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Background & aims: Prehabilitation comprises multidisciplinary preoperative interventions including
exercise, nutritional optimisation and psychological preparation aimed at improving surgical out-
comes. The aim of this systematic review and meta-analysis was to determine the impact of pre-
habilitation on postoperative outcomes in frail and high-risk patients undergoing major abdominal
surgery.
Methods: Embase, Medline, CINAHAL and Cochrane databases were searched from January 2010 to
January 2023 for randomised clinical trials (RCTs) and observational studies evaluating unimodal (ex-
ercise) or multimodal prehabilitation programmes. Meta-analysis was limited to length of stay (primary
end point), severe postoperative complications (Clavien-Dindo Classification � Grade 3) and the 6-
minute walk test (6MWT). The analysis was performed using RevMan v5.4 software.
Results: Sixteen studies (6 RCTs, 10 observational) reporting on 3339 patients (1468 prehabilitation
group, 1871 control group) were included. The median (interquartile range) age was 74.0 (71.0
e78.4) years. Multimodal prehabilitation was applied in fifteen studies and unimodal in one. Meta-
analysis of nine studies showed a reduction in hospital length of stay (weighted mean
difference �1.07 days, 95 % CI �1.60 to �0.53 days, P < 0.0001, I2 ¼ 19 %). Ten studies addressed
severe complications and a meta-analysis suggested a decline in occurrence by up to 44 % (odds
ratio 0.56, 95 % CI 0.37 to 0.82, P < 0.004, I2 ¼ 51 %). Four studies provided data on preoperative
6MWT. The pooled weighted mean difference was 40.1 m (95 % CI 32.7 to 47.6 m, P < 0.00001,
I2 ¼ 24 %), favouring prehabilitation.
iologists; CI, confidence intervals; CCI, Comprehensive Complication Index; CINAHL, The Cumulative Index to Nursing
for Clinical Nutrition and Metabolism; ERAS, Enhanced Recovery after Surgery; HADS, Hospital Anxiety and Depression
alysis Of Observational Studies in Epidemiology; OR, odds ratio; PRISMA, Preferred Reporting Items for Systematic
orting Items for Systematic Reviews and Meta-Analyses literature search extension; QoL, quality of life; RCT, rando-
ative risk; WHO, World Health Organization; WMD, weighted mean difference; 6MWT, 6-min walk test.
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Conclusion: Given the significant impact on shortening length of stay and reducing severe complications,
prehabilitation should be encouraged in frail, older and high-risk adult patients undergoing major
abdominal surgery.
© 2024 The Author(s). Published by Elsevier Ltd. This is an open access article under the CC BY license

(http://creativecommons.org/licenses/by/4.0/).
1. Introduction

Complications occurring after major surgery are associated with
long-term declines in survival [1,2], reduced quality of life [3,4], and
increased healthcare-related costs [4e6]. Increasing age and the
associated decrease in physical fitness are among important risk
factors for the development of surgical complications [7]. As
medical technology advances, surgical techniques develop, and the
population ages, an increasing number of older persons are opting
for major elective surgery [8]. Thus, interventions that facilitate safe
surgery and improve patient outcomes are highly relevant.

Prehabilitation is one example of an intervention with potential
to improve postoperative outcomes by enhancing functional ca-
pacity, metabolic flexibility and psychological resilience to improve
the patient's tolerance to surgical stress [9,10]. Core components of
prehabilitation include supervised or unsupervised exercise,
nutritional optimisation, and psychological preparation. Although
there is a growing interest in implementing prehabilitation pro-
grammes, high-quality evidence of benefit is still lacking [10e13].
For example, the type of exercise, adherence, and possible adverse
effects related to the complexity of the exercise programmes vary
greatly between studies [10]. In addition, the pre-existing fitness of
patients recruited to studies on prehabilitation is variable and the
inclusion of physically fit patients can potentially reduce the sig-
nificance of findings [10].

Preoperative sarcopenia [14,15], malnutrition [7,15,16], reduced
physical fitness [3,9,17,18], impaired psychological reserves [3,6,19]
and anxiety [3,4] in the preoperative period have been identified as
markers of poorer outcomes in surgical patients and are thus of
concern for surgeons, anaesthetists and perioperative care physi-
cians. These negative characteristics are typically present in older
adults and comprise the frailty syndrome (i.e., frailty) [20]. Frailty is
characterised by a deterioration of physiological systems that ac-
cumulates over time [20]. In 2020 in England, the prevalence of
frailty was estimated to be 8.1 % [95 % CI: 7.3 to 8.8 %] among those
aged 50 years and older, with the prevalence increasingwith age [8].
In addition, the prevalence of pre-frailty and frailty in older patients
with cancer increases to more than 50 % [21]. Frailty is also observed
in patients under the age of 65 years [22] and negatively impacts the
host immune response [23] and tissue healing [24], and is an in-
dependent risk factor for postoperative complications [8,21,25,26].
If frailty is present in addition to natural ageing, it is unlikely to
result in a return to baseline quality of life after surgery [27].

We hypothesised that prehabilitation would be beneficial for
older, frail patients who have reduced physiological reserves. This
systematic review and meta-analysis aimed to determine the
impact of prehabilitation on postoperative outcomes, including
length of hospital stay (LOS), severe complications and quality of
life (QoL) in frail and high-risk patients undergoing elective major
abdominal surgery.

2. Methods

2.1. Search strategy

MEDLINE, Embase, ClinicalTrials.gov (www.clinicaltrials.gov),
CINAHL, Google Scholar, and Cochrane Library databases were
630
searched comprehensively to identify relevant studies published
between January 1, 2010 and January 30, 2023 that evaluated the
effect of prehabilitation in patients who were frail, older, and un-
dergoing elective abdominal surgery. Due to the relatively recent
use of the term prehabilitation in clinical trials, a date restriction
was imposed to facilitate comparability of terms among studies.
The following search terms were used: (prehabilitation OR peri-
operative OR presurgery) AND (abdominal surgery OR gastroin-
testinal surgery). Further information on the search strategy is
provided in Supplementary Table 1. Bibliographies of included
studies and previous systematic reviews and meta-analyses were
reviewed to ensure that relevant papers were included. Study se-
lection, evaluation of eligibility criteria, data extraction, and sta-
tistical analyses followed the Cochrane methodology standards
[28] and findings are reported in accordance with PRISMA-S
(Preferred Reporting Items for Systematic Reviews and Meta-
Analyses literature search extension) guidelines [29] and the
Meta-analysis Of Observational Studies in Epidemiology (MOOSE)
statements [30]. All co-authors participated in discussions to refine
the search strategies. In accordance with the Cochrane search
strategy recommendations and to further reduce the likelihood of
missing relevant studies within the population of interest, the
terms frailty and old adults were not applied to the search strategy
[28]. The initial search was performed in October 31 2022, and a
search for additional studies was done in January 2023
(Supplementary Table 1).

2.2. Criteria for considering studies for review

Consideration was given to all studies on patients undergoing
major abdominal surgery which consisted of elective gastrointes-
tinal, hepatobiliary, pancreatic and vascular procedures. The
intervention of interest was prehabilitation which was defined as a
physical (exercise) component of the prehabilitation programme
(unimodal prehabilitation), or an exercise component combined
with a nutritional and/or psychological support (multimodal pre-
habilitation). Restrictions on exercise duration, frequency, type, or
supervision (supervised or unsupervised programs) were not
applied.

2.3. Outcome measures

The primary outcome measure was LOS. Secondary outcomes of
interest included severe postoperative complications (Clavien-
Dindo Classification � Grade 3 [31]), comprehensive complication
index (CCI), QoL, quality of recovery, 6-minute walk test (6MWT).
CCI combines all complications with their respective severities on a
continuous scale from 0 (no burden due to complications) to 100
(death as a result of complications) [32]. Meta-analysis was limited
to LOS, postoperative complications and 6MWT.

2.4. Inclusion criteria

Randomised clinical trials (RCTs) and observational studies
reporting at least one relevant clinical outcome were included. To
be included in this review, the methodological section of a study
had to describe its study population as individuals over 60 years of
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age (frail or not) or persons under 60whowere experiencing frailty.
These criteria enabled the inclusion of high-risk patients, This age
limit was chosen with respect to the definition of an old person
defined by the United Nations [33]. As the definition of frailty varies
considerably in the literature, a single score was not selected.
Definitions used for frailty are listed in Table 1. The frail patient
could have been younger than 60 years of age, as this syndrome has
no age restrictions. Thus, our goal was to determine whether pre-
habilitation is important for high-risk patients, rather than those
under the age of 60 years and in good health. The control arm
comprised those receiving standard care or rehabilitation. There
were no restrictions regarding language of publication.

