysis. Given the nascence of this field, controlled and uncontrolled trials were included. Risk
of bias was assessed using the Cochrane Risk of Bias Assessment tool. Only data on length of stay were considered eligible for meta-analysis
due to the heterogeneity of measures and methodologies for assessing other outcomes.

Results In total, 4597 citations were identified by the search strategy, of which 2 1 studies were included. Trials were generally small
(median =54 participants) and of moderate to poor methodological quality. Compared with standard care, the majority of studies found that
total-body prehabilitation improved postoperative pain, length of stay and physical function, but it was not consistently effective in improving
health-related quality of life or aerobic fitness in the studies that examined these outcomes. The meta-analysis indicated that prehabilitation
reduced postoperative length of stay with a small to moderate effect size (Hedges’ g =—0.39, P=0.033). Intervention-related adverse events
were reported in two of 669 exercising participants.

Conclusion The literature provides early evidence that prehabilitation may reduce length of stay and possibly provide postoperative physical
benefits. Cautious interpretation of these findings is warranted given modest methodological quality and significant risk of bias.
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Introduction quality of life (HRQOL) [1]. Pre-operative physical con-
ditioning is an increasingly common strategy aimed at
improving postoperative outcomes, including length of stay
(LOS), functional capacity and peri-operative complications
[2-5]. Furthermore, the typical waiting period may represent
an ideal time to invest in chronic health with a general

exercise programme, ostensibly capitalising on the psycho-

The acute postoperative period is associated with a
marked reduction in physical function and health-related
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logical impact (‘teachable moment’) of recent diagnosis to
facilitate changes in health behaviour that include regular
physical activity. This strategy, known as ‘prehabilitation’,
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commonly employs physiotherapy modalities or more
common exercises targeting specific muscles or joints,
often without targeting the systemic musculoskeletal and
cardiovascular deconditioning that follows prolonged
immobilisation. This focused approach ignores evidence
from multiple studies, demonstrating that pre-operative
systemic physical fitness positively predicts peri-operative
complications and functional recovery, that have clinical
and economic salience [6,7]. Consequently, a more focused
examination of trials that employ broader fitness enhance-
ment strategies is needed to determine whether total-body
exercise can improve the surgical experience and recovery.
While recent reviews have described a net benefit of preha-
bilitation [3-5], they have not conducted a meta-analysis nor
have they focused specifically on total-body prehabilitation
strategies across surgical populations. Therefore, the purpose
of this study was to systematically review and meta-analyse
the current literature examining the effect of total-body
prehabilitation interventions on peri- and postoperative
outcomes in adults undergoing surgical intervention.

Methods
Search strategy

Studies published in English between 1950 and August
2011 were recovered from the following databases by an
experienced medical information specialist: the Cochrane
Central Register of Controlled Trials (CENTRAL), MED-
LINE, EMBASE, CINAHL, PsycINFO and PEDro. Search
terms are presented in Appendix A (see online supplementary
material). Hand searches of the reference lists of included
studies were conducted to identify any additional relevant
trials. Fig. A (see online supplementary material) shows a
summary of the selection process. The corresponding authors
of included trials were contacted to identify any potential
additional relevant trials.

Two reviewers independently reviewed abstracts identi-
fied by the search for potentially relevant trials. Full-text
articles of relevant studies were obtained and reviewed to con-
firm inclusion. Discrepancies between reviewers regarding
inclusion were resolved by a third reviewer.

Inclusion criteria

Eligible trials included prospective, prehabilitation inter-
ventions that evaluated the effect of pre-operative total-body
exercise for patients aged >18 years undergoing curative
or palliative surgery. Exercise was operationally defined as
non-site-specific structured physical activity that included
cardiovascular and/or resistance training of the upper and/or
lower extremities. Studies were included when the interven-
tion(s) included exercise prescriptions with an indication of
frequency (sessions/week), intensity (e.g. percentage max-
imum heart rate, rating of perceived exertion, etc.), time

(duration of exercise session in minutes) and/or type of exer-
cise (e.g. walking, cycling, resistance training). There was
no limitation to intervention duration or intensity. Studies for
inclusion required both pre- and peri- or postoperative out-
come measurements; given the nascence of this field, there
was no exclusion based on study design.

Data extraction

Two reviewers independently evaluated all studies for
content and methodological quality using a standardised
data extraction table. The reviewers were blinded to each
other’s abstraction process but were not blinded to each
study’s authors, date, journal or title. Study outcomes were
grouped according to the following categories: HRQOL,
pain, musculoskeletal and functional task performance,
aerobic fitness, postoperative LOS and healthcare utilisation,
peri-operative complications and adverse events. Outcome
statistical significance was set to P <(.05 and intention-to-
treat results were used when available. The corresponding
authors of included studies were contacted by email to verify
the methodology and results.

Risk of bias assessment

Study risk of bias was evaluated according to the Cochrane
Risk of Bias Assessment tool [8] (Table 1). A third reviewer
resolved any disagreements regarding classification of study
quality components.

Meta-analysis

A meta-analysis was performed on outcomes that were
used consistently by three or more studies using Comprehen-
sive Meta-Analysis, Version 2 [9]. Effect size was calculated
as Hedge’s g, which denotes the mean difference between
the intervention and control groups divided by the pooled
standard deviation of the two groups. To aggregate effect
sizes, each effect size was weighted by the inverse of its vari-
ance, while the weighted effect sizes were summed across
studies and then divided by the sum of the weights.

Cochrane’s Q test and the I* statistic were used to
assess heterogeneity between studies [10]. Publication bias
was assessed by conducting a funnel plot, the Begg and
Mazumdar rank correlation test [11] and Egger’s regression
asymmetry test [12].

