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Background: The enhancement of post-operative care is under constant evolution and, with the addition
of enhanced recovery programs, is changing the traditional in-hospital paradigm. Despite these ad-
vances, there is a clear lack of focus regarding early post-surgical mobilization, which has been identified
as an important aspect of recovery. This pilot study investigates the feasibility of initiating resistance
exercise to promote early mobilization in colorectal cancer patients during the in-hospital period.
Method: Patients participated in a supervised progressive resistance exercise program, adapted to their
physical ability (either in bed, seated or standing), within the first 24 h following surgery. They were seen
each day during the hospital stay and encouraged to continue exercising upon discharge. All patients
were asked to return to the lab at four weeks after surgery for re-evaluation to establish recovery.
Results: Patient compliance to the in-hospital program was high, with 90% of patients engaging in ex-
ercise on the first post-operative day (POD 1) and no adverse effects reported during study. By POD 2,
over 70% of patients met enhanced recovery after surgery (ERAS) recommendations.
Conclusion: It is feasible to initiate a progressive post-operative resistance exercise program in patients
undergoing colorectal resection. The results suggest the positive aspects of incorporating resistance
exercise into post-operative care. This may facilitate a clear and easy to implement exercise intervention
that can take into consideration patient physical status and limited facility space in the hospital
environment.

© 2019 Elsevier Ltd, BASO ~ The Association for Cancer Surgery, and the European Society of Surgical

Oncology. All rights reserved.
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Introduction

Despite the implementation of enhanced recovery programs for
surgery, there remains a sharp decrease in patient functional ca-
pacity that is further accelerated during the in-hospital period. This
time frame is associated with pain, sedentarism, fatigue and poor
nutritional intake that results from the surgery, subsequent stress
response and bed rest [1,2]. These factors can prolong hospitaliza-
tion, further exacerbate functional impairment and deconditioning,
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thereby hindering the recovery process [2]. In addition to physical
deconditioning, many colorectal cancer patients have pre-existing
age-related comorbidities, such as low cardiovascular fitness, sar-
copenia and insulin resistance/diabetes, which can further delay
recovery and negatively impact their physical function, indepen-
dence and return to activities of daily living [3,4].

Current guidelines for surgical patients, as outlined in enhanced
recovery after surgery protocols (ERAS), aim to mitigate the stress
of surgery and facilitate recovery [5]. A key component in this
pathway is early mobilization in the immediate post-operative
period. Despite the recognition of its importance as a feature of
ERAS, the definition of mobilization is vague and inconsistent in its
interpretation and implementation. Although there is a general
agreement in the literature that prolonged inactivity in the
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perioperative period is detrimental to the surgical patient, there is a
lack of data that provides clear evidence for early mobilization
protocols and no detailed guidelines as to what is recommended
and a lack of activity programing [6,7]. Recently, it has been shown
that facilitated mobilization (assisted walking) has no benefit over
regular implementation of the ERAS mobilization guidelines [8].
These results suggest that simple walking within the confines of the
hospital environment may not be enough of a stimulus to provoke a
favorable response in these patients, therefore we propose a new
alternative to post-operative physical activity intervention.

With little investigation on the effects of immediate post-
operative exercise, it is not yet known whether resistance exer-
cise is a feasible method of providing structured physical activity
for colorectal cancer patients in the immediate post-operative
period. Introducing progressive and personalized resistance exer-
cise is a novel way to reduce post-operative deconditioning, espe-
cially in those prone to extended periods of bed rest [9]. Resistance
training has been shown to provide a multitude of health benefits
that include the preservation of lean muscle mass, metabolic
regulation, functional improvements, quality of life, as well as
improving cardiovascular, bone and mental health [10]. Addition-
ally, similar metabolic equivalents (METs) can be achieved when
comparing resistance to aerobic training, with the benefit that
resistance training can be easily adapted to a supine or sitting po-
sition. The purpose of this study was to investigate the feasibility of
incorporating in-hospital resistance exercise in colorectal resection
patients to promote early mobilization, using a stratified approach
that takes into consideration post-operative functional status.
Given that many patients may be uncomfortable or unable to walk
in hospital hallways due to traffic, limitations due to medical de-
vices or lack of space, the goal of this intervention was to provide
clinicians with an alternate means of encouraging their patients to
perform in-hospital physical activity.