2.5. Exclusion criteria

Studies which failed to fulfil the inclusion criteria with regards
to type of prehabilitation (e.g., providing only nutrition support
without exercise regimes) were excluded. Studies that exclusively
reported on postoperative rehabilitation programs were excluded.
Additionally, studies that failed to report patient data, duplicated
studies, those with restricted access to study report or data, review
articles, letters to the editor, editorials, case reports, and conference
abstracts with no access to the entire study or report were
excluded.

2.6. Data extraction, collection and synthesis

The search results from all databases were imported in EndNote
20.5 software (https://endnote.com) and deduplicated using the
method described by Bramer et al. [34]. Rayyan software (www.
rayyan.ai) was used to ensure a blind and efficient data extraction
procedure [35]. The identified studies were screened for relevance
independently by 2 reviewers (P.S. and K.F.) according to review
eligibility criteria. All discordant studies were adjudicated by a third
reviewer (D.N.L.). Data were collected on publication details, study
design, number of participants, type of surgery, implementation of
Enhanced Recovery After Surgery (ERAS) protocols, participant age,
frailty score, nutritional score, details of prehabilitation in-
terventions (modality, duration, frequency, supervision), adverse
events, postoperative complications, LOS, 30-day mortality, read-
missions, 6MWT, patient reported outcomes and QoL. Risk of bias
was assessed for the RCTs included using the Cochrane Collabora-
tion RoB2 tool [28] within the RevMan v5.4 software [36]. Risk of
bias for cohort studies was assessed using the NewcastleeOttawa
scale [37].

2.7. Statistical analysis

For the meta-analysis, dichotomous outcome measures were
summarised as odds ratios (ORs) or weighted mean differences
(WMDs) with 95 % confidence intervals (CI) for continuous vari-
ables. The presence of statistical heterogeneity was to some degree
expected, given the between-study variability [38] in type of sur-
gery evaluated, number of patients per study, percentage of study
population that were malnourished, type of prehabilitation inter-
vention used, duration of intervention and choice of control group.
Therefore, quantitative synthesis of the pooled data was performed
using RevMan v5.4 software assuming a random-effects meta-
analysis [36]. Differences were considered statistically significant at
P < 0.05. Inconsistency and heterogeneity between studies were
estimated using the I2 statistic with the following interpretation of
values as outlined in the Cochrane Handbook [39].

� 0 %e40 % might not be important,
� 30 %e60 % may represent moderate heterogeneity,
631
� 50 %e90 % may represent substantial heterogeneity,
� 75 %e100 % considerable heterogeneity.

Assessment of publication bias was undertaken by judging
symmetry of the funnel plot for the primary outcome. Data from
RCTs and cohort studies were included separately within each
forest plot, with a summative analysis of all the evidence performed
in addition.

2.8. Registration of the protocol

The protocol for this systematic review and meta-analysis was
registered with the PROSPERO database (https://www.crd.york.
ac.uk/prospero/display_record.php?RecordID¼340986), and the
registration number assigned was CRD42022340986.

3. Results

3.1. Inclusion of studies

A total of 13,236 records were identified in the initial search.
After screening using the inclusion criteria specified in the PRISMA
flow diagram (Fig. 1), 142 full-text articles were evaluated of which
16 studies met the inclusion criteria [4,6,17,18,40e51]. Of these, 6
were RCTs [4,17,18,41,43,45] and 10 were cohort (case control)
studies [6,40,42,44,46e51]. Reasons for exclusion of potentially
eligible articles are detailed in Supplementary Table 2.

3.2. Study and patient characteristics

The 16 studies included evaluated a total of 3339 patients
(prehabilitation group: 1468; control group: 1871) [4,6,17,18,
40e51]. Table 1 provides an overview of study and patient char-
acteristics. The included clinical trials were published between
2015 and 2022. Ten studies included patients undergoing surgery
for colorectal cancer [6,18,40e46,49]. Of the remaining studies, two
investigated prehabilitation in patients undergoing major gastro-
intestinal surgery [4,17], one combined patients undergoing sur-
gery for oesophageal, gastric and pancreatic cancer [47], one
included patients undergoing surgery for colorectal, hepatobiliary
and pancreatic cancer [50], one consisted of hepatobiliary and
pancreatic surgery [48] and one was performed in patients
requiring surgery for gastric cancer [51]. In 11 studies, patients
underwent either laparoscopic or open surgery [4,6,17,18,
40e42,44e46,49]; two studies were limited to open surgery [48]
while three studies did not specify the operative technique
[43,47,50]. In eight studies [18,41,42,45e47,49,50], a proportion of
the patients received neoadjuvant therapy; in one study [48], only
patients without neoadjuvant therapy were included; in seven
studies [4,6,17,40,43,44,51] it was not stated whether patients
received neoadjuvant or adjuvant therapy. An age limit of 65 years
and older was applied in six studies [41,43,44,46,50,51], in another
five studies patients were 70 years and older [4,6,17,42,45], in one
study the limit was 60 years and older [18] and in one study pa-
tients were 75 years and older [49]. Five frailty scores were used
among studies: the Fried Frailty Index was used in two [41,44], the
Duke Activity Status Index in two [4,17], the Clinical Frailty Score in
two [6,51], a modified Frailty Index in one [47] and the Edmonton
frail scale in one [50]. In six studies [18,40,42,45,46,48], a mix of
different factors [American Society of Anesthesiologists (ASA) score
III/IV, body mass index, serum albumin concentration, Veterans
Specific Activity Questionnaire, World Health Organization (WHO)
performance status, Charlson Comorbidity Index] that were
thought to be important to the patient's physical condition and
indicative of frailty was used. Two studies were included in the



Table 1
Patient demographics in the studies included.

Study, year Country Study
methodology

Sample size Type of surgery Laparoscopic
(%)

Neoadjuvant
therapy (%)

Age in years
(median (IQR)
or mean ± SD

Male
sex (%)

Nutritional status
(median (IQR) or
mean ± SD

Definition of frailty

Barberan-
Garcia et al.,
2018 [17]

Spain RCT, single
centre

Total: 125
I: 62
C: 63

Major
gastrointestinal
surgery

I: 79
C: 89

Not stated Age >70 y
I: 71 (10)
C: 71 (11)

I: 68
C: 80

BMI
I: 21 (7)
C: 22 (8)

Duke activity status index score �46

Barberan-
Garcia et al.,
2019 [4]

Spain RCT, single
centre,
reanalysis of
new data

Total: 125
I: 62
C: 63

Major
gastrointestinal
surgery

I: 79
C: 89

Not stated Age >70 y
I: 71 (10)
C: 71 (11)

I: 68
C: 80

BMI
I: 21 (7)
C: 22 (8)

Duke activity status index score �46

Berkel et al.,
2021 [18]

Netherlands RCT, two
centres

Total: 57
I: 28
C: 29

Colorectal
cancer surgery

I: 82
C: 72

I: 2.8
C: 2.9

age >60 y
I: 74 (7)
C: 73 (6)

I: 57
C: 48

BMI
I: 29.8 (4.1)
C: 30.5 (4.9)

A metabolic equivalent of task (MET)
score �7 on the VeteranseSpecific
Activity Questionnaire (VSAQ), for
definite inclusion, patients also had to
have a low preoperative aerobic fitness
(high risk for postoperative
complications) at the baseline CPET,
defined as a VO2 at the VAT <11 mL/kg/
min

Bojesen et al.,
2022 [40]

Denmark Observational Total: 839
I: 364
C: 475

Colorectal
cancer surgery

I: 96
C: 91

Not stated I: 70 (9.4)
C: 69 (10)

I: 56
C: 53

Not stated The screening tool: timed up and go,
weight loss, BMI, albumin, ASA
classification, and WHO performance
status

Carli et al.,
2020 [41]

Canada RCT, 2 centres Total: 110
I: 55
C: 55

Colorectal
cancer surgery

I: 76.4
C: 81.2

I: 12.7
C: 11.1

Age >65 y
I: 78 (72e82)
C: 82 (75e84)

I: 52.7
C: 41.8

BMI
I: 24.9 (23.0e30.1)
C: 26.4 (23.8e30.6)

Fried frailty index (1 indicates no
frailty; 2e3, intermediate frailty; and
4e5, frailty)

Chen et al.,
2017 [43]

Canada RCT, reanalysis
of new data,
single centre

Total: 116
I: 57
C: 59

Colorectal
cancer surgery

Not stated Not stated Age >65 y
I: 67.9 (1.5)
C: 67.3 (1.2)

