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Abstract
Objective: To assess the feasibility of a prehabilitation program and its effects on physical performance and outcomes after major abdominal surgery.
Methods: In this prospective pilot study, patients underwent prehabilitation involving three
training sessions per week for 3 weeks preoperatively. The feasibility of delivering the intervention was assessed based on recruitment and adherence to the program. Its impacts on fitness
(oxygen uptake (VO2)) and physical performance (Timed Up and Go Test, 6-Minute Walk Test)
were evaluated.
Results: From May 2017 to January 2020, 980 patients were identified and 44 (4.5%) were
invited to participate. The main obstacles to patient recruitment were insufficient time
(<3 weeks) prior to scheduled surgery (n ¼ 276, 28%) and screening failure (n ¼ 312, 32%).
Of the 44 patients, 24 (55%) declined to participate, and 20 (23%) were included. Of these,
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six (30%) were not adherent to the program. Among the remaining 14 patients, VO2 at ventilatory threshold significantly increased from 9.7 to 10.9 mL/min/kg. No significant difference in
physical performance was observed before and after prehabilitation.
Conclusion: Although prehabilitation seemed to have positive effects on exercise capacity,
logistic and patient-related difficulties were encountered. The program is not feasible in its
current form for all-comers.
Keywords
Prehabilitation, major abdominal surgery, physical activity, outcome, recruitment, adherence, pilot
study
Date received: 4 August 2021; accepted: 28 October 2021

Introduction
Physical fitness is an important predictor of
postoperative recovery and outcomes after
abdominal surgery.1,2 Preoperative physical
exercise training, termed prehabilitation,
complements the traditional models of
recovery by initiating the recovery process
preoperatively.3,4 Improvement of physical
fitness by means of prehabilitation can
speed up recovery after surgery.5–7 Results
of a systematic review suggested that prehabilitation can effectively reduce postoperative complication rates and shorten the
hospital stay.8 Other studies showed that
in patients undergoing major abdominal
surgery, preoperative exercise therapy was
associated with improved physical fitness,
resulting in fewer complications and faster
convalescence.9,10
Several non-randomized studies have
suggested that 6 weeks of supervised exercise programs can improve physical capacity.11–13 However, a 6-week delay before
surgery is not always feasible, especially in
patients with malignant disease.14 Given the
short time window available for prehabilitation, any strategies that are applied
should be as efficient as possible to achieve
worthwhile changes within this preoperative timeframe.15,16

In preparation for a future randomized
clinical trial (RCT), the present study was
performed to assess the feasibility of a
3-week supervised preoperative prehabilitation program and its effects on physical performance and clinical outcomes after major
abdominal surgery.

Patients and methods
Study design and participants
This prospective pilot study was performed
in preparation for an RCT on prehabilitation before major abdominal surgery at the
Department of Visceral Surgery, University
Hospital CHUV, Lausanne, Switzerland, a
tertiary academic hospital. The study lasted
from May 2017 to January 2020. Major
abdominal surgery was defined as any
esophageal, gastric, hepatic, pancreatic,
intestinal, or colorectal surgery for benign
or malignant disease, either open or laparoscopic and lasting more than 2 hours. The
exclusion criteria were metabolic surgery,
organ transplantation, coronary artery disease (stage III according to the Canadian
Cardiovascular Society),17 heart failure
(stage III according to the New York
Heart Association),18 uncontrolled cardiac
arrhythmias,
chronic
obstructive
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pulmonary disease (stage III according to
the Global Initiative for Chronic Obstructive
Lung Disease),19 any other surgery within
6 weeks prior to enrollment, and a delay of
<3 weeks between consultation and surgery.
Patients were enrolled at the preadmission
consultation by the operating surgeons,
and all benefited from the Enhanced
Recovery After Surgery program.20–22