Results
Search results

The database search yielded 4597 citations, plus an
additional 41 studies identified through hand searches and
communication with authors. In total, 89 candidate studies
were examined in detail, of which 22 studies met the inclu-
sion criteria [6,13-33] (see Fig. A, online supplementary



Table 1
Cochrane risk of bias assessment.

Study Adequate Allocation Blinding? Incomplete Free of Free of other Total
sequence concealment? outcome data selective bias? score/6
generation? addressed? reporting?

Arthur et al. [13] Y Y Y Y N 2 4

Back et al. [14] Y N N b Y Y 3

Carli et al. [25] Y ? N Y Y Y 4

D’Lima et al. [15] Y N ? b ? ¢ 1

Dronkers et al. [26] 2a Y Y 7b Y Y 4

Evgeniadis et al. [16] Y Y Y 7b ? ¢ 3

Ferrara et al. [33] Y ? Y 7b ? Y 3

Gilbey et al. [17] Y ? ? b ? ¢ 1

Gocen et al. [18] Y N Y b Y 2d 3

Herdy et al. [22] Y ? ? b Y 2 2

Hoogeboom et al. [27] 7a Y Y 7 ? Y 3

Jaggers et al. [19] N N N NA ? N 0

Jones et al. [6] and N NA Y 7b Y N 2

Peddle et al. [21]

Nielsen et al. [20] Y Y N b ? Y 3

Rodgers et al. [32] N N N b ? 2c 0

Rooks et al. [23] Y ? ? b ? 2 1

Rosenfeldt et al. [28] Y ? ? b Y 2c 2

Sekine et al. [29] N NA ? 7d ? e 0

Topp et al. [24] Y ? Y b ? Y 3

Wang et al. [30] Y ? N b ? Y 2

Williamson et al. [31] Y Y Y Y ? Y 5

Y, yes; N, no; NA, not applicable; ?, insufficient or inadequate information; ?a, used ‘prepared’ or ‘sealed’ envelopes (method of creating random assignment,
e.g. ‘shuffled” or ‘mixed’, not stated); ?b, approach to volume and approach to resolving missing data was not reported; ?c, no intention-to-treat analysis for
postoperative outcomes; ?d, baseline differences in age (46.9 vs 55.5; P=0.01) and body mass index (24.9 vs 27.7; P =0.06); ?e, numerous elements of methods

were not reported.

material). More detailed review revealed that two studies
described different outcomes for the same cohort, and were
included as one trial in this review [6,21]. Nine of the can-
didate studies required arbitration from the third reviewer. In
total, 21 studies were included in this review.

Risk of bias

Within-study risk of bias is presented in Table 1. Out
of a maximum score of 6 (higher scores indicate lower
risk of bias), one study achieved a score of 6 [31], three
studies achieved a score of 4 [13,25,26], seven studies
achieved a score of 3 [14,16,18,20,24,27,33], four studies
achieved a score of 2 [21,40], three studies achieved a score
of 1 [15,17,23], and three studies achieved a score of 0
[19,29,32].

Study characteristics

Included studies are summarised in Table 2. Stud-
ies were published between 1996 and 2011. Of the 21
included trials, 17 were randomised controlled trials (RCTs)
[13-18,20,22-28,30,31,33], with one non-RCT [32], one
single-group trial (with secondary outcomes published sep-
arately) [6,21], one prospective case—control study using
historical control subjects [29], and one randomised case-
study design (two participants, each randomised to either
prehabilitation or usual care) [19]. In total, 1371 partic-
ipants were included in these 21 trials. Thirteen studies

assessed pre-operative exercise in orthopaedic populations
[15,16,18-20,23,24,27,30-34], and eight studies examined
pre-operative exercise in patients undergoing visceral organ
surgery [6,13,14,21,22,25,26,28,29].

Intervention characteristics

Six trials examined supervised, facility-based interven-
tions [6,13,15,21-23,26,27,31,32], four were home-based
(with or without periodic direct supervision from study staff)
[14,16,20,25], and four used a combination of facility-based
and home-based exercises [17,19,24,28-30,33]. Aerobic
exercise was the primary exercise modality in five
studies [6,13,21,27-29], resistance or calisthenic exer-
cise in two studies [16,18], a mixed-modality approach
(aerobic plus resistance) was used in thirteen studies
[14,17,19,20,22-26,30-33], and one study compared aer-
obic exercise with resistance exercise [15]. The median
intervention duration was 6 weeks (range 1 to 8 weeks).
To complement the pre-operative exercise, several studies
included ancillary intervention components, such as patient
education relevant to the surgical and recovery process
[13,18,20,33] and dietary provision [20].

Effectiveness of pre-operative exercise interventions
Pre-operative, postintervention outcomes

Pre-operative, postintervention measurements were con-
ducted in 17 trials and occurred between 1 and 7 days



Table 2
Study characteristics.