I: 63
C: 63

Albumin (g/L)
I: 40.0 (0.8)
C: 38.8 (0.5)

Not stated

Chia et al.,
2016 [44]

Singapore Observational Total: 117
I: 57
C: 60

Colorectal
surgery

I: 24.6
C: 16.7

Not stated Age >65 y
I: 79 (65e93)
C: 80.5 (75e97)

Not stated Not stated Fried frailty index (1 indicates no
frailty; 2e3, intermediate frailty; and
4e5, frailty), the weighted Charlson
comorbidity index score (WCIS) and the
patient's ambulatory status

de Klerk et al.,
2021 [46]

Netherlands Observational Total: 351
I: 76
C: 275

Colorectal
cancer surgery

I: 1
C: 2

I: 9
C: 13

Age �65 y
I: 75.01 (9.2)
C: 73.97 (8)

I: 51
C: 52

BMI
I: 26.2 (5.4)
C: 26.5 (6.2)

High-risk patients defined as ASA 3 or
�65 years

Karlsson et al.,
2019 [45]

Sweden RCT, single
centre

Total: 21
I: 10
C: 11

Colorectal
cancer surgery

I: 70
C: 73

I: 10
C: 20

Age �70 y
I: 83.5 (76e85)
C: 74 (73e76)

I: 40
C: 36

Albumin (g/L)
I: 36 (34e38)
C: 35 (32e36)

Without a frailty score, the physical
activity scale for elderly was used to
report level of preoperative physical
activity

Koh et al.,
2022 [6]

Singapore Observational Total: 81
I: 58
C: 23

Colorectal
cancer surgery

I: 62.1
C: 30.4

Not stated Age �70 y
I: 78.5 (70e93)
C: 77 (70e90)

I: 56.9
C: 52.2

Albumin (g/L)
I: 40 (25e51)
C: 39 (18e46)

Clinical frailty scale

Mazzola et al.,
2017 [47]

Italy Observational Total: 76
I: 41
C: 35

Oesophageal,
gastric and
pancreatic
cancer surgery

Not stated I: 27
C: 14

Age �18 y
I: 75 (44e90)
C: 75 (59e91)

I: 66
C: 66

Not stated A modified frailty index (mFI), patients
with a score 2 were considered frail

Nakajima et al.,
2019 [48]

Japan Observational Total: 152
I: 76
C: 76

Hepato-
pancreato-
biliary surgery

I: 0
C: 0

I: 0
C: 0

I: 69 (65e76)
C: 75 (60e75)

I: 67
C: 70

BMI
I: 22.2 (20.4e23.7)
C: 21.4 (19.6e23.7)

Charlson comorbidity index þ age

Souwer et al.,
2018 [49]

Netherlands Observational Total: 224
I: 86
C: 138

Colorectal
cancer surgery

I: 83
C: 77.5

I: 18.8
C: 17

Age �75 y
I: 80.6 (6.1)
C: 80.5 (6.2)

I: 51.5
C: 49

BMI
I: 26.0 (3.8)
C: 26.1 (4.9)

Not stated
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analysis solely on the basis of meeting the criteria for old age,
without providing a delineation of frailty [43,49] (Table 1).

3.3. Characteristics of the prehabilitation programmes

In 15 studies, prehabilitationwas multimodal, with five studies
investigating all three modalities (exercise intervention, nutri-
tional and psychological support) [4,17,41,43,50] and 10 studies
using two modalities (exercise intervention and nutritional sup-
port) [6,40,42,44e49,51]. One study used a unimodal (exercise)
intervention [18]. Eight studies used a prehabilitation programme
that lasted a minimum of 4 weeks [4,17,40e43,46,49], two studies
evaluated a minimum prehabilitation length of 3 weeks [6,18],
two studies had a minimum length of 2 weeks [44,45] and the
length of intervention was not specified in three studies
[47,48,50]. In themajority of studies, the exercise setting consisted
of a combination of supervised and home-based exercises
[4,17,41,42,44e46,49], in three studies it was supervised only
[6,18,40], in two studies home-based only [47,51] and in one study
the first exercise session was supervised and then continued as
home-based [48]. The duration and frequency of supervised and
home based exercise sessions varied and included 40e60 minutes
three times a week [18,43,46], 60 minute sessions 2e3 times a
week [45], 50 minute sessions 1e3 times a week [4,17], 30e45
minutes twice a week [44,49] and 60 minutes once a week [41].
Two studies did not specify the duration and frequency of exercise
sessions [6,40]. Home-based exercise occurred for 60 minutes
daily [51] or for 30 minutes 3 thrice a week [47]. Table 2 sum-
marises characteristics of the interventions. In the majority of
studies, a combination of aerobic exercise (i.e., a cycle ergometer)
and strength exercise were used [18,41,43,45,46,48]. Strength-
ening techniques, followed by stretching were also utilised [41].
For at-home exercises, walking [47,51] or a series of
physiotherapist-prescribed exercises were most recommended
[43]. Table 3 summarises details of prehabilitation interventions.

3.4. Summary of the review and meta-analysis results

Table 4 summarises the results of the primary and secondary
outcomes of the studies included in the systematic review and
meta-analysis.

3.4.1. Primary outcome: length of stay
Nine studies provided complete data on LOS [6,17,18,41,

44e47,50]. The pooled WMD was �1.07 (95 % CI �1.60 to �0.53,
P < 0.0001, I2 ¼ 19 %; Fig. 2a). Two studies reported data on post-
operative LOS [48,51]. Nakajima et al. provided data on the median
(IQR) postoperative LOS, which were considerably shorter in the
prehabilitation group compared with the control group (median,
23 vs. 30 days; P ¼ 0.045) [48]. In the cohort study by Wada et al.,
the mean postoperative LOS for the prehabilitation group was
13.0 ± 1 days compared with 15.9 ± 0.7 days for the control group
(P ¼ 0.03) [51]. Souwer et al. reported a reduction in extended LOS
longer than 14 days from 27 % in 2010e2011 to 13 % in 2012e2013
and 6 % in 2014e2015 (OR 0.1, 95 % CI 0.01 to 0.97, P¼ 0.047 and OR
0.2, 95 % CI 0.1 to 0.5, P ¼ 0.001), respectively in their cohort study
[49]. In another cohort study Bojesen et al., showed that the odds
ratio (95 % CI) for a 10-day or longer hospital stay was 0.61 (0.38 to
1.00) in the prehabilitation group (n ¼ 839) and 1.53 (0.99 to 2.37)
in the control group [40].

3.4.2. Secondary outcomes
The secondary outcomes of clinical significance consistently

reported in the included studies were severe complications, CCI,
and 6MWT. However, the timing when the impact of



Fig. 1. PRISMA diagram.
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prehabilitation on 6MWT was measured varied highly, either pre-
operatively or at different times after surgery. The functional, cost-
effectiveness, psychological and nutritional variables reported by
some studies were not investigated consistently, nor were they
reported in a manner that allowed for accurate pooling of their
results.

3.4.3. Secondary outcomes: severe complications
Eleven studies provided relevant data for a meta-analysis of

serious complications classified as Clavien-Dindo � Grade 3.
Figure 2b shows the incidence rates of severe complications in
the treated (prehabilitation) versus untreated (control) groups.
The event rate of this outcome was 11.8 % (129/1093) patients
in the prehabilitation group compared with 18.1 % (242/1338)
patients in the control group in the cohort subgroup. In the
RCT subgroup 11.8 % (11/93) patients in the prehabilitation
group compared with 15.8 % (15/95) patients in the control
group had severe complications. Overall (cohort and RCT)
11.8 % (140/1186) patients in the prehabilitation group and
17.9 % (257/1433) patients the control group had severe com-
plications. The pooled OR for severe complications after pre-
habilitation was 0.56 (95 % CI 0.37 to 0.82, P < 0.004,
I2 ¼ 51 %).

3.4.4. Secondary outcomes: comprehensive complication index
Four studies provided data on CCI. Carli and co-investigators,

demonstrated that there was no between group difference in the
CCI (adjustedmean difference, 3.2; 95 % CI,11.8 to 5.3; P¼ 0.45) [41]
and similar results were reported in the clinical trials by Pang et al.
[50] and Berkel et al. [18] (12.2 vs. 10.1, P ¼ 0.156 and 17.3 vs. 18.4,
P ¼ 0.24 respectively). Other authors have shown that the imple-
mentation of a prehabilitation programme resulted in a significant
decrease in CCI in the prehabilitation group (P ¼ 0.01) compared
with the control group (P ¼ 0.59) [40].
634
3.4.5. Secondary outcomes: 6-minute walk test
Four studies provided data on preoperative 6MWT [6,17,41,43].

