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Abstract
Background Physical exercise prehabilitation has been proposed to improve postoperative outcomes in patients undergoing major
abdominal surgery. The aim of this systematic review was to investigate the effect of preoperative exercise training compared with
standard care on postoperative outcomes in major abdominal surgery.
Methods Randomized controlled trials (RCT) comparing prehabilitation with standard care were identified by a systematic literature
search of MEDLINE and CENTRAL. Qualitative and quantitative analyses of perioperative outcome data were conducted. Meta-
analyses were performed wherever possible and meaningful.
Results A total of eight trials including 442 patients met the inclusion criteria. These trials investigated the effect of prehabilitation in
patient cohorts undergoing major liver, colorectal, gastroesophageal, and general abdominal surgery. Quantitative analyses of all
included trials showed a significant reduction in postoperative pulmonary complications (OR 0.37; 0.20 to 0.67; p = 0.001) as well
as in postoperative overall morbidity (OR 0.52; 0.30 to 0.88; p = 0.01) in the prehabilitation group compared with standard care. The
length of hospital stay showed no significant differences between the groups (MD − 0.58; − 1.28 to 0.13; p = 0.11). Risk of bias and
methodological quality varied substantially among the trials, most of which were small single-center studies.
Conclusion Prehabilitation including a physical exercise intervention may lead to a reduction of postoperative pulmonary
complications as well as less overall morbidity compared with standard care in patients undergoing major abdominal surgery.
Further, well-designed RCT are needed to evaluate these potential positive effects in more detail and to identify suitable target
populations.
Protocol Registration PROSPERO 2017 CRD42017080366
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Introduction

Morbidity after major abdominal surgery is substantial.
More than 20% of patients suffer from postoperative
complications that require invasive treatment and sub-
stantially increase the risk of further morbidity and
mortality.1 Apart from surgical morbidity, nonsurgical
complications represent a significant proportion of post-
operative complications. Cardiopulmonary adverse events
account for up to 50% of postoperative complications in
upper abdominal operations.2–4 Pulmonary complications
lead to significantly increased morbidity, mortality, and
length of hospital stay (LOS), especially after major up-
per abdominal surgery.5 Multiple perioperative interven-
tions have been proposed in the past to reduce the risk of
postoperative complications, including “enhanced recov-
ery after surgery” protocols, which can lead to a reduc-
tion in postoperative complications and shorter LOS.6

However, the focus of these interventions is largely on
in-hospital care in the immediate postoperative period.

Other approaches have been suggested to improve periop-
erative outcomes in surgical patients. One promising concept
is “prehabilitation,” i.e., the reduction of postoperative com-
plications by improving the preoperative physical fitness of
patients bymeans of preoperative exercise training programs.7

Prehabilitation represents a shift not only away from the post-
operative to the preoperative period, but also away from a
passive model of care “towards a proactive approach that en-
ables patients to become active participants in their care” by
improving their physical health before surgery.8

A beneficial effect of prehabilitation has been proposed for
several surgical specialties, including pulmonary9 and ortho-
pedic surgery.10 In abdominal surgery, the evidence for preop-
erative prehabilitation is sparse, although a few randomized
controlled trials (RCT) have investigated the effect of preop-
erative exercise in patients undergoing abdominal
surgery.11–13 While some RCT have shown promising results,
with the reduction of postoperative complications14 and im-
provement of pulmonary function,12,15 others have reported
conflicting outcomes.16 Previous systematic reviews have
attempted to summarize these results17–20; however, the lack
of standardized inclusion criteria, quantitative analyses, or a
clear focus on abdominal surgery in these reports hampers
interpretation of the results. In addition, some of these reviews
included interventions that differ from aerobic exercise train-
ing, such as inspiratory muscle training (IMT) or nutritional
approaches, thus leading to bias in further analyses.17 Finally,
new studies have been published in the meantime.

Thus, the aim of our systematic review and meta-
analysis is to assess the findings of RCT with regard
to the effect of exercise-based prehabilitation in major
abdominal surgery, focusing on important parameters of
postoperative outcome.

Methods

This systematic review was performed according to the rec-
ommendations of the “Preferred Reporting Items for
Systematic Reviews and Meta-Analyses” (PRISMA).21 The
study was registered in the “International Prospective Register
o f Sys temat ic Reviews” (PROSPERO) in 2017
(CRD42017080366), and the detailed prespecified protocol
is available upon request.