Methods
Subjects

This study was approved by the Research Ethics Board of the
McGill University Health Centre, Montreal, Quebec, Canada (NCT
02586701) and was submitted as an addendum to follow a previous
study that investigated the effects of a prehabilitation program [11].
Forty patients scheduled for curative colorectal resection were
recruited from the pre-operative clinic at the Montreal General
Hospital for participation in this study. Enrollment began in June
2015 and was completed in October 2016. Those with known me-
tastases, contraindications to exercise and the inability to
communicate in either English or French were excluded from
participation in this study.

After providing informed consent, patients underwent a

baseline evaluation, which consisted of a medical examination and
anthropometric measurements, which took place approximately 4
weeks prior to surgery (just after initial meeting with surgical
oncologist). Baseline functional capacity was assessed by distance
walked in 6 min (by the 6 min walk test or 6MWT). In the pre-
surgical period, all subjects met with an exercise specialist (in our
case, kinesiologist) in order to be taught the resistance training
program, to personalize exercises if necessary and to review what
the post-surgical process will be. They were also provided with an
information booklet that contained pictures of all exercises, as well
as a log on which to record all exercises completed in order to
determine adherence.

Immediate post-operative period

Within the first 24 h post-surgery, patients were seen by a ki-
nesiologist in order to assess the patient's capacity to engage in the
resistance exercises, based on a set of modality criteria pre-
established by the research team (Table 1). Once cleared of any
barriers to exercise by the attending physician, subjects were
stratified according to their functional ability and encouraged to
take part in either an in-bed, seated or standing resistance routine.
All patients were recommended to get out of bed if they showed no
adverse symptoms and were pre-mobilized by the nurse as per
ERAS protocol [12].

The resistance exercise program (Table 2) consisted of a whole
body workout targeting all major muscle groups of the body con-
ducted at a light to moderate intensity as determined by the Borg
Scale (11—13 on a scale of 20). Resistance was introduced either by
commercially available resistance bands (Therabands®, Akron, OH,
USA) or body weight, depending on patient preference or exercise
type. The exercise routine was supervised once a day by the team
kinesiologist who encouraged the patients to perform at least one
set of 10—12 repetitions of each exercise and monitored for pro-
gression of intensity (ie: if the exercise becomes too easy) and/or
modality stratification (from in bed to sitting to standing). If the
patient was found to be easily completing 12 repetitions, the ki-
nesiologist would either adjust the resistance band length/colour
or add an additional set of repetitions to promote progression.
Abdominal crunches were not prescribed in the immediate post-
operative period, in order not to perturb the surgical incision
sites. Quality of recovery was assessed via the MILES questionnaire,
which is based on the QoR 15 Patient Survey [13], and reflects
quality of recovery.

In addition to the resistance training intervention, all patients
received standard ERAS care, which specifies dangling their legs on
the day of surgery, ambulating between four and 6 h per day after
surgery and eating all meals in their chair during their hospital stay.
A description of the ERAS protocol has been published elsewhere
[12,14].

Table 1
Exercise modality stratification criteria.
IN BED SEATED STANDING/MOBILE
e Unmoved by nurse/nurses suggestion o Slightly low BP (relative to patient normal) e Stable BP (relative to patient normal)
e Low BP e Mild dizziness e Free from dizziness
e Dizziness e Occasional nausea e Mild occasional nausea
e Constant Nausea/Vomiting e Able to move from bed unassisted e Able to move from bed unassisted
e Unable to get from lying down to sitting unassisted e Fatigued e Mild fatigue
e Fatigued e Feeling of weakness e Minimal pain
o Feeling of weakness e Unstable balance
o Constant moderate/severe pain e Mild pain
e Shortness of breath
e Cognitive impairments
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Table 2
List of in-hospital exercises.
IN BED SEATED STANDING/MOBILE
e Chest e Chest e Wall push-ups
e Bicep Flexion e Shoulder abductions e Chest
e Triceps Extension e Bicep flexion e Shoulder abduction
o Leg Flexion/Extension o Triceps extensions e Biceps flexion
e Leg extension (towel) e Hip flexions o Triceps flexion
o Ankle Plantar Flexion/Extension (Theraband) e Knee extensions e Knee flexion
o Alternating leg abduction/adduction e Seated Row o Hip flexion
o Calf raises
e Seated row