The pooledWMDwas 40.18 m (95 % CI 32.75e47.60 m, P < 0.00001,
I2 ¼ 24 %; Fig. 2c). In addition, in the study by de Klerk et al., 53
patients showed a median improvement in 6MWT of 36 m (IQR
19e59), (17 %; IQR 4e13) before surgery [46].

3.4.6. Secondary outcomes: quality of life
Three RTCs [4,17,41] and 1 observational study [6] addressed

quality of life domains. Preoperative and postoperative patient-
reported outcome measures revealed no differences between the
prehabilitation and control groups (rehabilitation) in self-reported
generic health status (36-Item Short Form Survey), anxiety and
depression (Hospital Anxiety and Depression Scale), or energy
expenditure (Community Healthy Activities Model Program for
Seniors questionnaire) [41]. At prehabilitation programme
discharge (presurgery), neither quality of life nor psychological
status improved in the prehabilitation group [17]. In comparison,
30 days after surgery, the prehabilitation group in the study by
Barberan-Garcia et al. showed lower anxiety and depression levels
(HADS score) compared with the control group (9 vs. 6, P ¼ 0.008)
[6]. In addition, follow-up assessments using the EuroQol-5
Dimension Health Questionnaire (EQ5D) at each evaluation inter-
val (1, 3, 6 months) revealed an increasing trend from 0.70 (range:
0.30e1.00) to 0.80 (range: 0.50e1.00, P ¼ 0.001) six months after
surgery.

3.5. Heterogeneity and publication bias

Statistical heterogeneity in this meta-analysis was relatively low
tomoderate, ranging from 19 % to 51 % (Fig. 2aec). The possibility of
publication bias was assessed in the funnel plot for the primary
outcome of LOS, and this was found to show a minor degree of
asymmetry, suggesting low risk of publication bias. Due to the



Table 2
Characteristics of prehabilitation programmes and control group.

Study, year Prehabilitation
modality

E N P Exercise setting Prehabilitation
duration

Exercise
frequency

Prehabilitation
adherence or
compliance with
sessions (mean)

Reasons for non-adherence Adverse events ERAS

Barberan-
Garcia
et al.,
2018 [17]

Multimodal þ þ þ Supervised and
home-based

�4 weeks 1 to 3 sessions
(47 min each)

Not stated 19 discontinued the study
� 4 Incapacity to perform the
exercise testing
� 4 Decided to abandon the
study � 11 Change of surgical
plan

No adverse events Yes

Barberan-
Garcia
et al.,
2019 [4]

Multimodal þ þ þ Supervised and
home-based

�4 weeks 1 to 3 sessions
(47 min each)

Not stated 19 discontinued the study � 4
Incapacity to perform the
exercise testing
� 4 Decided to abandon the
study � 11 Change of surgical
plan

No adverse events Yes

Berkel et al.,
2021 [18]

Monomodal þ e e Supervised only 3 weeks 3 sessions
(60 min each)

90 % (8.1 (SD 2.4) of the
9 supervised exercise
training sessions

1 patient felt overwhelmed by
all appointments

No adverse events Yes

Bojesen et al.,
2022 [40]

Multimodal þ þ e Supervised only �4 weeks Not stated Not recorded Not stated Not stated Yes

Carli et al.,
2020 [41]

Multimodal þ þ þ Supervised and
home-based

4 weeks 1 session
(60 min)

68 % (38 %) in the
Prehab group and 14 %
(27 %) in the Rehab
group

Not stated No adverse events Yes

Chen et al.,
2017 [43]

Multimodal þ þ þ Supervised first
session than home-
based

4 weeks 3 sessions
(40 min each)

Not stated Not stated Not stated Not stated

Chia et al.,
2016 [44]

Multimodal þ þ e Supervised or
home-based
(according to the
patient's
preferences)

2 weeks 2 sessions Compliance goals for
prehabilitation in 80 %
of patients

Not stated Not stated Yes

de Klerk et al.,
2021 [46]

Multimodal þ þ e Supervised and
home-based

�4 weeks 3 sessions 90 % (76 of 84 patients) Six patients discontinued the
prehabilitation program: two
for logistical reasons, two for
imminent tumour obstructions,
one for physical discomfort
after a fall (not related to the
program), and one patient for
being physically too frail and
there was decided not to
perform surgery.

3 serious adverse events: one
hospital admission due to
anaemia requiring suppletion, a
collapse during training after
which the cardiologist was
consulted, and renal
insufficiency for which the
protein intake had to be
stopped.

Yes

Karlsson
et al.,
2019 [45]

Multimodal þ þ e Supervised and
home-based

�2 weeks 2 to 3 sessions
(60 min each)

97 % 1 session missed due to the
physiotherapist being unable to
conduct the last session, and
one due to medical reasons
resulting in rescheduling
surgery

One patient reported knee joint
pain

Yes

Koh et al.,
2022 [6]

Multimodal þ þ e Supervised only 3 weeks Not stated Not stated Not stated Not stated Yes

Mazzola
et al.,
2017 [47]

Multimodal þ þ e Home-based only Weeks (not
specified)

3 sessions
(30 min each)

Not stated Not stated Not stated Not stated

(continued on next page)
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nature of prehabilitation and the type of interventions, no study
was able to blind participants or care providers. The risks of bias for
the RCTs and cohort studies included are summarised in Fig. 3 and
Table 5 respectively.

4. Discussion

4.1. What our study found

This meta-analysis demonstrated that prehabilitation was
associated with a 44 % lower risk of developing severe complica-
tions (Clavien-Dindo classification � Grade 3) following major
abdominal surgery. Additionally, the prehabilitation group also
experienced a 1-day reduction in LOS, which may be related to the
decrease in severe complications. Individual studies did not
demonstrate a significant positive effect of prehabilitation on
complications determined by the CCI. Compared with the control
group, the prehabilitation group demonstrated a 40 m improve-
ment in 6MWT before surgery. Studies included patients under-
going various abdominal surgical procedures, each with unique
risks of complications and morbidity. Patients were also at higher
risk of developing complications based on their age or a well-
defined frailty score. Incorporating a variety of abdominal surgical
procedures, themajority of which were performed on patients with
cancer, increases the likelihood that the results can be generalisable
in this population.

4.2. Prehabilitation programme details

Fifteen out of the sixteen prehabilitation programmes were
multimodal, included supervised or unsupervised exercise ses-
sions, and had an average duration of two to four weeks. The
optimal prehabilitation regimen for this population is difficult to
determine due to variation in the type of interventions, frequency,
intensity and duration of individual exercises used in published
studies. A lower intensity prehabilitation programme may not be
sufficient to optimally prepare patients for surgery [10]. It is also
possible that after a certain level of intensity, the exercises may no
longer be effective or, on the contrary, detrimental to the entire
body. The high degree of heterogeneity in both exercise intensity
and study results supports the need for further prospective, well-
designed studies. The most frequently used exercise in the
studies in included our review consisted of a combination of
moderate-to-high-intensity aerobic and anaerobic exercise for up
to 60 minutes 2e3 times per week for at least 3 weeks (Table 3),
with regard to the minimum adverse event thus, this may be the
optimal exercise strategy for a high-risk population.

The nutritional component of prehabilitation was guided by a
registered dietitian in most studies. The primary focus of nutri-
tional support was adequate protein intake (1.2e1.9 g/kg body
weight), which was in some cases supplemented by a dose of
protein (e.g., 0.4 g/kg) after exercise. Oral nutritional support, oc-
casionally fortified with immunonutrition [47] or leucine-rich
essential amino acid supplements [48], were also advised in some
programmes. A trained psychologist or trained nurse was respon-
sible for the psychological preparation, during which states of
anxiety and depression were typically discussed, as well as coun-
selling regarding the cessation of smoking and consuming alcohol.

4.3. What is available in the literature

In older patients, preoperative physical condition is a signifi-
cant determinant of postoperative recovery [15,52]. Low muscle
mass and low functional capacity reduce the capacity to overcome
stress during and after open surgery, are both associated with



Table 3
Details of prehabilitation interventions.