Outcomes
The primary outcome of the study was the
feasibility of delivering a prehabilitation
program based on recruitment and adherence. Recruitment was determined by the
number of eligible participants included,
and exercise adherence was defined as the
percentage of patients who completed the
prehabilitation (at least eight exercise sessions of the nine proposed). This pilot
trial would be deemed feasible if 70% of
eligible participants were successfully
recruited and 80% of the recruited participants completed the prehabilitation, as
previously described.23
The secondary outcomes were the impact
of prehabilitation on 30-day postoperative
morbidity using the Comprehensive
Complication Index (CCI)24 and the
impact of prehabilitation on the overall
rate of complications according to the
Clavien classification.25 The CCI summarizes all postoperative complications and is
computed on the basis of tabulated complications according to the Clavien classification. Other outcomes included length of
stay (LOS), exercise capacity (maximum
oxygen uptake (VO2 max)), four measures
of physical activity performance (cardiopulmonary exercise testing (CPET), Timed Up
and Go Test (TUGT), 6-Minute Walk Test
(6-MWT), handgrip strength test (dynamometer)), and quality of life (European
Organization for Research and Treatment
of Cancer Quality of Life Questionnaire
(EORTC QLQ-C30)).26 Patients performed
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the four measures of physical performance
and the QLQ-C30 before and after prehabilitation. CPET was performed on an electromagnetically braked cycle ergometer
using an incremental protocol until volitional
termination,
as
previously
described.27 Ventilation, gas exchange,
pulse rate, 12-lead electrocardiography,
noninvasive blood pressure, and pulse
oximetry were monitored throughout the
test. Derived variables included VO2 at ventilatory threshold (VO2 AT, V-slope
method) and at peak. The TUGT and
6-MWT were performed as previously
described.28 For handgrip dynamometry,
participants stood in an upright position
with their hands positioned by their sides,
holding the dynamometer in the dominant
hand, and squeezed for 3 seconds before
relaxing (three repetitions).15 The EORTC
QLQ-C30 is an internationally validated
cancer-specific questionnaire.29 The scores
range from 0 to 100 after linear transformation of the raw scores. A high score for a
functional scale represents a high level of
functioning (healthier), whereas a high
score for a symptom scale represents a high
level of symptoms/problems.30 The study
case report form is available as supplementary material.

Prehabilitation program
The prehabilitation program involved three
training sessions per week for 3 weeks preoperatively (nine sessions). Exercises were
based on high-intensity interval training
(HIIT) and carried out on a braked cycle
ergometer.16 Each session consisted of a
5-minute warm-up (at 50% of peak CPET
power reached (Wpeak)) followed by two
10-minute series of 15-s high-intensity intervals at 100% Wpeak interspersed by a 15-s
active recovery period (30%) and a
4-minute rest period between the two
series. The session ended with a cool-down
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period (5-minute active recovery period at
30% Wpeak).
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Results
Feasibility

Pilot study
An upfront pilot study including 20 patients
(prehabilitation only) was requested by the
institutional review board to assess feasibility of recruitment and adherence to the
intervention.

Statistical analysis
Continuous variables are presented as
mean  standard deviation or median (interquartile range) and were compared with the
Mann–Whitney U test or Student’s t test
according to their distribution (Shapiro–
Wilk test). Categorial variables are presented
as frequency (percentage) and were compared with Pearson’s chi-square test or
Fisher’s exact test as appropriate. Linear
relationships between VO2 peak, CCI, and
LOS were quantified by Pearson correlation.
A p-value of 0.05 was considered statistically significant, and all tests were two-sided.
Analysis was performed using IBM SPSS
Statistics for Windows, Version 25.0 (IBM
Corp., Armonk, NY, USA). Missing data
were omitted based on the available case
analysis (pairwise).

Ethics
The study protocol n 469/15 was approved
by the Institutional Review Board
(Commission cantonale d’ethique de la
recherche sur l’être humain, CER-VD,
Lausanne, Switzerland) on 29 March 2016
(approval number: 2016-00896). All
patients provided written informed consent,
and their details were de-identified. The
study was carried out in line with the
STROBE statement31 and registered at
https://clinicaltrials.gov/ (NCT02953119).

During the study period, 980 patients were
identified, of whom 586 met the inclusion
criteria. Forty-four (4.5%) patients were
invited to participate. The other patients
were not invited, mainly because of insufficient time (<3 weeks) available prior to
scheduled surgery (n ¼ 276, 28%) or screening failure (n ¼ 312, 32%) (Figure 1). Of the
44 approached patients, 24 (55%) declined
to participate and 20 (45%) were finally
included.
Among
those
included,
14 (70%) remained adherent to the prehabilitation program. Reasons for nonadherence were a contraindication for
exercise training evidenced during CPET
(n ¼ 3), discontinuation of the program
by the patient because of lack of motivation (n ¼ 2), and modification of the
planned operating date (n ¼ 1). Of the
three patients for whom the program was
interrupted for medical reasons, one developed vagal discomfort with dizziness and
nausea, and the other two presented
electrocardiographic
changes
without
symptoms during CPET. Subsequent
investigations with a cardiac magnetic resonance imaging stress test were unremarkable, and no sequelae were noted.