Post-operative period

Upon discharge, patients were instructed to continue their in-
hospital resistance training program (progressing intensity as
required), as well as the instruction to accumulate a minimum of
30 min of activity per day. At the 4 week post-surgical assessment,
subject functional capacity was re-assessed with the 6MWT to
establish recovery.

Measurements

Primary outcomes: compliance to in-hospital resistance training
In-hospital compliance was assessed through adherence to the
resistance exercise program over the three post-operative visits. If
the participant performed the resistance training session, regard-
less of standing, sitting or in bed, it was considered full compliance.

Secondary outcomes: ERAS guidelines for early mobilization and
quality of recovery

Secondary outcomes included the ability to meet the ERAS early
mobilization, which was established by comparing the average
time spent out of bed over the length of hospitalization as
compared to the recommended amount of time suggested for
surgical patients in the ERAS.

Protocol (4—6h of ambulation per day) [14]. Subjects were
asked how much time they spent outside of bed and how many
hours they spent ambulating using the MILES questionnaire.
Quality of recovery as also assessed by the MILES questionnaire as
well as the results of the 6MWT at 4 weeks post-surgery, as
compared to values at baseline. In-hospital and 30 day complica-
tions were also recorded.

Results
Subjects

Forty patients had initially provided consent to participate in
this study. Patient characteristics and baseline measurements are
reported in Table 3. From time of surgical clinic to actual surgery
time, 10 patients withdrew from the study (4 patients voluntarily
withdrew from the study, 1 moved out of the country, 3 did not end
up having surgery, 1 did not have cancer, 1 did not respond to follow
up phone calls), therefore 30 were represented in the in-hospital
data. One further subject was lost to follow up at 4 weeks post-
surgery so the data from 29 subjects was included at this time
point. Mean length of hospital stay was 3.24 days.

Primary outcomes: compliance to in-hospital resistance training

On the first day after surgery (Post-operative day 1 or POD1),
90% of patients were able to and participated in a resistance

exercise program. Seventeen subjects (56.7%) percent partook in a
standing routine, 10% in a seated routine and 23.3% were able to
perform in-bed exercise while 10% of patients refused to partici-
pate. No patients had been discharged at this point (Table 4). On
POD 2, 85.1% (23/n =27: 3 discharged) of patients complied with
the exercise recommendations (3 patients refused to participate
and one was not seen by the kinesiologist due to discharge time. By

Table 3
Patient Demographics at baseline (n = 30).
N=30

Age, years 63.4 (12.7)
Patients with age > 75 years 6 (20%)
Gender, male 20 (66.7%)
BMI, kg/m? 26.3 (5.9)
Lean body mass, kg 47.2 (9.9)
ASA Status

1 4(13.3%)

2 21 (70%)

3+ 5(16.7%)
Comorbidities,

Diabetes 6 (20%)

Hypertension 8 (26.7%)

COPD 1(3.3%)

Dyslipidemia 2(6.7%)
Tumor stage

0 3 (10%)

Tlor2 18 (60%)

3or4 9 (30%)
Baseline 6-min walking distance, m 487.15 (89.4)
Patients with baseline 6 min walking distance <400 m 5(16.7%)
Length of Hospital Stay, days 43 (6.1)
Laparoscopic Surgery 29 (96.7%)
Duration of Surgery, minutes 168.1 (74.9)
Albumin, g/L 41.1 (4.2)
HbA1C, % 5.7 (0.5)
C-reactive protein, mg/L 8.5(21.1)
Alcohol consumption 18 (60%)
Smoker 1(3.3%)
Neoadjuvant therapy 7 (23.3%)
Rectal Tumor 8 (26.7%)
New stoma 2 (6.7%)

Data are presented as mean (SD) or n (%). BMI = Body Mass Index; ASA = American
Society of Anesthesiologist; COPD = Chronic Obstructive Pulmonary Disorder.