Study, year Exercise intervention Nutritional support Psychological support
and/or smoking cessation

Control group

Barberan-
Garcia et al.,
2018 [17]

The unsupervised program focused on increasing
patient's steps per day, measured by a pedometer and/
or optimization of walking intensity, home-based
functional exercises (sit-to-stand exercise, stairs
climbing, elastic bands, indoor walking, among others)
to decrease sedentary behaviour at home, the
supervised program consisted of a high-intensity
endurance training performed on the cycle-ergometer
stationary bicycle for 47 min

In those at high-risk of
malnutrition
(Malnutrition Universal
Screening Tool)
nutritional intervention
was done by a registered
dietician.

Interview to reinforce
patients' motivation and
to raise the compromise
with the behaviour
change regarding the
program objectives.
Provided smoking
cessation advice.

Physical activity
recommendation,
nutritional counselling,
and advice on smoking
cessation and reduction of
alcohol intake.

Barberan-
Garcia et al.,
2019 [4]

The unsupervised program focused on increasing
patient's steps per day, measured by a pedometer and/
or optimization of walking intensity, home-based
functional exercises (sit-to-stand exercise, stairs
climbing, elastic bands, indoor walking, among others)
to decrease sedentary behaviour at home, the
supervised program consisted of a high-intensity
endurance training performed on the cycle-ergometer
stationary bicycle for 47 min.

In those at high-risk of
malnutrition
(Malnutrition Universal
Screening Tool)
nutritional intervention
was done by a registered
dietician.

Interview to reinforce
patients' motivation and
to raise the compromise
with the behaviour
change regarding the
program objectives.
Provided smoking
cessation advice.

Physical activity
recommendation,
nutritional counselling,
and advice on smoking
cessation and reduction of
alcohol intake.

Berkel et al.,
2021 [18]

Moderate-to-high intensity interval training on a cycle
ergometer (TechnoGym, Bike Med, Gambettola, Italy) to
improve aerobic fitness (40 min), and resistance
training to improve peripheral muscle strength
(20 min)

No intervention No intervention. Nutritional counselling
and advice on smoking
cessation.

Bojesen et al.,
2022 [40]

Training was performed by referral to a physiotherapist
in the patient's respective municipality. No further
information's.

Performed by a dietician
with a specialty in
colorectal cancer in one
session approximately 1 h
in length. The current
intake was estimated by a
general diet history and a
24-h recall. Total energy
requirements were
estimated by the Harris
eBenedict equation with
an added factor of 1.3
e1.5, depending on daily
activities. Total protein
consumption was aimed
at greater than or equal to
1.5 g protein/kg
bodyweight. Further,
three to four protein
drinks (Fresubin,
Fresenius Kabi®) daily.

No intervention. No intervention.

Carli et al.,
2020 [41]

Moderate aerobic exercise for 30 min, resistance
exercises using an elastic band for 25 min, stretching for
5 min, home-based program of aerobic activities (walk
daily for a total of 30 min as moderate-intensity aerobic
activity) and resistance training (elastic band routine 3
times per week).

Target protein intake
1.5 g/kg of body weight
(or adjusted body weight
in obese patients), if
needed whey protein
supplementation
(Immunocal; Immunotec,
Inc)

Assessment by a
psychology trained nurse,
potential causes of
perioperative fatigue,
anxiety, and depression
were discussed,
counselling regarding
smoking and alcohol
cessation, the use of
nicotine replacement
therapy.

The identical multimodal
program was prescribed
for patients in the
rehabilitation group; the
interventions started only
after postoperative
discharge from the
hospital (4 weeks).

Chen et al.,
2017 [43]

50 min of home-based, unsupervised exercise for at
least 3 days per week (walking, jogging, swimming, or
cycling at patient discretion), 20 min of aerobic exercise
followed by 20 min of resistance exercise 3 times per
week.

Whey protein isolate
supplementation
(Immunotec Inc.,
Vaudreuil, QC) to reach a
daily intake of up to 1.2 g
of protein per kilogram of
body weight, as per the
European Society of
Parenteral and Enteral
Nutrition (ESPEN)
guidelines for surgical
patients.

A trained psychologist
provided patients with
relaxation and breathing
exercises to reduce
anxiety. Patients practiced
with the psychologist
during the initial visit,
after which they were
provided with an
instructional compact
disk for performing these
exercises at home.

An intervention program
similar, but only to
commenced after surgery
as rehabilitation.

Chia et al.,
2016 [44]

Prehabilitation in the outpatient setting either at home
or in the day rehabilitation centre, education and
ensuring compliance, cardiovascular strengthening,
mobilizing, muscle strengthening, no further details.

Dietitian, attention to
nutrition, no further
details.

No intervention. No intervention.

(continued on next page)
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Table 3 (continued )

Study, year Exercise intervention Nutritional support Psychological support
and/or smoking cessation

Control group

de Klerk et al.,
2021 [46]

Two components: high-intensity training (three times
per week supervised by a physiotherapist at the
hospital) and low-intensity training (four times per
week as independent home endurance training).

Tailored nutritional
advice from a dietician to
meet individual energy
and protein needs, where
the goal was to achieve a
total protein intake of
1.9 g per kilogram of lean
body mass per day. In
addition, patients were
advised to use 0.4 g
protein per kg within 1 h
of the high-intensity
training and daily at
bedtime to support
muscle synthesis.

Help with smoking
cessation at the
outpatient clinic was
offered.

No intervention.

Karlsson et al.,
2019 [45]

Home supervised sessions included three blocks. Block I
consisted of inspiratory muscle training, block II
consisted of high-intensity functional strength
exercises, block III consisted of endurance training

Dietician was initiated if a
risk for malnutrition
appeared, the dietician
conducted a registration
of dietary intake, gave
individual diet advice, and
prescribed supplements if
needed.

No intervention The advice to follow the
recommendation of
150 min/week of
moderate physical
activity.

Koh et al., 2022
[6]

Resistance exercise using a resistance band with weekly
review by the physiotherapies (no further details).

Oral nutrition
supplementation as
recommended by the
dietetics team (no further
details).

No intervention No intervention.

Mazzola et al.,
2017 [47]

Deep breathing exercise (3 sessions per day of 10
inspiration/expiration cycles), moderate intensity
walking for 30 min three times a week.

A mixture containing
immuno-nutritional
products, oral nutritional
support (Impact Oral, 2
bricks during 12 h) for 5
e7 days prior to surgery
independently from risk
assessment. High
nutritional risk patients
received oral nutritional
support

Provided smoking
cessation advice.

No intervention.

Nakajima
et al., 2019
[48]

60 min of home-based, unsupervised exercise once a
day at least 3 times per week. Moderate aerobic exercise
and resistance training were combined. In the aerobic
exercise, the patients were asked to walk for at least
30 min with an exercise intensity of 3e4 according to
the modified Borg Scale score

A leucine-rich essential
amino acid supplement
within 30 min after the
start and end of exercise
session.

No intervention No intervention.

Souwer et al.,
2018 [49]

Resistance training as well as endurance training. All
training sessions were supervised by a local
physiotherapist and each session was at 30e45 min,
also instructions for home-exercises and breathing
exercises were given.

Nutrition support with a
targeted intake of protein
of 1.2e1.5 g/kg/day.

No intervention No intervention.

Pang et al.,
2021 [50]

Aerobic, strengthening, and balancing exercises were
taught and practised over a 45-min session

Caloric requirement was
determined by Schofield
equation with a stress
factor of at least 1.2.
Protein requirement was
calculated as 1.3 g/kg
body weight.

Detailed counselling on
what to expect during the
perioperative period was
carried out by a specialist
nurse, with the aim of
allaying fear and anxiety
in older patients
scheduled to undergo a
major operation

No intervention.

van der Hulst
et al., 2021
[42]

Exercise program with a local physiotherapist for 30
e45 min, twice a week, also instructed to perform
home-exercises. No further details.

Referred to the dietician
for nutritional support if
needed

No intervention. No intervention.

Wada et al.,
2022 [51]

The preoperative exercise program consisted of walking
and resistance training. Walking was recommended
about 1 h per day and patients were asked to perform
leg press, leg lunge, and squats according to normal
activities of daily life of each patient by rehabilitation
specialists for resistance training

Advised to aim for a total
daily caloric intake of 25
e30 kcal/kg ideal body
weight and a daily protein
intake of 0.8e1.2 g/kg
ideal body weight.

No intervention No intervention

P. Sko�repa, K.L. Ford, A. Alsuwaylihi et al. Clinical Nutrition 43 (2024) 629e648
adverse outcomes, and are modifiable risk factors through pre-
habilitation [14,53,54]. During the preoperative period under su-
pervision of specialists, prehabilitation interventions such as
exercise, inspiratory muscle training, oral nutrition supplements
638
or immunonutrition, and psychological support have the potential
to improve postoperative outcomes [11,55].