Study

Design and sample

Intervention

D’Lima et al. [15]

Evgeniadis et al. [16]

Ferrara et al. [33]

Gilbey e al. [17]

Gocen et al. [18]

Design: three-arm RCT

N=30(TXI: n=10; TX2: n=10; CON: n=10)
Sample characteristics: osteoarthritis or rheumatoid
arthritis with scheduled total knee replacement

Mean age (SD) in years: TX1=68.5 (4.6); TX2=71.6
(6.6); CON=69.5 (6.5)

Design: three-arm RCT

N=53 (TX1: n=18; TX2: n=15; CON: n=20)
Sample characteristics: idiopathic knee osteoarthritis
Mean age (SD) in years: TX1=67.1 (4.4); TX2=68.6
(5.9); CON=69.4 (1.9

Design: RCT

N=23 (TX:n=11; CON: n=12)

Sample characteristics: end-stage osteoarthritis
scheduled for total hip arthroplasty

Mean age (SD) in years: TX=63.8 (9.0); CON=63.1
6.9)

Design: RCT

N=57 (TX: n=32; CON: n=25)

Sample characteristics: hip joint disease (osteoarthritis,
post-traumatic arthritis, inflammatory arthritis,
osteonecrosis or Paget’s disease) with indication for
total hip arthroplasty

Mean age (SD) in years: TX =66.7 (10.2); CON =63.3
(12.0)

Design: RCT

N=59 (TX: n=29; CON: n=30)

Sample characteristics: hip osteoarthritis

Mean age (SD) in years: TX=46.93 (11.48);

CON =55.5 (14.44) (between-group difference P <0.01)

Intervention design/setting: supervised, facility-based exercise
F: 3 sessions/week; I: see Exercise specifics below; D: 45
minutes/session; L: 6 weeks

TX1: Musculoskeletal physical therapy

Exercise specifics: flexibility training of calf, hamstring and
quadriceps. Isotonic and isometric strength training of triceps
surae, quadriceps, hamstrings, hip flexors, hip extensors, hip
abductors, shoulder flexors, shoulder abductors and triceps
brachii. Weights used as tolerated

TX2: Cardiovascular conditioning

I: 40 to 70% of heart rate reserve

Exercise specifics: exercises included arm or cycle ergometry or
aquatic exercises

Intervention design/setting: supervised, home-based

TX1: Pre-operative exercise

F: 3 sessions/week; I: 3 sets of 10 to 14 reps (progressive); D:
NR; L: 3 weeks

Exercise specifics: each session had warm-up, RET, cool-down.
RET exercises using resistance bands targeted the upper back,
shoulders, humeral bicep, triceps, deltoid, rectus abdominus
and femoral flexors

TX2: Postoperative exercise

L: 8 weeks

Exercise specifics: programme was similarly structured to TX1.
Exercises were designed to strengthen posterior tibial muscles,
anterior and posterior femoral muscle and femoral abductors

Intervention design/setting: supervised, facility-based group (40
minutes) and individual (20 minutes) exercise

F: 5 days/week; I: NR; D: 60 minutes; L: 4 weeks

Exercise specifics:

RET: leg stretching, hip abductor and quadriceps strengthening
for 3 to 4 sets of 8 to 12 reps

AET: recumbent cycling for 10 to 15 minutes at low to
moderate intensity

Ancillary intervention components [treatment arm (s) only]:
education for preventing dislocation of prostheses, use of
assistive devices, correct posture and activities of daily living.
Postural therapy, including re-alignment of the spine, shoulders,
elbows, wrists, hands, hips, knee and ankles

Design/setting: facility- and home-based exercise

F: 4 days/week; I: NR; D: 60 minutes; L: 8 weeks

Exercise specifics:

Facility-based exercise: 30 minutes of AET and RET, followed
by 30 minutes of mobility and gait training in the hydrotherapy
pool

RET: heel raise, leg flexion/extension, thigh flexion/extension,
isometric thigh abduction, trunk flexion, trunk rotation, forearm
curls, seated body raise and hip hikes; 1 to 3 sets of 10 reps for
isotonic exercises; isometric exercises =2 sets of 10 repetitions
with 5-s holds

Intervention design/setting: NR

F: 7 days/week; 3 sessions/day; I: 10 reps; D: NR; L: 8 weeks
Exercise specifics: straight leg raises, hamstring and hip flexor
stretches, and strengthening of upper extremities

Ancillary intervention components [treatment arm (s) only]:
education programme regarding movements that should be
avoided, posture, lifting, carrying, bathing and use of assistive
devices



Table 2 (Continued )

Study

Design and sample

Intervention

Hoogeboom et al. [27]

Jaggers et al. [19]

Nielsen et al. [20]

Rodgers et al. [32]

Rooks et al. [23]

Topp et al. [24]

Design: RCT

N=21(TX:n=10; CON: n=11)

Sample characteristics: hip osteoarthritis

Mean age (SD) in years: TX =77 (3); CON =75 (5)

Design: RCT

N=2(TX:n=1;CON:n=1)

Sample characteristics: female, osteoarthritis of right
knee

Age in years: TX=62; CON=57

Design: RCT

N=60 (TX: n=28; CON: n=32)

Sample characteristics: degenerative disease of low
back with low back and radiating pain

Mean age (range) in years: TX =48 (31 to 80);
CON=52 (23 to 88)

Design: controlled trial (assignment to TX and CON
based on geographical location)

N=20 (TX: n=10; CON: n=10)

Sample characteristics: knee osteoarthritis

Mean age (SD) in years: TX =70 (63 to 78); CON =65
(50 to 83)

Design: RCT (CON underwent education intervention)
N=78 (TX: n=39; CON: n=39)

Sample characteristics: advanced hip or knee
osteoarthritis

Mean age (SD) in years: TX (hip) =65 (11); CON
(hip) =59 (7); TX (knee) =65 (8); CON (knee) =69 (8)

Design: RCT

N=54 (TX: n=26; CON: n=28)

Sample characteristics: knee osteoarthritis

Mean age (SD) in years: TX =64.1 (7.05); CON=63.5
(6.68)

Intervention design/setting: outpatient physiotherapy department
F: minimum of 2 days/week; I: 13 to 14/20 RPE; D: 60 minutes;
L: 3 to 6 weeks

Exercise specifics: 5 minutes of warm-up (walking), leg press, 30
minutes of stationary cycling, functional training for activities of
daily living