Literature Search

In accordance with recently published recommendations for
surgical systematic reviews of RCT,22 we conducted a system-
atic literature search of MEDLINE (via PubMed) and the
Cochrane Central Register of Controlled Trials (CENTRAL)
from the respective database initiation until 30 October 2017.
To construct the search, the patient–intervention–comparison–
outcome (PICO) scheme was used, combining patient (ab-
dominal surgery), intervention (prehabilitation), control (stan-
dard care), and outcome (postoperative outcome measures)
characteristics. To improve accuracy, the MEDLINE search
was combined with the “Cochrane Highly Sensitive Search
Strategy for identifying RCT in MEDLINE,” sensitivity-
maximizing version, PubMed format (2008 revision). The ex-
emplary search strategy for MEDLINE (via PubMed) is pro-
vided in supplement 1. For CENTRAL, the search strategy
was adapted to the specific vocabulary of the database.
Additionally, retrieved articles were hand searched for rele-
vant studies. There were no restrictions regarding language
or publication date.

Eligibility Criteria and Study Selection

All RCT that included patients undergoing abdominal surgery
for different indications and compared the outcomes after a
preoperative physical training programwith that after standard
care without a physical training program were eligible for
inclusion in this systematic review. Studies comparing differ-
ent types of physical training and lacking a control group
without preoperative physical training were excluded. The
study selection process was performed by two reviewers
(PH and ALM) who independently inspected the title and
abstract of all articles retrieved by the systematic literature
search and the full texts of all articles assessed for eligibility.
In the event of a disagreement about inclusion or exclusion of
a study, a third reviewer (MKD) was consulted and a decision
was made after discussion of the article.

Data Extraction and Outcomes

The extraction of the data from the included trials was carried
out independently by two authors (PH and ALM) using
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prespecified forms. The data extracted included publica-
tion and study data, title of publication, authors, year of
publication, journal, language, funding sources, trial du-
ration, number of treatment groups, total number of pa-
tients, evaluable patients, withdrawals, and patients lost
to follow-up. The clinical and outcome data that were
extracted included the patient’s baseline characteristics
such as age, gender, body mass index, tumor entity, neo-
adjuvant therapy, smoking history, and pulmonary base-
line function together with perioperative data such as
functional pulmonary parameters after prehabilitation,
postoperative overall complications, pulmonary compli-
cations, overall mortality, quality of life, and length of
hospital stay (LOS).

Risk of Bias Assessment

As this systematic review included only RCT, the risk of
bias for each study was evaluated using the Cochrane
tool for risk of bias.23 The tool includes the following
six domains, each rated as high, unclear, or low risk of
bias: random sequence generation, allocation conceal-
ment, blinding of participants and personnel, blinding
of outcome assessors, incomplete outcome data, and se-
lective reporting. Furthermore, a funnel plot was created
to evaluate publication bias for each outcome.

Statistical Analyses

A qualitative analysis was performed for all studies fulfilling
the inclusion criteria. Studies not offering perioperative out-
come data were not suitable for meta-analyses and were there-
fore excluded from further quantitative analyses. For all trials
that included postoperative outcome parameters, quantitative
analyses and meta-analyses were additionally performed. For
continuous outcomes, the mean differences (MD) and 95%
confidence intervals (CI) were measured by the inverse-
variance method. For dichotomous outcomes, the odds ratios
(OR) and 95% CI were calculated using a Mantel–Haenszel
model. Where data were reported by median and range, the
method described by Hozo et al.24 was used to provide mean
and standard deviation. Statistical analyses were conducted
using Review Manager (version 5.3; Copenhagen: The
Nordic Cochrane Centre, The Cochrane Collaboration,
2014). As the level of significance, an alpha of 0.05 was de-
termined. A random effects model was used as there was
clinical heterogeneity among the included trials.
Heterogeneity was evaluated using the I2 statistic. The results
were classified as follows: below 25%, low heterogeneity;
between 25% and 75%, possibly moderate heterogeneity;
over 75%, considerable heterogeneity.