The role of frailty in the surgical recovery process has been re-
ported inconsistently in the literature. A study of older patients



Table 4
Summary of main outcomes and results.

Study, year Primary endpoint Secondary endpoint Postoperative outcomes Functional outcomes Psychological outcomes

Barberan-Garcia
et al., 2018
[17]

Postoperative
complications

LOS in the ICU, LOS, endurance time (aerobic
capacity), Yale physical activity survey, short
form health survey (SF-36), hospital anxiety and
depression scale

Y All postoperative complications in
prehabilitation group (31 % versus 62 %,
P ¼ 0.001)
/ Postoperative complications using Clavien-
Dindo classification between the groups
Y LOS in the ICU in the prehabilitation group (1
versus 4 days, P ¼ 0.078)
Y LOS in the prehabilitation group (8 versus 13
days, P ¼ 0.078)

[ Endurance time (aerobic
capacity) in prehabilitation
group presurgery (325 s
baseline to 765 s, P ¼ 0.001)
/ 6MWT between the groups

/ SF-36 quality of life between
the groups presurgery
/ HAD score of anxiety and
depression between the groups
presurgery

Barberan-Garcia
et al., 2019 [4]

e Endurance time at 3 months, Yale physical
activity survey at 3 and 6 months, short form
health survey (SF-36) at 3 and 6 months, HAD,
emergency room visits, hospital readmissions,
surgical reinterventions at 30 days, 3 and 6
months, all-cause mortality at 30 days, 3 and 6
months, cost analysis

Y Hospital readmissions at 30 days in the
prehabilitation group (3 % versus 18 %;
P ¼ 0.009)
/ Emergency room visits between the groups
/ All-cause mortality at 30 days and at 3 and 6
months between the groups

[ Endurance time (aerobic
capacity) at 3-month in
prehabilitation group (P ¼ 0.01)
[ Yale physical activity survey
at 6-month in prehabilitation
group (P < 0.001)

Y Anxiety and depression levels
(HAD score) at 30 days after
surgery in prehabilitation group
(P ¼ 0.008)
[ SF-36 physical component at
6 months in prehabilitation
group
/ SF-36 mental component at
6 months between the groups

Berkel et al.,
2021 [18]

The number of patients
with one or more
complications within
30 days of surgery

Changes in preoperative aerobic fitness (the
VO2 at the VAT) in the prehabilitation group,
LOS, unplanned readmissions within 30 and 90
days after surgery

Y Complication rate in prehabilitation group
(P ¼ 0.024)
/ Hospital readmission rates between the
groups

[ Aerobic fitness in the
prehabilitation group
presurgery (by 10.1 %,
P ¼ 0.006]

e

Bojesen et al.,
2022 [40]

A hospital stay more
than 10 days

Mortality within 30 days, unplanned admission
to intensive care, readmission within 30 days,
complication with a Clavien-Dindo
complication grade �3, within 30 days,
comprehensive complication index

/ Mortality between the groups
/ LOS between the groups
Y Postoperative complications in
prehabilitation group (P ¼ 0.001)
Y Readmission rates in prehabilitation group
(P ¼ 0.04)
[ 30-days alive and out of hospital median in
prehabilitation group (P ¼ 0.001

e e

Carli et al.,
2020 [41]

Comprehensive
complication index

Primary LOS, total LOS, readmissions,
emergency department visits within 30 days
postsurgery, 6MWT distance assessed at
baseline, presurgery, 4 weeks postsurgery, short
form health survey (SF-36), HAD, Community
Healthy Activities Model Program for Seniors
questionnaire

/ Comprehensive complication index (12.7
versus 15.7, P ¼ 0.45)
/ Severe complications (7 (12.7 %) versus 11
(20.0 %), P ¼ 0.23)
/ LOS (4 versus 5), P ¼ 0.32)
/ Emergency department visit (3 (5.5 %) versus
6 (10.9 %), P ¼ 0.21)
/ Hospital readmission (2 (3.6 %) versus 5
(9.1 %), P ¼ 0.18)

/ 6MWT (presurgery 346.1 m
versus 315.8 m, P ¼ 0.37)
/ 6MWT at 4 weeks
postsurgery (336.4 m versus
286.1 m, P ¼ 0.34) metres

/ Self-reported generic health
status (SF-36)
/ Anxiety and depression
scale (HAD)
/ Energy expenditure
(Community Healthy Activities
Model Program for Seniors
questionnaire)

Chen et al.,
2017 [43]

The amount and
intensity of physical
activity performed
using a physical activity
questionnaire

6MWT e [ Moderate and vigorous
physical activities presurgery in
the prehabilitation group
compared to the control group
(5 h versus 1.33 h, P ¼ 0.001)
[ 6MWT baseline to presurgery
in the prehabilitation group
compared to the control group
(þ23.7 m versus �5.4 m,
P ¼ 0.002)

e

Chia et al.,
2016 [44]

LOS A Clavien-Dindo complication grade �3, 30-day
mortality, recovery of functional status as
measured by a modified Barthel Index at 6
weeks postsurgery

Y LOS in prehabilitation group (8.4 versus 11.0
days, P ¼ 0.029).
/ Severe complications (8.3 versus 11,
P ¼ 0.511)
/ Mortality (1.7 versus 3.3, P ¼ 0.579)

/ Functional recovery at 6
weeks postsurgery (98.2 %
versus 93.3 %, P ¼ 0.189)

e

(continued on next page)
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Table 4 (continued )

Study, year Primary endpoint Secondary endpoint Postoperative outcomes Functional outcomes Psychological outcomes

de Klerk et al.,
2021 [46]

Postoperative
complications

Unplanned readmissions, length of hospital
stay, mortality

Y Number of patients with any type of
complication (13.2 % (n ¼ 10) versus 26.5 %
(n ¼ 73), P ¼ 0.015)
Y LOS in prehabilitation group (4 versus 5,
P ¼ 0.004)
Y Unplanned readmissions (5.3 % (n ¼ 4) versus
16.4 % (n ¼ 45), P ¼ 0.014)
/ Prolonged LOS (10.5 % versus 10.9 %,
P ¼ 1.00)
/ Mortality (0 % versus 1.8 %, P ¼ not
significant)

[ 6MWT presurgery in
prehabilitation group (þ36 m
(þ8.3 %)
[ Leg press one repetition
maximum in prehabilitation
group (19 kg (þ17 %))

e

Karlsson et al.,
2019 [45]

Process feasibility
(recruitment rate,
exercise compliance,
and acceptability)

The 17-item postoperative recovery profile,
6MWT, gait speed, functional leg strength,
maximal inspiratory pressure, postoperative
complications (ClavieneDindo), length of stay,
adverse events, scientific feasibility

/ Number of complications in prehabilitation
group versus control group (6 versus 2,
P ¼ 0.06)
/ LOS in prehabilitation group versus control
group (5 versus 6, P ¼ 0.57)

/ Patient reported recovery in
prehabilitation group versus
control group (5.5 versus 2,
P ¼ 0.22)
[Maximal inspiratory pressure
presurgery in prehabilitation
group
Y T and habitual gait speed in
prehabilitation group
postsurgery
/ In any of the physical
performance test in control
group presurgery
Y 6MWT, maximal gait speed,
leg strength in control groups
postsurgery

e

Koh et al.,
2022 [6]

LOS, 30-day morbidity,
30-day mortality

Physical and functional measures, grip strength,
gait speed, 30-s chair rise, functional reach,
6MWT, Quality of life

Y LOS in prehabilitation group (9 versus 11
days, P ¼ 0.01),
/ Clavien-Dindo grade III and more (8.6 %
versus 17.4 %, P ¼ 0.26)
/ 30-day mortality (0 % versus 0 %, P ¼ 1.00)
/ 30-day morbidity (41.3 % versus 47.8 %,
P ¼ 0.60)

[ 30-s chair rise repetition in
prehabilitation group
presurgery versus control
group (�4 to 10, P ¼ 0.06)
/ Grip strength, 6MWT, gait
speed, functional reach
presurgery between the groups

[ EuroQol-5 Dimension Health
Questionnaire at 6 months in
prehabilitation group

Mazzola et al.,
2017 [47]

30-day mortality,
3-months mortality

Overall and severe postoperative complications,
LOS, referral to post-discharge
institutionalization, hospital re-admission