Ancillary intervention components [treatment arm (s) only]:
encouraged to exercise at home as well and provided with a
pedometer

Intervention design/setting: supervised (once/week) and
unsupervised (twice/week)

F: 3 times/week; L: 4 weeks

Exercise specifics: 10 minutes of warm-up (walking and
stretching), 30 minutes of RET (nine lower-body exercises) using
resistance bands, 10 minutes of step training and 5 minutes of
cool-down (light static stretching)

Intervention design/setting: home-based exercise (instructed by
physiotherapist at day of recruitment and 2 weeks pre-operatively)
F: daily; I: NR; D: 30 minutes; L: 6 to 8 weeks

Exercise specifics: exercises focused on improvement of back and
abdomen muscle strengthening and cardiovascular conditioning
Ancillary intervention components [treatment arm (s) only]:
education about the operation, postoperative mobilisation and
rehabilitation; on the day before surgery, TX group was given
200 ml of protein-rich drink. Postoperative rehabilitation in the
TX group included intensive mobilisation on the day of surgery
and 30 minutes twice daily for the following days with aim to
discharge on fifth postoperative day

Intervention design/setting: supervised, facility-based

F: 3 times/week; I: NR; D: NR; L: 6 weeks

Exercise specifics: stretching and warm-up, heel slides (supine
knee flexion), isometric quadriceps sets, straight leg raises,
short-arc quadriceps sets, standing squats, step-ups and cycling

Intervention design/setting: supervised, facility-based

F: 3 times/week; I: moderate intensity; D: NR; L: 6 weeks
Exercise specifics:

During first 3 weeks: participants performed 1 to 2 sets of 8 to 12
reps of single-joint movements while standing in chest-deep
water, focusing on single planar motion of the cervical spine,
shoulders, elbows, wrists, hands, hips, knees and ankles

During last 3 weeks: participants performed moderate-intensity
AET on a recumbent bicycle or elliptical machine, and RET
(seated row, chest press, leg press, bicep curls and triceps
kickbacks, as well as some calisthenic-type exercises). Two sets
of 8 to 12 reps per exercise were prescribed

At the end of each session, participants performed flexibility
training

Intervention design/setting: mixed setting (twice/week
unsupervised, home-based and once/week supervised,
facility-based)

F: 3 times/week; [: NR; D: NR; L: minimum 4 weeks (mean
number of sessions = 13, range =4 to 23)

Exercise specifics: each session had: 5-minute warm-up followed
by nine lower-body RET using resistance bands (squats, hip
flexion and extension, hip abduction and adduction, ankle plantar
flexion and dorsiflexion, and knee extension and flexion); AET
included lateral and vertical stepping on a 8’ step, finishing with a
cool-down of light static stretching of gluteus, hip, hamstring,
calf, torso, upper back, lower back and triceps and cooling down
with 5 minutes of light walking



Table 2 (Continued )

Study

Design and sample

Intervention

Wang et al. [30]

Williamson et al. [31]

Arthur et al. [13]

Back et al. [14]

Carli et al. [25]

Design: RCT

N=28 (TX: n=15; CON: n=13)

Sample characteristics: hip osteoarthritis (n = 25),
osteonecrosis (n=2) or inflammatory arthritis (n=1)
Mean age (SD) in years: TX=68.3 (8.2); CON =65.7
(8.4)

Design: RCT; three arms: pre-operative exercise (TX1)
vs pre-operative acupuncture (TX2 vs CON)

N=181 (TX1: n=60; TX2: n=60, CON: n=61)
Sample characteristics: patients on waiting list for total
knee arthroplasty due to osteoarthritis

Mean age (SD) in years: TX1=70.0 (8.8); TX2=72.4
(7.7); CON =69.6 (10.0)

Design: RCT

N=246 (TX: n=123; CON: n=123)

Sample characteristics: low-risk patients awaiting
elective coronary artery bypass graft with a minimum
wait time of 10 weeks

Mean age (SD) in years: TX=61.8 (8.4); CON=63.8
(1.8)

Design: RCT

N=37 (TX: n=21; CON: n=16)

Sample characteristics: stable coronary artery disease
awaiting percutaneous coronary intervention

Mean age (range) in years: TX=61.5 (59.8 to 65.5);
CON =64 (58.5t071)

Design: RCT

N=112 (TX: n=58; CON: n=54)

Sample characteristics: colorectal surgery patients
Mean age (SD) in years: TX =61 (16); CON =60 (15)

Intervention design/setting: mixed setting (twice/week
unsupervised, home-based and twice/week supervised,
facility-based)

F: 4 times/week; I: participant-determined; D: 60 minutes; L: 8
weeks

Exercise specifics: each session included hydrotherapy, stationary
cycling and resistance training (hip abduction/flexion/extension,
knee flexion/extension, ankle plantar flexion). Participants were
instructed to increase resistance by 5 kg when they could
comfortably do 3 sets of 10 reps

Ancillary intervention components [treatment arm(s) only]:
supervised clinic and home-based exercise, starting 3 weeks
postoperatively (after surgical wound was healed)

Intervention design/setting: facility-based, group exercise

F: once/week; I: NR; D: 60 minutes; L: 6 weeks

Exercise specifics: circuit-based exercise class (repetitions and
sets NR) consisting of: static quadriceps contractions, inner range
quadriceps contractions, straight leg raises, sit to stands, stair
climbing, calf stretches, resisted knee extensions, balance
training, knee flexion and extension, freestanding pedal
revolutions

TX2: Weekly lower extremity acupuncture for 6 weeks
pre-operatively

Intervention design/setting: supervised, facility-based group
exercise

F: twice/week; I: 40 to 70% of functional capacity; D: 90
minutes/session; L: 8 weeks