Clinical outcomes
Patient demographics and surgical details
are displayed in Table 1. Six (43%) of the
14 patients developed complications (nine
complications occurred among these
6 patients). Most complications were
minor (Clavien grade I–IIIa, n ¼ 7, 78%),
although
major
complications
also
occurred (Clavien grade IIIb, n ¼ 2, 22%).
The mean CCI of patients with complications was 13.7  18.5, and one patient had
to be readmitted. The median LOS was 4
days (interquartile range, 3–5 days).
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Figure 1. Study flowchart.
ECG, electrocardiographic.

Physical functioning
The mean prehabilitation time was 28  6
days, and the second CPET was performed
5  2 days before surgery. The mean VO2
AT increased from 9.7 to 10.9 mL/minute/
kg after prehabilitation (p ¼ 0.009), and the
mean VO2 max increased from 18.6 to 21.0
mL/minute/kg (p ¼ 0.006). Twelve (86%) of
the 14 patients exhibited improvement in
their VO2 AT. There was no significant difference in handgrip dynamometry before
and after prehabilitation (31.7 vs. 33.0 kg).
The results of the TUGT and 6-MWT
before and after prehabilitation are shown
in Figure 2; no significant differences were
found. No correlations were observed
between the change in VO2 max after prehabilitation and the postoperative CCI
(r ¼ 0.133) and LOS (r ¼ 0.94).

Quality of life
Changes in quality of life after prehabilitation are displayed in Figure 3. Physical

functioning was the only element that significantly improved (82.5 vs. 93.4,
p ¼ 0.040).

Discussion
This pilot study emphasized the practical
difficulties in implementing a prehabilitation program for all-comers before major
abdominal surgery. The program is not feasible in its current form. The organization
failed, even in a department with broad
experience in perioperative medicine.
A too-short time window (<3 weeks) prior
to surgery and a lack of commitment from
surgical staff and patients were major barriers to implementation. The consecutively
planned randomized study was therefore
not performed.
Only 5% of potentially eligible patients
were actually approached during the
recruitment phase, and among these, 45%
were recruited for inclusion. These rates are
low. Another feasibility study of a
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Table 1. Patient demographics and surgical details.
Overall (n ¼ 14)
Age, years
64  13.9
Body mass index, kg/m2
28.4  5.9
Sex, male:female
8:6
Alcohol consumption
7 (50)
(>1 unit/day)
Active smoking
5 (36)
(daily or occasionally)
Cardiovascular disease
1 (7)
Chronic pulmonary disease
0 (0)
Diabetes
4 (29)
ASA score
(I–II)
11 (79)
(III–IV)
3 (21)
Reason for referral
Gastrointestinal bleeding
3 (21)
Cancer screening
4 (29)
Metastases on extension workup3 (21)
Other
4 (29)
Surgical procedure
Colorectal
9 (64)
Liver
3 (21)
Other
2 (15)
Malignancy
7 (50)
Laparoscopic approach
9 (64)
Data are presented as mean  standard deviation, n, or
n (%).
ASA, American Society of Anesthesiologists.

prehabilitation program in patients undergoing elective colorectal surgery showed a
similarly low recruitment rate (18%), and
58% of the initially eligible patients were
approached.15 One reason for low recruitment in the present study was an insufficient window of available time prior to
scheduled surgery (28% of patients).
However, Northgraves et al.15 reported a
slightly higher rate of up to 40%. In the
United Kingdom, the National Health
Service currently recommends that treatment in patients with cancer should be initiated within 31 days of the decision to
treat, providing only a short window of
opportunity to implement prehabilitation.32
A systematic review showed that the

duration of preoperative exercise programs
ranged from 21 to 74 days.33 Thus, any
strategies applied should be efficient
enough to achieve physical capacity
changes within this relatively short preoperative timeframe. The HIIT-based models
chosen in this study apply particularly well
to these criteria.11,14–16
Other barriers to recruitment in the present study were screening failure and lack of
allocated staff, even before meeting the
patient. The availability of a dedicated
research nurse may have improved the
recruitment rate, as suggested by others.15
Still, once approached, 55% of patients
refused to participate because of lack of
time and interest and, to a lesser extent,
unwillingness to travel. Another study
showed that like in the present study,
common reasons for non-participation in
such training included insufficient free
time, being unable to travel, and having
other personal commitments, especially in
the professionally active patient population.15 These findings highlight the fact
that not only organizational and logistical
aspects but also broad information, motivations, and beliefs of both caregivers and
patients must be taken into consideration.
The cost aspect is probably also important
because reimbursement for this novel
approach with limited evidence is not warranted in all countries. However, a systematic review showed that no studies
addressed the economic implications or
cost-effectiveness of prehabilitation programs, which could be either a critical barrier to implementation in routine clinical
practice or an argument in favor of
prehabilitation.34
Once included, 70% of patients in the
present study remained adherent to the prehabilitation program. The main reasons for
non-adherence were physiological problems
during CPET and discontinuation of the
program by the patient because of lack of
motivation,
which
represented
an
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Figure 2. Changes in functional test results after prehabilitation. (a) Timed Up and Go Test.
Before prehabilitation: median, 6.6 s (interquartile range, 5.6–7.1 s). After prehabilitation: median,
6.6 s (interquartile range, 6.0–7.1 s). (b) Six-Minute Walk Test. Before prehabilitation: median, 516 m
(interquartile range, 498–576 m). After prehabilitation: median, 550 m (interquartile range, 482–581 m).