Y 30-day mortality (0 % versus 14 %, P ¼ 0.01)
Y 3-monthmortality (0 % versus 28 %, P¼ 0.001)
Y Overall complications (41 % versus 74 %,
P ¼ 0.005)
Y Severe complications (17 % versus 43 %,
P ¼ 0.02)
Y All complications (17 of 41 versus 26 of 35,
P ¼ 0.005)
Y CDC grade � III (7 of 41 versus 15 of 35,
P ¼ 0.02)
/ LOS (17 versus 27, P ¼ 0.08)
/ Readmission or discharge
institutionalization (7 % versus 16 %, P ¼ 0.41)

e e

Nakajima et al.,
2019 [48]

90-Day mortality Overall morbidity (Clavien-Dindo grade �3),
infectious complication, pneumonia, bile
leakage grade � B, pancreatic fistula grade � B,
liver failure grade� B, delayed gastric emptying
grade � B, median postoperative hospital stay,
6MWT, knee extension strength, grip strength,
10-m usual walking speed

/ 90-day mortality
/ Overall morbidity (42 % versus 50 %,
P ¼ 0.329)
Y LOS in prehabilitation group (23 versus 30
days, P ¼ 0.045)
Y Bile leakage grade � B in prehabilitation
group (8 versus 19, P ¼ 0.020)

[ 6MWT presurgery in
prehabilitation group (from
530 m to 554 m, P ¼ 0.001)
/ Knee extension strength,
grip strength, 10-m usual
walking speed

e
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undergoing elective abdominal surgery found that 70 % of frail
patients recovered to preoperative activities of daily living (bathing,
dressing, feeding, transferring) after 6 months of recovery
comparedwith 92 % of pre-frail patients and 100 % of thosewithout
frailty [56]. Contrary to these findings, a study of patients over 70
years of age who underwent surgery for colorectal cancer found
improvement in quality of life scores 3 months after surgery
without differences between non-frail and frail patients [57].
Nevertheless, across all noncardiac surgical specialties, frailty is
associated with postoperative mortality regardless of disease [58].
Variations in definitions of frailty, study aims or the surgical pop-
ulation can all lead to a difficulty in directly comparing studies.

Quality of life is a notable patient-oriented postoperative
outcome, perhaps even more so for older frail patients. Pre-
habilitation has potential to optimise postoperative functional
recovery [11,53], which is in accordance with our findings in this
vulnerable group of patients. Regarding prehabilitation of older
adults and frail patients, studies and reviews are inconsistent and
lacking. The risks and side effects of individual prehabilitation
regimens [10], as well as their cost-effectiveness [4,6], are also not
thoroughly explored. In a study performed by Carli et al., 110 frail
patients received either four weeks of multimodal prehabilitation
or four weeks of rehabilitation following colorectal surgery [41].
The 30-day CCI, overall and severe complications at 30 days, LOS,
readmission, recovery of walking capacity, and patient-reported
outcome indicators did not differ, suggesting that rehabilitation
may be equally as effective as prehabilitation [10,41]. In similar
high-risk patients (older than 70 years with or without ASA
physical status III or IV; n ¼ 144) awaiting major abdominal sur-
gery, a prehabilitation programme that included high-intensity
endurance training, motivational interview, and promotion of
physical activity showed 51 % reduction in the number of patients
developing postoperative complications (31 % versus 62 %) [17]. In
2018, at a time when the evidence to support prehabilitation was
limited, Milder et al. [59] conducted the first review on the effects
of prehabilitation in frail surgical patients and included only two
studies with multimodal prehabilitation. These studies showed
the potential for prehabilitation to reduce mortality and LOS but
had low-quality evidence [44,47]. An additional meta-analysis
suggested that prehabilitation was effective in improving the
postoperative outcomes in high-risk patients with cancer [60].
Patients (n¼ 674) had amean age of 78 years and were at high-risk
for adverse oncologic surgical events (defined as frail and/or age 70
years and/or with an ASA score � III). Prehabilitation was associ-
ated with a decreased risk of major complications (RR �0.09, 95 %
CI: �0.15 to �0.03, P ¼ 0.005; I2 ¼ 27 %, P ¼ 0.24) and surgical
complications (RR 0.62, 95 % CI: 0.43 to 0.89, P ¼ 0.01; I2 ¼ 33 %,
P¼ 0.22) compared with standard care. In addition, prehabilitation
lowered LOS (mean difference �2.7, 95 % CI: �5.37 to �0.17,
P ¼ 0.04) and enhanced functional recovery as measured by the
distance covered in 6MWT (mean difference 29.06 m, 95 % CI:
26.55 to 31.06, I2 ¼ 42 %, P ¼ 0.001) [60]. In a more recent analysis
of the impact of multimodal prehabilitation in older adults (� 65
years) before major abdominal surgery which included nine RCTs
with a total of 823 patients, the prehabilitation group had signif-
icantly fewer postoperative complications than the control group
(OR 0.67; 95 % CI: 0.46 to 0.99; I2 ¼ 32 %; P ¼ 0.04). Nevertheless,
this meta-analysis has some limitations; the researchers
concluded only an average or median age from characteristic ta-
bles. Consequently, a proportion of participants were younger and
did not meet the criteria for old age. Additionally, in contrast to our
review, the authors did not include frail younger patients. Our
review thus demonstrates the impact of prehabilitation on high-
risk patients of all age categories, including those who were frail
and/or old.



Fig. 2. Forest plots of outcomes for RCTs, cohort studies and combined RCTs and cohort studies. A) Length of stay, B) Severe complications and C) 6-minute walk test.
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Fig. 3. Risk of bias for the RCTs.
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Several studies were excluded from our meta-analysis due to
differences in the classification of severe complications (other than
ClavieneDindo classification � Grade 3). In one study investigating
the impact of preoperative nutrition and exercise intervention on
frail patients with gastric cancer undergoing gastrectomy, the rate
of postoperative complications (ClavieneDindo classification �
Grade 2) was 6.7 % (1/15) in the prehabilitation group and 18.6 % (8/
43) in the control group (P ¼ 0.08) [51]. In another study, the
severity of complications was not specified, however, the pre-
habilitation group showed a lower rate of complications (medical
and surgical) than the control group, 31 % versus 62 % (P ¼ 0.001)
[17]. Accordingly, the estimated RR of 0.5 (95 % CI, 0.3 to 0.8) for
complications demonstrated that prehabilitation intervention
protects against postoperative complications. An additional study
conducted by Souwer et al. on older patients with colorectal cancer
showed that when prehabilitation programmes were imple-
mented, the proportion of patients with serious complications
643
decreased from 32 % in 2010e2011 to 16 % in 2014e2015 (OR 0.4,
95 % CI 0.2 to 0.9, P ¼ 0.03) [49]. In another study of 182 older (> 60
years old), frail patients who underwent curative cancer surgery,
including thoracic, urological, colorectal and hepatobiliary pro-
cedures and underwent home-based prehabilitation, neither the
primary outcome (6MWT), nor the secondary outcomes (LOS,
quality of life, 30-day readmission), showed any significant differ-
ences [61]. A different trial measured the impact of a supervised
preoperative walking intervention using an activity tracker on
postoperative stamina (6MWT), andmobility (steps walked the day
after surgery using a thigh-worn monitor) in older adults with
frailty in mixed surgical population (colorectal, thoracic, urological,
oncology, vascular and transplant) and found no difference in
intervention versus control in the postoperative 6MWT distance
(median 72 vs. 74m, P¼ 0.54) or postoperative steps taken (median
128 vs. 51 steps, P ¼ 0.76) [62]. Although preoperative levels of
physical activity were much higher, the intervention had no impact



Table 5
Risk of bias assessment for cohort studies using Newcastle Ottawa Scale.