Exercise specifics: each session consisted of 5 to 10 minutes of
warm-up, 10 minutes of stretching, a minimum of 30 minutes of
interval AET, and 5 to 10 minutes of cool-down and stretching
Ancillary intervention components [treatment arm (s) only]:
educational intervention at baseline and 1 week pre-operatively

Intervention design/setting: unsupervised; home-based

F: 5 days/week; I: see Exercise specifics below; D: see Exercise
specifics below; L: 32 weeks (training initiated 8 weeks before
percutaneous coronary intervention and continued
postoperatively)

Exercise specifics: exercises performed on cycle ergometer with
option to do alternative AET 2 days/week. Changes to AET
intensity were based on monthly assessments. Resistance band
exercises included: unilateral shoulder flexion, unilateral shoulder
abduction, bilateral rowing and unilateral heel-lift (without bands)
AET:

1: 70% of VO,max or RPE of 13 to 15

D: 30 minutes (including 10-minute warm-up and 5-minute
cool-down)

RET:

I: 3 sets of 10 repetitions at 75% of 1RM

Intervention design/setting: home-based (equipment provided)

F: 7 days/week (AET =7 days/week; RET =3 days/week); L:
median pre-operative intervention duration was 38 days
(interquartile range =22 to 60)

Exercise specifics:

AET: I: stationary cycling at 50% of measured maximum heart
rate, increased by 10% each week if tolerable; D: 20 to 30 minutes
RET: I: push-ups, sit-ups and lunges until volitional fatigue;
free-weight exercises for biceps, deltoids and quadriceps at 8RM;
D: 10 to 15 minutes



Table 2 (Continued )

Study

Design and sample

Intervention

Dronkers et al. [26]

Herdy et al. [22]

Jones et al. [6] and Peddle
etal [21]

Same cohort from two
studies

Rosenfeldt et al. [28]

Sekine et al. [29]

Design: RCT

N=42 (TX: n=22; CON: n=20)

Sample characteristics: patients awaiting elective colon
surgery

Mean age (SD) in years: TX=71.1 (6.3); CON =68.8
(6.4)

Design: RCT

N=56 (TX: n=29; CON: n=27)

Sample characteristics:

patients with acute coronary syndrome awaiting
coronary artery bypass graft

Mean age (SD) in years: TX =61 (10); CON=58 (9)

Design: prospective, single-group trial

N =13 (completed pre- and postsurgery assessment)
Sample characteristics:suspected Stage I to IIIA
non-small cell lung cancer

Mean age (SD) in years: 65 (10)

Design: RCT

N=117 (TX: n=60; CON: n=57)

Sample characteristics: elective coronary artery bypass
graft and/or cardiac valve surgery

Mean age (range) in years: TX=62.5 (59.0 to 68.5);
CON=68 (58.0 to 77.0) (between-group difference
P=0.06)

Design: case—control study (prospectively enrolled
participants into the intervention vs historical data from
patients that did not receive the intervention)

N=282 (TX: n=22; CON: n=60)

Sample characteristics: patients with non-small-cell lung
carcinoma and chronic obstructive pulmonary disease
Mean age (SD) in years: TX=69.0 (5.5); CON=70.4
4.6)

Intervention design/setting: outpatient physiotherapy department
F: 2 days/week; D: 60 minutes; L: 2 to 4 weeks

Exercise specifics:

AET: I: 55 to 75% of maximal heart rate; 10 to 13/20 RPE; D: 20
to 30 minutes

RET: lower limb extensors, 1 set of 8 to 15 reps

Ancillary intervention components [treatment arm (s) only]:
inspiratory muscle training; encouraged to exercise at home as
well and provided with a pedometer

Intervention design/setting: supervised, facility-based

F: NR; I: 2 to 4 METS; D: NR; L: minimum of 5 days
(mean=6.7 days)

Exercise specifics: progressive exercises as per phase 1 cardiac
rehabilitation (light aerobic and musculoskeletal exercise focused
on activities of daily living)

Ancillary intervention components [treatment arm (s) only]:
postoperative rehabilitation following extubation

Design/setting: supervised, facility-based

F: 5 times/week (consecutive days); I: 60 to 65% VO,peak; D: 20
to 30 minutes; L: 4 to 8 weeks [mean time from diagnosis to
surgical resection =67 (7) days]

Exercise specifics: cycle ergometry at varying intensities: from
the second week onwards, participants integrated high-intensity
cycling (at ventilator threshold for 20 to 25 minutes). From the
fourth week onwards, participants integrated interval training (6:1
to 4:1). Each session included a 5-minute warm-up and 5-minute
cool-down

Intervention design/setting: first 2 weeks, supervised,
facility-based; from 2 weeks to surgery, exercise was
unsupervised, home-based

F: 4 days/week for first 2 weeks (2 days in facility plus 2 days at
home); I: up to 60% of maximum heart rate; D: 15 to 40 minutes;
L: 8 weeks

Exercise specifics: AET circuit including cycle ergometry,
treadmill walking and arm ergometry. After the first 2 weeks,
participants were encouraged to continue exercising (walking) at
home for 4 days/week (provided with heart rate monitor for
intensity observation)

Ancillary intervention components [treatment arm (s) only]: four
60-minute mental stress reduction therapy delivered by an
occupational therapist for first 2 weeks

Intervention design/setting: ‘pulmonary exercises’ were
conducted in the ‘rehabilitation room’, 5000 steps per day were to
be completed independently (not facility-based)

F: recommendation of 5000 steps everyday (F of ‘pulmonary
exercises’ NR); I: NR; L: ~2 weeks