Results

Study Selection

A total number of 5548 articles were identified after the initial
search of MEDLINE and CENTRAL, of which 5527 were
excluded as they were nonrandomized studies, not relevant,
or duplicates (see Fig. 1 for PRISMA flow chart). Thus, the
full texts of 21 articles were retrieved and assessed for eligi-
bility. An additional three articles were found by hand-
searching the reference lists of retrieved articles. After the
assessment, eight of these 24 articles met the inclusion criteria
and were included in the qualitative analysis of this systematic
review, and data extraction was performed.12,14,25–30 Further
assessment showed that one of the included trials30 offered no
perioperative outcome data, so it was excluded from addition-
al analyses and meta-analyses. The remaining seven trials
were included in the quantitative analyses and meta-analyses.

Study Characteristics

Two of the eight trials evaluated prehabilitation in patients
undergoing liver resection, three trials in patients undergoing
colorectal surgery (one of which investigated the effect in
elder patients with an age > 60 years), one study included
patients with esophageal resection for esophageal cancer,
and two trials evaluated prehabilitation in a patient cohort
undergoing various kinds of major abdominal surgery (see
Table 1 for study characteristics).

The eight included studies evaluated a total number of 442
pa t ien ts , of whom 226 underwent preopera t ive
prehabilitation. The various training protocols all included
aerobic training sessions. The duration of prehabilitation in
the intervention group ranged from 7 days to 6 weeks before
surgery, and the number of sessions per week from one to five.
The prehabilitation sessions included aerobic training in vari-
ous modes (ergometer or walking) in all studies, together with
a variety of additional types of training such as IMT, resistance
training, coughing training, or stretching (Table 1).

The remaining 216 of 442 patients served as controls with-
out a preoperative training program. In five trials,12,14,26,29,30

the control group underwent standard care only; in two
studies,13,28 the control group received the same additional
advice (dietary measures, coping strategies) as the interven-
tion group but without preoperative training; and in one trial,25

the control group was advised to do training at home, but in
contrast to the intervention group there was no standardization
or further assistance.

The baseline parameters of the included patients were com-
parable and showed no significant differences between the
intervention and control groups in any individual trial. The
overall mean age of the patients was 64.9 years in the
prehabilitation group and 65.6 years in the control group. A
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meta-analysis of baseline individual patient data (IPD) was
impossible, as no IPD were reported in any trial.

Liver Surgery

Two of the included trials26,28 investigated the effect of a
prehabilitation program on patients being treated by liver re-
section. Kaibori et al. included 51 patients undergoing liver
resection due to hepatocellular carcinoma and performed a
training program of three 60-min sessions per week over at
least a month preoperatively and for another 6 months post-
operatively. This was an exploratory trial without a predefined
primary endpoint. The prehabilitation program led to signifi-
cant decreases in whole body mass, fat mass, and fasting se-
rum insulin as well as an increase in the anaerobic threshold
and improvement in insulin resistance. Furthermore, the au-
thors reported a postoperative morbidity rate of 8.7% and a
mean length of hospital stay (LOS) of 13.7 days in the
prehabilitation group compared with 13.0% and 17.5 days,
respectively, in the control group (p = 0.67 for morbidity and
p = 0.12 for LOS). No definition of or classification for post-
operative complications was applied.

The second trial, by Dunne et al., included 38 patients, of
whom 20 underwent a preoperative training program of 12
interval-exercise sessions on a cycle ergometer over 4 weeks.
The indications for liver surgery were colorectal liver metas-
tases in all patients. The primary outcome of the study, the

preoperative oxygen uptake at the anaerobic threshold after
completion of the prehabilitation program, was found to sig-
nificantly improved in the intervention group. Furthermore,
the oxygen pulse and the quality of life as evaluated by the
SF-36 score were both higher after the training period. Of the
38 patients included, 34 (19 in the prehabilitation group, 15 in
the control group) were available for intention-to-treat analy-
sis of the clinical outcomes. The authors reported a 42.1%
overall postoperative complication rate, defined as any com-
plication according to the Clavien–Dindo classification,31 in
the prehabilitation group compared with 46.7% in the control
group (not statistically significant). Similarly, pulmonary
complications were 10.5% in the prehabilitation group vs.
20.0% in the control group (not statistically significant). The
mean LOSwas 5.0 days in the intervention group and 5.4 days
after standard care.