Study Risk of bias assessment

Selection Comparability Outcome/
exposure

Overall
score

Bojesen et al., 2022 [40] +++ e ++ 5
Chia et al., 2016 [44] ++ ++ + 5
de Klerk et al., 2021 [46] + e +++ 4
Koh et al., 2022 [6] +++ e ++ 5
Mazzola et al., 2017 [47] +++ + ++ 6
Nakajima et al., 2019 [48] ++ ++ + 5
Pang et al., 2021 [50] ++ e + 4
Souwer et al., 2018 [49] +++ + +++ 7
van der Hulst et al.,

2021 [42]
++++ + +++ 8

Wada et al., 2022 [51] +++ + ++ 6

Risk of bias.
6 or above: low risk.
4 to 5: medium risk.
1 to 3: high risk.
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on postoperative mobility or endurance. However, they did not
record the number of steps taken by the control group prior to
surgery. Another prospective cohort study by Risco et al. focused on
patients who were at high risk for postoperative complications, as
defined by age > 70 years, ASA risk scale 3e4, severe cancer-related
deconditioning, and/or highly aggressive surgeries (major diges-
tive, cardiac, thoracic, gynaecology, or urologic surgery), and whose
preoperative schedule allowed for at least 4 weeks of pre-
habilitation [63]. No difference in outcomes between the pre-
habilitation and control groups (each containing 328 patients) were
observed. The per-protocol analysis, which included only patients
who completed the programme (n ¼ 112, 34 %), revealed a reduc-
tion in the average LOS (9.9 vs. 12.8 days; P ¼ 0.035). Completers
undergoing highly aggressive surgical procedures (n ¼ 60) also
demonstrated a reduction in mean intensive care unit stay (2.3 vs.
3.8 days, P ¼ 0.021) and a 32 % cost reduction per patient
(P ¼ 0.007). A recent RCT on prehabilitation in patients aged � 18
years undergoing elective cardiac surgery revealed that the com-
bination of exercise and inspiratory muscle training was not su-
perior to standard care in terms of improving functional exercise
capacity as measured by the 6MWT distance pre-operatively (mean
difference �7.8 m, 95 % CI�30.6 to 15.0, P ¼ 0.503) [64]. Further-
more, there were no significant differences in postoperative mor-
tality, surgical or pulmonary complications [64]. Subgroup analyses
based on interaction tests revealed that sarcopenic patients in the
prehabilitation group improved more in the six-minute walk test
distance (P ¼ 0.004) [64]. According to the findings of previous
trials and based on our review, prehabilitation should be focused on
frail and high-risk patients and this strategy should be universally
applicable to all types of operations, including but not limited to
major abdominal surgery.

4.4. Adherence to prehabilitation and risk of injury

Patient adherence is vital to the success of a prehabilitation
programme. Difficulties with adhering to a prehabilitation pro-
gramme appears to be even greater for patients with frailty due to
difficulties with regular transportation to exercise sessions,
resulting from their decreased mobility [10]. We monitored
adherence in individual studies for this purpose (Table 2), however,
it was not reported at all in 9 studies [4,6,17,40,43,47,48,50,51].
Consequently, low adherence may diminish the efficacy of pre-
habilitation. In the other included studies, adherence ranged from
68 % [41] to 97 % [45], whereas one study only reported on patients
who were 100 % adherent to the programme [42]. In a qualitative
644
study on adherence to prehabilitation prior to major surgery,
adherence was facilitated by the intervention being perceived as
beneficial [65]. Although some participants faced challenges or
avoided certain recommended exercises, recognising the impor-
tance of physical activity in their treatment prompted them to tailor
the exercises to meet their personal goals [65].

Physical activity is not without risk of injury, particularly for
older and frail patients with lower levels of physical function [66].
Overall, it is anticipated that the risk of injury will be low [10],
which is supported by the small number of adverse events
observed in studies included herein (Table 2). Preoperative patient
education appears to have a positive effect on the postoperative
course [67], furthermore participants reported that knowing what
to anticipate from physically preparing the body increased feelings
of control and, as a result, decreased apprehension regarding sur-
gery [68]. Appropriate education and supervision can further
reduce the risk of injury. However, after providing instructions for
exercise interventions, many participants in a prehabilitation study
for cardiac surgery were hesitant to engage in home-based exercise
without the security of a hospital-based setting [69]. Repeatedly,
those assigned to the prehabilitation group expressed a desire to
continue supervised exercise up until the day of their surgery [69].
Also, patients highlighted the significance of education in
improving quality of life and placed a high value on the time they
spent interacting with staff, raising questions about the relative
effectiveness of the unsupervised home-based component of the
programme [69]. The same may apply to elective abdominal sur-
gery in older frail patients. Findings suggest that strenuous exercise
is inappropriate for frail patients who have not received adequate
guidance or support.

4.5. Strengths and limitations

The validity of a review is determined by the quality of included
original papers. The inclusion of both RCTs and cohort studies is the
main weakness of this meta-analysis. The number of RCTs was
smaller than the number of observational studies. To provide a
more robust interpretation of the data, each analysis was con-
ducted separately utilising evidence from RCT and cohort studies
alone, as well as a summative analysis. The difficulty in interpre-
tation is due to the differences between the various prehabilitation
programmes; therefore, we have attempted to describe their spe-
cifics (Table 3). As postoperative rehabilitation is a typical compo-
nent of postoperative care, several studies lacked information
about interventions in the control group, or the control group
received supervised rehabilitation or physical activity recommen-
dations (Table 3). This may have reduced the magnitude of the
differences between the intervention and control groups in our
meta-analysis. It may also appear that a combination of pre-
habilitation and rehabilitation may be the most effective method,
but further research is needed. Patients with malignancies or
receiving adjuvant chemotherapy were also represented differ-
ently, which may contribute to higher heterogeneity. Also, some
abdominal surgical procedures are associated with much longer
hospital stays than others. However, the results are more inter-
pretable because of the emphasis on different areas of major
abdominal surgery and cancer or non-cancer surgery. Therefore,
the impact of these variations on LOS may be more pronounced in
smaller studies. Despite this, this meta-analysis has evaluated
prehabilitation interventions comprehensively, concentrating
solely on their preoperative use in abdominal surgery. Results are
generalisable to at-risk patients who are frail and at high-risk.
Given the choice of exercise intervention (i.e., setting, frequency,
intensity, duration), nutritional support, and type of psychological
intervention, a degree of methodological heterogeneity is to be
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anticipated; this was accounted for by conducting a random-effects
analysis. Finding low to moderate I2 values (which is a measure of
the quantity of heterogeneity) even when all of this variation is
accounted for validates the significance of our findings.

4.6. Further perspectives

Several ongoing studies should provide additional insight into
the effects of prehabilitation on patients at risk of developing
postoperative complications. Many combine nutritional and exer-
cise interventions in pre-frail or frail older adults [70]. It will be
intriguing to observe the results of a prospective, randomised study
focused solely on patients with frailty (with 1400 planned partici-
pants) undergoing elective surgery, with the primary outcome
being the level of dependency 12 months after the operation [68].
This could also be accompanied by a justification for the overall
cost-effectiveness of the process. Prehabilitation does not appear to
increase the cost of overall care [4,10]. In a study conducted on frail
patients by Barberan-Garcia et al., however, the prehabilitation
programme did not demonstrate statistically significant cost re-
ductions at 30 days (V812; CI 95 %: �878 to 2642, P ¼ 0.365) [4].
Fig. 4. Selected outcomes of frailty and the benefits of multimodal prehabilitation interventi
is the optimal approach. The improved outcomes in the figure correspond to those identifi
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Similarly, there were no statistically significant differences in costs
between study groups when stratified by surgical aggression level
or surgical risk. Additional researchwill be required to elucidate the
financial costs in frail patients. Also qualitative findings (including
psychological benefits and those pertaining to recovery, change in
anxiety level, motivation to improve quality of life, greater happi-
ness during preparation period, with reduced frequency of periods
of depression) revealed potential non-physical benefits of pre-
habilitation that are difficult to capture with conventional outcome
measures [69].

In view of the benefits of prehabilitation, we recognise the
critical need for standardised protocols across its key components:
exercise, nutritional optimisation, and psychological preparation
(Fig. 4). While we have presented a number of interventional ap-
proaches, the current lack of universally accepted standards un-
derscores a significant opportunity for advancement in patient care.

To bridge this gap, we advocate for combined, international
efforts toward the establishment of comprehensive pre-
habilitation standards. Future research endeavours should be
directed at developing a consensus on prehabilitation protocols,
informed by multidisciplinary expertise and targeted to the
ons. While not every study in the meta-analysis employed a multimodal intervention, it
ed in our study. LOS ¼ length of hospital stay.



P. Sko�repa, K.L. Ford, A. Alsuwaylihi et al. Clinical Nutrition 43 (2024) 629e648
unique requirements of each patient. The implementation of
standardised guidelines could contribute to greater consistency in
multimodal prehabilitation programmes and may extend their
reach, offering the possibility of improved patient outcomes after
surgical interventions.

5. Conclusion

This systematic review and meta-analysis of the effect of pre-
habilitation in frail and high-risk patients undergoing major
abdominal surgery found a 1-day reduction in LOS and a decrease
in severe complications. Results demonstrate that it is possible to
increase the likelihood of successful treatment and, consequently,
the indispensable role of prehabilitation in the ageing population.
Prehabilitation was also found to be feasible, safe, and posed a
minimal risk of complications. This is the only comprehensive re-
view to date that has focused on this high-risk population, and it
demonstrates arguments for enhancing perioperative care and
incorporating prehabilitation into daily clinical practice.
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