Exercise specifics: ‘pulmonary exercises’ were conducted for 30
minutes plus 5000 steps daily

Ancillary intervention components [treatment arm (s) only]:
extensive breathing exercises

AET, aerobic exercise training; CON, control/usual care group; D, duration of exercise session; F, frequency of exercise (days or sessions per week); I, intensity;
L, length of exercise programme; NR, not reported, RCT, randomised controlled trial; RM, repetition maximum; reps, repetitions; RET, resistance exercise
training; RPE, rating of perceived exertion; SD, standard deviation; TX, treatment/exercise group; VO, oxygen consumption.

prior to surgery [6,13,16-21,24-28,30-33]. From baseline
to the immediate pre-operative time point (mean duration
6 weeks), physical function improved significantly in pre-
habilitation participants compared with control participants
in four studies [16,17,19,33]. Six studies reported signifi-
cant within-group improvements in physical or psychosocial

outcomes for prehabilitation participants only (P <0.05)
[6,13,18,20,21,24,32], and four studies demonstrated a wors-
ening in physical symptoms for control subjects during the
pre-operative period [14,19,24,32]. There were no reported
between-group differences in physical or psychosocial out-
comes pre-operatively in five trials [15,18,20,30,32].



Postoperative outcomes

A summary of postoperative outcomes is provided in Table
A (see online supplementary material). The major findings
are highlighted by category of outcome below.

HRQOL. Nine studies examined postoperative HRQOL
[14,15,20,21,23,25,28,31,33]. Four of these studies used the
Short Form Health Survey (SF-36) [14,23,28,33]. Only Back
et al. [14] found between-group improvements for the pre-
habilitation group in any domain of HRQOL postoperatively
(significantly greater emotional and physical role function-
ing in treatment subjects at 1 week and 6 months after
surgery, respectively; P <0.05) [14]. There were no sig-
nificant between-group differences in HRQOL measures in
seven studies [ 15,20,23,25,28,31,33]. The median risk of bias
score for studies with HRQOL data was 3 (unclear risk of
bias). Only one study had a low risk of bias (score of 5 or 6)
and found no significant differences between the control and
intervention groups [31].

Pain. Six  studies examined  postoperative  pain
[15,20,23,24,31,33]. Pain between 4 and 26 weeks postop-
eratively was improved in the treatment group compared
with the control group in three of the five trials [20,23,33].
Only one study reported on analgesia use; Nielsen et al.
found similar peri-operative and postoperative analgesia
administration between study arms [20]. The median risk
of bias score for studies with data on pain was 3 (unclear
risk of bias). Only one study had a low risk of bias, and no
significant difference between the control and intervention
groups was observed [31].

Musculoskeletal and functional task performance. Sixteen
of the 21 trials included a postoperative musculoskeletal or
functional performance outcome [13-20,22-25,27,30-33].
Physical function was measured using physical perfor-
mance tests, clinician-completed assessments (functional and
questionnaire-based) and patient self-report measures. Better
postoperative scores in composite physical/functional assess-
ments for pre-operative exercisers compared with controls
were observed in three trials [16,18,30]. D’Lima et al. found
a worsening in knee function in both exercising groups com-
pared with controls 3 weeks after surgery, although there was
no difference between the groups by 48 weeks [15]. In a
population of colorectal surgery patients, Carli er al. [25]
found that, compared with participants who completed the
prehabilitation intervention (strength training plus stationary
cycling), participants in the control group (who were pre-
scribed walking and breathing exercises) were more likely to
have a clinically significant improvement in 6-minute walk
test distance 2 to 4 months postoperatively (P =0.019).
Functional task performance tests were improved in pre-
operative exercisers compared with control subjects in four
of seven trials [18-20,23]. Postoperative range of motion
was better in pre-operative exercisers than control subjects
in four of five trials [16,17,24,33]. Individual performance

measures of musculoskeletal fitness were improved for pre-
operative exercisers compared with controls in three of seven
trials reporting these outcomes [14,19,33]. Three of six
studies examining functional performance using self-report
measures found postoperative benefits for pre-operative
exercisers compared with controls [13,17,20]. No study
reported a worsening of functional outcomes in the exercise
group.

Results from studies with objective measures of physical
function had a median risk of bias score of 3 (unclear risk of
bias). Only one study had a low risk of bias [31] and found
no between-group differences in a 50-m walk test.

Aerobic fitness. Postoperative aerobic fitness was measured
in five trials, all using cycle ergometers to assess peak aerobic
capacity [6,13,14,21,22,25]. Only one study demonstrated
a significant improvement in postoperative aerobic fitness
compared with controls [14]. In a single-arm study exam-
ining progressively intense aerobic training prior to lung
resection, Jones et al. found significant decreases in peak
oxygen consumption at approximately 2.5 months following
lung resection despite significant improvements immediately
following the intervention [6]. The median risk of bias score
for studies assessing aerobic fitness was 3 (unclear risk of
bias). Two studies had a risk of bias score of 4 (highest score
in this outcome category); both studies found no between-
group differences in aerobic fitness after the prehabilitation
period. One study did not report postoperative changes in
aerobic fitness [13], while the other study reported that insuf-
ficient participants completed the postoperative aerobic test
for meaningful analysis [25].

Postoperative length of stay, healthcare utilisation and sat-
isfaction. Eleven studies examined postoperative hospital
LOS [13,15,20,22,25-29,31,32]; four of these found that
patients who participated in pre-operative exercise were
discharged from the hospital earlier than control patients
(P<0.01) [13,20,22,29], with the others showing no differ-
ence. In the trials that demonstrated reduced LOS, exercising
participants were discharged 1 to 8 days (mean =4 days) ear-
lier than control participants. A shorter overall LOS in the
intensive care unit (P =0.038) for prehabilitation participants
compared with controls was also observed [13]. The median
risk of bias score for studies assessing LOS was 3 (unclear
risk of bias). Only one study had a low risk of bias and found
no significant differences between the treatment and control
groups [31].