important proportion of patients. Results
regarding adherence to prehabilitation programs are conflicting, possibly because of
differences in the number of staff members
involved and their commitment. In an RCT
of prehabilitation before liver resection,
95% of patients completed all exercise sessions.14 In contrast, another RCT of prehabilitation in patients undergoing colorectal
surgery showed poor adherence to the
intense exercise program (16%), which
probably contributed to its lack of overall
efficacy.35 Possible causes of this low

adherence include lack of social support
from family and friends and the patient’s
low belief in the benefits of fitness. A feasibility study of prehabilitation in patients
undergoing colorectal surgery showed moderate adherence; only 50% of patients completed all training sessions, although missed
sessions were known in advance and mainly
resulted from unavoidable personal
events.15
Research has also indicated that supervision of exercise and an interval-based
nature of the training program may
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Figure 3. Changes in quality of life (European Organization for Research and Treatment of Cancer Quality
of Life Questionnaire (EORTC QLQ-C30)) after prehabilitation. The scores range from 0 to 100 after linear
transformation of the raw scores. A high score for a functional scale represents a high level of functioning
(healthier), whereas a high score for a symptom scale represents a high level of symptoms/problems.

improve adherence, with interval training
being more enjoyable than constant load
programs.14,36 Variation in exercise supervision may also influence compliance levels.37
Importantly, three patients in the present
study were excluded because of adverse
events during CPET, but without shortterm repercussions. It is crucial to report
such adverse events because the risk/benefit
balance must be in favor of the patient in
future prehabilitation programs. However,
no previous study reported adverse outcomes during exercise intervention, which
seems surprising in view of some intense
exercise programs offered to all-comers,
including patients with cardiac comorbidities. Further monitoring of compliance
and adverse effects of prehabilitation is
required in future prospective research on
prehabilitation.
Several limitations of the present feasibility study need to be addressed. First,
non-randomized convenience and consecutive sampling may represent a potential
source of sampling bias and may limit generalization to the wider population because
more health-conscious individuals may
choose to participate in studies assessing
exercise capacity. No control group was
used, and the changes observed in the

study could therefore be related to other
factors. In view of the small sample size,
noncompliant patients were not compared
with patients who performed prehabilitation in terms of demographics and clinical
outcomes. Missing data (<10%) and the
lack of adjustment for multiple comparisons may have induce bias in the estimation of parameters, thus limiting the
representativeness of the samples. The
inclusion of qualitative aspects focusing
on patient and care provider perspectives
on the approach and delivery of the prehabilitation program would have been
beneficial and should be planned in
future research. Specific feasibility issues
faced by the participants due to HIITtype exercise sessions during prehabilitation for major abdominal surgery would
be of great interest for planning of such
studies to improve recruitment and adherence. In addition, the number of dedicated
staff to inform, motivate, and supervise the
patients are factors to be assessed. Finally,
this pilot study must be considered a
requisite initial step in exploring a prehabilitation program. The delivery of meaningful data is thus limited, and the results
should be interpreted with caution.
However, the findings of this study can
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inform feasibility and identify modifications needed in the design of a larger,
ensuing hypothesis-testing study.

2.

Conclusion
The implementation of a prehabilitation
program before major abdominal surgery
is not as easy as it seems in theory.
Although data on prehabilitation suggest
positive effects on physical fitness, major
barriers to implementation of such a program may include insufficient time prior to
surgery as well as lack of availability and
commitment from surgical staff and
patients. Thus, the prehabilitation program
described in this report is not feasible in its
current form. Sufficient resources are needed
to successfully implement and maintain a
prehabilitation program for all-comers.
Future efforts should focus on identification
of those patients who are likely to be eligible
and benefit the most and the creation of a
dedicated prehabilitation team.
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