Colorectal Surgery

Three trials included patients undergoing colorectal resections
and compared a prehabilitation intervention with a control
group.13,25,30 The study by Gillis et al. included a total of 77
patients. The indication for surgery in this trial was
nonmetastatic colorectal cancer. Sixty-three percent of pa-
tients had colonic resections, while the remaining 37% rectal
resections. The 38 patients in the experimental group complet-
ed a program of at least three individually balanced 50-min
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exercise sessions per week over a period of 4 weeks and were
compared with 39 patients who had no exercise intervention
and served as the control group. The primary outcome of this
study was the functional walking capacity as measured by the
6-min walk test (6MWT) at 8 weeks after surgery. The mean
walking distance increased by 23.4 m in the patients with
prehabilitation, whereas in the control group the 6MWT was
21.8 m lower than before surgery. This difference between the
two groups was statistically significant (p = 0.02). The study
also analyzed perioperative outcomes but found no significant
differences. The authors reported a 31.8% overall complica-
tion rate according to the Dindo–Clavien classification, a
2.6% rate of pulmonary complications, and a mean LOS of
4.0 days in the prehabilitation group, compared with 43.6%,
2.6%, and 4.0 days, respectively, in the control group (p =
0.28 for overall complications, p = n.a. for pulmonary compli-
cations, and p = 0.45 for LOS).

Dronkers et al. performed an exploratory trial without a
prespecified primary endpoint to investigate the effect of pre-
operative training in patients undergoing elective colon resec-
tion for various benign and malignant indications. The inter-
vention group consisted of 22 patients who underwent two 60-
min training sessions per week for 2 to 4 weeks preoperative-
ly. This group was compared with a control group consisting
of 20 patients who were only advised to do unspecified phys-
ical exercise. Respiratory muscle endurance increased signif-
icantly in the intervention group. However, no difference was
found for the timed-up-and-go test or quality of life question-
naires. The authors evaluated clinical outcomes including
overall postoperative complications (not clearly defined:
prehabilitation 40.1% vs. control 40.0%; p = 0.65), pulmonary
complications (prehabilitation 22.7% vs. control 25.0%; p =
0.93), and mean LOS (prehabilitation 16.2 days vs. control
21.6 days; p = 0.31).

Kim et al. performed an exploratory trial in patients under-
going colorectal surgery and included 21 patients, of whom 14
underwent a preoperative training program over 4 weeks, in-
cluding aerobic exercise on an ergometer, supervised by phys-
ical therapists. The intervention group showed a significant
increase of 26% in peak power output on exercise, while the
control group showed no change (p < 0.05). This trial did not
report any further clinical outcomes of the included patients,
so it was excluded from further quantitative analyses due to
the lack of clinical data.

Gastroesophageal Surgery

Only one of the studies identified evaluated preoperative train-
ing in patients with esophageal cancer.29 It included 63 pa-
tients who underwent esophagectomy with gastric tube recon-
struction for esophageal cancer. Of these, three patients were
excluded from the final analysis because of withdrawal of
consent (one patient) and major complications (bilateral

recurrent nerve palsy and esophagopulmonary fistula; one pa-
tient in each group). Hence, 30 patients in each group were
analyzed. The intervention group received prehabilitation for
more than 7 days consisting of five 60-min sessions per week
of multimodal training therapy including respiratory muscle
training, breathing and coughing training, muscle strengthen-
ing, and ergometer training. The primary outcome of this
study was the rate of postoperative pulmonary complications,
defined by the Dindo–Clavien classification. Postoperative
pulmonary complications were found to be significantly lower
in the prehabilitation group (26.7% grade II–IV complications
vs. 60.0% in the control group; p = 0.014). Furthermore, on
multivariate analysis, the absence of preoperative training was
identified as an independent risk factor for postoperative pul-
monary complications. Non-pulmonary complications were
not reported in this study.