Healthcare utilisation was assessed in three studies
[13,23,32]. Arthur et al. found that a 1-day reduction in
hospital LOS in the intervention group was associated with
net savings of ~US$133 per patient-day [13]. Williamson
et al. reported that their pre-operative physiotherapy pro-
gramme (not including the gymnasium or equipment costs)
cost £9 vs £15 for pre-operative acupuncture vs no cost
for home-based exercise recommendations. Discharge loca-
tion was only specified in one trial, as Rooks et al. found



that patients participating in their 6-week pre-operative exer-
cise programme were more likely to be discharged home as
opposed to a rehabilitation facility (P <0.05) [23]. Rodgers
et al. found no difference in hospital LOS or requirement for
outpatient physiotherapy between the treatment and control
groups (P-value not reported) [32]. Three studies assessed
participant satisfaction/appreciation with the interventions
[20,26,27].

Peri-operative complications and adverse events. Two of the
nine studies that examined the incidence of peri-operative
complications found reduced rates of complications in pre-
habilitation patients compared with controls [22,23], three
trials found no difference between the intervention and con-
trol groups [26,28-30], and the other trials did not report
between-group differences [25,27,32]. Peri-operative com-
plication data were yielded from studies with a median risk of
bias score of 2 (range =0 to 4). Study-related adverse events
were reported in 14 trials [6,13-15,17,20-23,26,27,30-32].
Eight trials specifically reported on adverse events occurring
in the various intervention arms [6,14,17,23,26,27,30,31]. In
one trial, adverse events were attributed explicitly to exercise
(drop in systolic blood pressure by >20 mmHg while exercis-
ing) [6,21]. The adverse event rate for exercising participants
was two out of 669 participants in whole-body prehabilita-
tion.

Meta-analysis of the postoperative length of stay outcome.
Due to the heterogeneity of trial methodologies and out-
come measures, it was only possible to extract sufficient data
on the postoperative LOS outcome for meta-analysis. LOS
data that were suitable for inclusion (i.e. compared inter-
vention participants with controls) came from nine studies
[13,15,20,22,25-28,31], one of which compared two inter-
vention arms with controls thus contributing two estimates
of effect size [15]. Using the random effect model yielded
a small but significant pooled Hedges’ g of —0.39 (95%
confidence interval —0.76 to —0.029; P =0.033) for the inter-
vention group compared with the control group (Fig. 1) in a
sensitivity analysis that involved removing the three stud-
ies with large standard errors in their effect size estimates
(treatments 1 and 2 from D’Lima et al. [15] and Hoogeboom
etal. [27]). The results showed that the pooled Hedge’s g was
—0.54 (95% confidence interval —0.93 to —0.107; P=0.014).
The result remained significant.

Begg’s and Egger’s tests of publication bias had scores of
0.474 and 0.741, respectively, indicating that publication bias
was unlikely. However, the funnel plot indicated that there
was a possible bias, with studies that had large standard errors
and negative effect sizes tending to be missing (Fig. 2). The
degree of heterogeneity of the 10 studies combined was high
(I> = 82.85, Q-statistic = 52.47, df =9; P=0.0001). Due to the
limited number of studies, further quantitative exploration of
heterogeneity was not undertaken.

Study Pizilglgiiiln Sample Size Hedges g and 95% Confidence Interval
Tx Con
Arthur visceral 123 123 B
Carli Visceral 56 53
D'Lima TX1 Ortho 10 10
D'LimaTX2 Ortho 10 10
Dronkers Visceral 22 20
Herdy Visceral 29 27 —B—
Hoogeboom Ortho 10 1
Nielsen  Ortho 28 32 ——
Rosenfeldt Visceral 60 57
Wiliamson  Ortho 60 61
-2.00 0.00 2.00

Length of Stay (days)

Fig. 1. Forest plot of length of stay. Ortho, orthopaedic surgery; TX, treat-
ment; Con, control; TX1, treatment arm 1 vs control; TX2, treatment arm 2
vs control; visceral, internal organ surgery.

Discussion

Prehabilitation has been suggested as a preventative strat-
egy to combat pre-operative deconditioning and improve
postoperative outcomes. The evidence for pre-operative total-
body prehabilitation programmes on postoperative recovery
was reviewed systematically. While most of the trials
included in this review had an RCT design [6,21,32], the
overall methodological quality was poor to moderate with an
overall high to unclear risk of bias. Thus, the findings must be
considered with some caution. The generalisability of these
findings is further limited due to considerable prehabilita-
tion protocol and outcome measurement heterogeneity across
studies, notwithstanding the exclusion of patients with signif-
icant comorbid diseases (who may represent a population that
stands to benefit most from pre-operative exercise because
of greater deconditioning and vulnerability). Moreover, the
study populations were primarily orthopaedic, with only
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Fig. 2. Funnel plot of length of stay outcomes (standard error by Hedges’
8)-



three of the 14 trials assessing lung or cardiac surgery patients
[6,13,14,21]. There is also evidence of reporting bias, as sev-
eral trials described measurement of various outcomes but did
not report on those outcomes in the results [ 15-17,20,22,33].
These omissions in reporting tend to distort interpretation,
likely overestimating the benefits of prehabilitation. Addi-
tionally, the clinical relevance of findings and reference
to minimal clinically important differences in outcomes is
poorly described. Only three studies powered their trials to
assess clinically important differences in LOS [13,15,22], and
only one study was powered to assess a change in a health
outcome [15]. Furthermore, only four trials commented on
the clinical importance of their findings [6,20-22]. Finally,
although it appears that exercise is safe for patients awaiting
surgery (0.5% adverse event rate), few studies described the
safety of their interventions adequately, as only four trials
explicitly indicated whether the adverse events were related
to the exercise intervention [6,14,17,23].

This review has several limitations that should be con-
sidered. First, all non-English publications were excluded,;
however, the authors only found one relevant non-English
study, that would probably have been excluded based on the
inclusion criteria given the description of the study in the
translated abstract [35]. Second, this review may be biased
by the exclusion of unpublished studies, such as oral or
poster presentation abstracts. However, non-peer-reviewed
reports of trials typically include smaller treatment effects
than formally published trials [36] and may be of poor
methodological quality, potentially distorting the overall find-
ings from the larger body of evidence. Also, the lack of
consistency in outcome measurement for most performance-
based or psychosocial well-being measures precluded the
authors’ ability to effectively meta-analyse all of the out-
comes apart from LOS. Future studies should consider the
pool of literature with respect to postoperative measurement
for generalisability of their findings, especially in light of
the well-validated measures used in many of the studies
reviewed here. In this meta-analysis, significant heterogene-
ity was observed, indicating that the effect sizes for various
outcomes were quite disparate. This may be due to the limited
number of trials available for meta-analysis, as well as the
variety of populations and intervention approaches that were
assessed.

At present, there is no clear evidence of benefit of
total-body prehabilitation with respect to postoperative func-
tionality or psychosocial outcomes. However, the qualitative
and quantitative evidence for reduced LOS, particularly
in cardiac surgery patients, is more compelling, as three
well-designed and adequately powered trials demonstrated
reduced LOS for prehabilitation patients compared with con-
trols [13,20,22]. The results of this meta-analysis, suggesting
a reduction in LOS with prehabilitation, are intriguing and
suggest the need for further high-quality studies to confirm
the findings. However, the study with the lowest risk of
bias found no difference in LOS between the intervention
and control participants. Consequently, while a reduction

in prehabilitation-related reduction in LOS would be an
important clinical finding given its positive association with
re-admission rates, poor functional status and mortality, and
negative association with healthcare costs [37,38], it is con-
cluded that the overall evidence related to this outcome is
equivocal. It is worth noting, however, that in the studies that
observed reduced LOS [13,20,22], prehabilitation partici-
pants had better physical function and recovery [20], HRQOL
[13] and peri-operative complications [22].

The salient nuance of this review compared with previ-
ous reviews [3-5] is the focus on total-body exercise rather
than muscle- or joint-specific exercises. It is likely that total-
body exercise is better suited to prepare the entire body for
prolonged sedentary behaviour, postural compensation and
modified behaviour patterns that are common to postopera-
tive recovery. The systemic benefits of cardiovascular condi-
tioning can be achieved through a variety of modalities that
may be non-, partial- or full-weight-bearing, and may prevent
clinically relevant decreases in cardiopulmonary fitness. In
patients awaiting lung resection, for example, Jones et al. [6]
and Peddle et al. [21] demonstrated that an intense cycling
intervention was tolerable and produced clinically important
pre-operative increases in aerobic capacity that likely pre-
vented postoperative decreases in aerobic fitness to levels
below that required for functional independence. Moreover,
they demonstrated an important positive correlation between
aerobic fitness and HRQOL (r=0.70, P <0.036), suggest-
ing that preservation of aerobic capacity is important for
the maintenance of psychosocial health [21]. These findings
require replication in high-quality RCTs and amongst other
populations, but provide a starting point for further hypothe-
sis testing. For orthopaedic surgery, training of the ‘healthy’
limbs or extremities likely improves the performance of
various functional tasks that require improved contralat-
eral strength and endurance to compensate for the operated
limb. This review of several studies examining unilateral
lower-extremity joint-replacement surgery indicates that the
recovery of functional performance is often quicker in total-
body prehabilitation patients. Contrary to previous reviews
that have shown a lack of benefit of prehabilitation among
orthopaedic patients [4,5], this review found that the major-
ity of studies reported that total-body exercise was effective
for a variety of functional outcomes. The authors have also
extended the findings of previous reviews with a careful
assessment of risk of bias that underscores the importance
of future, high-quality study designs with low risk of bias to
determine the effect of prehabilitation with more confidence.

It is likely that the best approach to prehabilitation is
to consider both total-body conditioning and site-specific
exercises; this should be examined further. An important
remaining question is whether surgery should be postponed to
allow for prehabilitation. Studies have demonstrated that the
moderate delays in treatment for non-small-cell lung cancer
patients are not associated with worsened long-term progno-
sis [39,40], and postponing surgery for long enough to reach
pre-operative fitness targets may improve postoperative risk



profiles [6]. However, this issue has not been studied formally
in RCTs or across other diseases.

Conclusion

The balance of data appears to favour total-body preha-
bilitation over standard care for patients undergoing surgery
in ways that may result in significant cost savings through
reduced LOS and peri-operative complications. The major-
ity of trials included in this review suggest an improvement
in physical function, LOS and pain following surgery com-
pared with standard care. However, poor methodological
quality and high risk of bias were common across studies,
and preclude any definitive conclusions for all the out-
comes examined. Given the nascence of this literature, future
studies should focus on adequately powered RCT designs
with consistent use of outcome measurements for enhanced
generalisability across studies. Measures that are clinically
relevant and consistent with the contemporary knowledge
base include the 6-minute walk test for functional capacity,
the SF-36 for physical and psychosocial quality of life, and
LOS for trajectory of recovery.
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