Major Abdominal Surgery

The remaining two studies evaluated the effect of
prehabilitation in major abdominal surgery for various
indications.12,14 Major abdominal surgery was defined as op-
erations including at least one gastrointestinal anastomosis or
involving parenchymal resection of the pancreas or liver. The
study by Soares et al. included 32 patients receiving gastric,
esophageal, or biliary surgery. Sixteen patients in the interven-
tional group underwent prehabilitation over a period of 2 to
3 weeks with two 50-min sessions per week, while 16 patients
served as controls and were given standard care only. The
prehabilitation group showed better pulmonary and physical
function parameters after the surgical intervention than the
control group (respiratory muscle endurance 7 days after sur-
gery, 22 cmH2O vs. 13 cmH2O, p = 0.01; 6MWT distance
7 days after surgery, 368.5 m vs. 223.0 m, p = 0.025).
Furthermore, the preoperative exercise intervention led to a
significant reduction in pulmonary complications
(prehabilitation 31.3%, control 68.8%; p = 0.034). The medi-
an LOS was the same (8.5 days) in each group, but interquar-
tile ranges showed a tendency towards shorter LOS in the
prehabilitation group.

The second study, by Barberan-Garcia et al., included a
total of 125 patients who underwent elective major abdominal
surgery for various indications. Sixty-three patients had pre-
operative training over a period of 6 weeks comprising one to
three 50-min sessions per week, while 62 were randomized to
standard care without prehabilitation. The study was a confir-
matory trial with a predefined primary outcome and sample
size calculation. The primary outcome was the overall post-
operative complication rate according to the classification of
the European Society of Anaesthesiology and the European
Society of Intensive Care Medicine. Prehabilitation signifi-
cantly reduced postoperative complications (prehabilitation
31.0%, control 62.0%; p = 0.001). Pulmonary complications
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did not differ significantly between the groups but were lower
in the prehabilitation group (prehabilitation 6.5%, control
15.9%; p = 0.155). Furthermore, mean LOS was shorter in
the exercise group than in the control group, albeit without
reaching statistical significance (prehabilitation 8 days vs.
control 13 days; p = 0.078).

Risk of Bias Assessment

The risk of bias among the studies was assessed using the
Cochrane tool for risk of bias,23 as only RCT were included
in this systematic review. The process of random sequence
generation and allocation concealment was adequately de-
scribed and performed in five of the seven included studies
(Fig. 2). The other two trials lacked information, resulting in
an unclear risk of bias. Due to the nature of an exercise inter-
vention, it was not possible to blind the patients included in
the studies. One of the studies blinded the surgery and anes-
thesia personnel during the operation,14 while two studies
mentioned a lack of blinding of performance personnel.12,25

The other four studies offered no information on blinding. The
outcome assessors were blinded in three of the trials,13,14,25

while one trial used unblinded outcome assessment,12

resulting in a high risk of bias. However, it is still unclear
how a lack of blinding affects outcomes in surgical trials.32

The risk of incomplete outcome data was low in four of the
included trials.13,14,25,26 Two of the studies exhibited a high
risk of selective reporting.28,29 Overall, four of the included
trials showed low to minimal risk of bias,13,14,25,26 whereas
three studies exhibited a moderate to high overall risk of
bias.12,28,29 Funnel plots of the analyzed outcomes showed
no asymmetry, resulting in a low risk of publication bias
across all included studies.

Overall Postoperative Morbidity

Five of the included trials provided data on overall postoper-
ative complication rates, and two of them used the predefined
Clavien–Dindo classification.13,26 Only one of the trials re-
ported the period in which postoperative morbidity was
assessed, namely 30-day morbidity.13 The mean complication
rates across all studies were 30.1% in the prehabilitation group
and 45.4% in the control group. A meta-analysis (Fig. 3)
showed a significant reduction in overall postoperative com-
plications in the prehabilitation group compared with the con-
trols (OR 0.52; 95% CI 0.30 to 0.88; p = 0.01; I2 = 15%).

Pulmonary Complications

Of the seven included trials, six reported data on postoperative
pulmonary complications. There were clear definitions of pul-
monary complications in most studies. The only study to cat-
egorize this subgroup of complications was the one by
Yamana et al. using the Clavien–Dindo classification.29 The
overall pulmonary complication rates were 13.4% in the
prehabilitation group and 26.2% in the control group. The
meta-analysis of postoperative pulmonary complications
(Fig. 4) showed a significantly lower complication rate after
prehabilitation than in the control group (OR 0.37; 95% CI
0.20 to 0.67; p = 0.001; I2 = 0%).

Length of Hospital Stay

The LOSwas reported in six of the seven included studies and
ranged from a mean of 4 days in both groups in the study by
Gillis et al. to a mean of 21.6 days in the control group of the
study by Dronkers et al. The mean LOS across all studies was
8.7 days in the prehabilitation group and 11.8 days in the
control group. A meta-analysis of the LOS (Fig. 5) showed
no significant differences between the two groups (MD −
0.58; 95% CI − 1.28 to 0.13; p = 0.11; I2 = 56%).Fig. 2 Risk of bias analysis
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Discussion

Prehabilitation including exercise training prior to major ab-
dominal surgery seems a promising preoperative intervention
to positively influence the postoperative course of the patients.
Recent studies have shown that the incidence of postoperative
pulmonary complications is substantial after major abdominal
surgery.15,33 Preoperative physical exercise is known to exert
a positive influence on pulmonary function parameters,34,35

and consequently exercise and training methods to improve
pulmonary or aerobic endurance have been the focus of
prehabilitation programs.12 Our systematic review and meta-
analysis not only confirmed the high rate of pulmonary com-
plications reported previously15,33 but confirmed a significant
reduction in postoperative pulmonary complications that was
not evident in some of the individual trials.

Similarly, with regard to overall postoperative complica-
tions, most individual trials failed to show a significant
reduction13,25,26,28 after prehabilitation. A meta-analysis,
however, revealed a significant improvement in postoperative
morbidity for prehabilitation (Fig. 3). Interestingly, RCT in-
cluding patients undergoing more complication-prone surger-
ies such as esophageal resections showed greater reductions in
overall complications than the RCT including patients under-
going colorectal or liver resections. Therefore, aerobic exer-
cise prehabilitation may be effective in abdominal surgery in
general, but even more so in particular subgroups. However,
the number of patients was too low for further subgroup anal-
yses. Therefore, further studies are needed to identify the pa-
tients that benefit most from prehabilitation.

Given the positive effect on pulmonary complications and
overall morbidity, it was surprising that, according to our me-
ta-analyses, the mean LOS after surgery was not significantly
influenced by prehabilitation. This may be explained by the
multiple factors, including nonmedical aspects, that influence
the LOS. LOS has come under scrutiny as a quality
indicator,36 and new, more valid and reliable measures such
as time to readiness for discharge have been developed for use
in clinical trials.37

Unfortunately, all other postoperative outcomes, such as
rate of reoperation, rate of postoperative ileus, mortality, and
quality of life, were reported so sparsely that quantitative syn-
thesis was not possible. Thus, more evidence is needed to
elucidate these aspects. Another important factor in modern
multimodal cancer therapy, namely the presence of neoadju-
vant chemotherapy, was reported too inaccurately, if at all,
among the included studies to permit further evaluation of
the effect of prehabilitation under these circumstances.
Delaying surgery in cancer patients in order to perform
prehabilitation is controversial, as it may have detrimental
effects on oncologic outcome and tumor progression.38

Therefore, given the increasing number of indications for neo-
adjuvant therapy, prehabilitation warrants further investiga-
tion in this setting, as the period of neoadjuvant treatment
would offer a unique opportunity for preoperative physical
improvement.

Our study has several limitations. First, all of the studies
lacked blinding of participants and very few of them blinded
the outcome assessors. While the first is notoriously difficult
to achieve in exercise interventions, the latter is a concern, as it

Fig. 4 Forest plot of meta-analysis of pulmonary complications

Fig. 3 Forest plot of meta-analysis of overall postoperative complications
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may well have biased outcome assessment. Second, although
the standardization of the physical intervention was well de-
fined within each trial, the variability between studies was
immense. For example, the trial by Barberan-Garcia et al.14

offered a very low exercise intensity with a range of only one
to three sessions per week and the distribution of training
sessions between the patients was not reported, while the
study by Yamana et al.29 employed more intensive training
with five sessions per week lasting 60 min each. Third, all
studies adapted physical interventions to the patient-specific
baseline level, i.e., they put patients on a personalized exercise
program. Although this is a clinical routine, the intensity of
physical exercise varied considerably within the intervention
groups. Similarly, given the nonblinded study design, it can-
not be excluded that patients in the control group performed
considerable physical exercise of their own accord. Future
studies will need to accurately document physical activity in
both groups, e.g., with the help of pedometers or activity
trackers, which have become widely available in recent years.
Another important factor in exercise training studies is patient
adherence to the intervention. Three of the included
trials12,14,28 included no data on training adherence. In other
studies, the rate of completed exercise sessions was remark-
ably high, confirming the feasibility of prehabilitation in ab-
dominal surgery. Finally, the quantitative analysis and its re-
sults are based on a heterogeneous patient cohort including
various indications and surgical interventions. Subgroup anal-
yses would be desirable but unfortunately could not be per-
formed due to a lack of data and studies for single indications.
In any case, the results regarding the postoperative overall and
pulmonary complications seem to be consistent over the in-
cluded RCT, so it may be that the number of patients in the
individual studies was too low for a relevant effect.
Furthermore, as mentioned before, the subgroups that may
benefit most from prehabilitation still have to be defined.

One of the strengths of our study is the application of clear
inclusion and exclusion criteria and the focus on RCT.
Furthermore, we defined a standardized physical training as
an inclusion criterion in the intervention group and absence of
physical training as an inclusion criterion in the control group
to clearly assess the efficacy of physical exercise. Therefore,
then RCT had to be excluded after the screening process as
they either performed no physical exercise intervention in the

experimental group,16,34,39–43 or they compared different
types of training in the two groups.11,44,45 The fact that this
systematic review shows significant reductions not only in
postoperative pulmonary complications but also in the overall
morbidity in well-defined intervention and control groups
substantiates the hypothesis that physical exercise
prehabilitation may have a beneficial effect in patients under-
going major abdominal surgery.

This systematic review and meta-analysis provide the latest
evidence on perioperative optimization via physical exercise
in abdominal surgery. There have been previous systematic
reviews on this topic, but with a markedly different focus.
Bruns et al.18 analyzed the effect of physical prehabilitation
in patients older than 60 years undergoing colorectal surgery
and found no differences between their groups. Hijazi et al.46

investigated prehabilitation before abdominal surgery in a de-
scriptive systematic review, but also included observational
studies and did not perform quantitative analyses of the data.
Most recently, Bolshinsky et al.47 and Luther et al.19 both
reviewed different kinds of prehabilitation programs, but also
included nutritional supplementation and smoking cessation.
Again, neither study performed quantitative analyses. Finally,
Moran et al. analyzed a very heterogeneous pool of studies,
including trials with only IMT prehabilitation and no physical
exercise at all in the intervention group as well as RCT com-
paring different types of physical exercise interventions in the
intervention and control groups. They concluded that
prehabilitation can decrease overall and pulmonary postoper-
ative complications.17

Our analyses show that prehabilitation schemes are hetero-
geneous and trials exhibit meaningful risks of bias as well as
lack of detailed patient outcome data. Future trials should
target these flaws by offering detailed perioperative data on
well-designed physical exercise intervention groups com-
pared with standard care control groups.

Another important factor in evaluating postoperative mor-
bidity is the use of well-defined and standardized definitions
and a system to classify the severity of morbidity. Only the
trials by Gillis and Dunne13,26 used the internationally accept-
ed Clavien–Dindo classification system for assessment of the
overall postoperative morbidity. Furthermore, for the sub-
group of pulmonary morbidity, only Yamana et al.29 applied
a clear definition of pulmonary complications. This is

Fig. 5 Forest plot of meta-analysis of the length of hospital stay
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important, as different outcome definitions may lead to
marked differences in complication rates. Thus, standardiza-
tion of outcome parameters should be one of the main consid-
erations in future studies.

Conclusion

Prehabilitation including a physical exercise intervention can
lead to a reduction of postoperative pulmonary complications
as well as overall morbidity compared with standard care in
patients undergoing major abdominal surgery. The heteroge-
neity of physical exercise interventions is quite high, and the
reporting quality of recently published trials is low. Therefore,
further well-designed RCT including a standardized
prehabilitation strategy and offering detailed perioperative
outcome data, especially in high-risk patient collectives un-
dergoing major abdominal surgery, are needed for further
evaluation of the positive effects of physical exercise
prehabilitation.
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