Table 4
Proportion of patients performing the resistance training program by exercise mo-
dality, over the length of hospital stay.

Standing Seated In-bed Refused Notseen Discharged
POD1 (n=30) 17(56.7) 3(10) 7(233) 3(10) 0(0) 0(0)
POD2 (n=27) 20(74.1) 3(11.1) 0(0) 3(11.1) 1(3.7) 3(10)
POD3 (n=12) 8(66.7) 3(25) 0(0) 3(25) 1(83) 15 (56)

Data are presented as frequency (%). POD = post-operative day. Discharge per-
centages are calculated from discharge in relation to previous day. The remainder of
percentages are based on number of subjects in hospital on each day.
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POD 3, 73.3% (11/n = 15; 15 discharged) of patients participated in
exercise, 3 patients refused and one was not seen by the kinesiol-
ogist due to early discharge time. The reasons for refusal were a
combination of fatigue, nausea/vomiting, dizziness and pain. In
terms of stratification, by POD?2, all patients were able to, at least, sit
up in bed to perform their exercise routine (Table 4). No adverse
events due to the exercise program were reported.

Secondary outcomes: ERAS guidelines for early mobilization and
quality of recovery

On POD 1, 19.4% of patients were able to meet the ERAS guide-
lines of 6 h of ambulation per day, followed by 71.4% on POD 2 and
73.3% on POD 3 (Table 5).

The average quality of recovery score obtained by the MILES
questionnaire on POD1 was 14.2 out of a possible score of 18, with a
score approaching 18 indicating a higher quality of recovery. By
POD2, the average score was 16.4/18 and on POD 3, the MILES score
was 16.2/18 (Table 5).

Distance walked in 6 min (6MWT) at 4 weeks post-surgery was
not statistically different from baseline (baseline: 484.0 + SD 90 m
versus 4 weeks post-surgery: 484.7 + SD 87.1 m).

5 patients out of 7 who were discharged after 5 days reported
in-hospital complications that were not related to the resistance
training (Table 6). Thirty day complications that were not related to
resistance training were reported in 2 patients who had been dis-
charged in 2 days or less, 1 patient who had been discharged in the
3—4 day time frame and in 4 patients who had been discharged
after 5 days. This date is also presented in Table 6. Surgical com-
plications included bleeding, mechanical bowel obstruction and
ileus. Infectious complications included a urinary tract infection.
Other complications included urinary retention. No respiratory,
cardiovascular or orthopaedic complications were reported.

Discussion

Based on the compliance to in-hospital resistance exercise and
absence of adverse events, initiating supervised post-operative
resistance exercise in the immediate 24 h following colorectal
cancer surgery is feasible and safe. There were no reported

incidence of falls or complications directly related to the resistance
exercise. The results from this study demonstrate that patients are
capable and willing to participate in light to moderate intensity
resistance exercise after colorectal resection surgery, taking into
consideration that the program be adaptable to their specific post-
operative status and be stratified to reflect their own individual
needs. They report high recovery from surgery scores and return to
baseline functional capacity by 4 weeks post-operation. Our data
also suggests that early discharge (2 days or less) is associated with
early standing to perform resistance exercise (Table 6), which is in
line with previous studies [15].

Despite being recognized as a crucial component of enhanced
recovery programs, early mobilization remains the most vague and
least detailed element of the protocols. There is a clear lack on
specific guidelines or framework that can assist busy clinicians in
the endeavor of mobilizing their post-surgical patients [6,7]. At
present time, most ERAS-based guidelines recommend the
following: 1) patients should dangle their legs on the day of sur-
gery, 2) patients should eat all of their meals in a chair and 3) pa-
tients should ambulate at least 4—6h each day while they are
awake until discharge but this latter point can vary from ambu-
lating as much as possible from POD1 to 8 h of ambulation per day
from POD2 [16]. Despite the recognition of the importance of get-
ting the patients out of bed and becoming active as soon as possible,
there is little information provided that can either guide a program
or result in functional capacity improvements that are detectable
by commonly used metrics to evaluate program success (ie:
walking tests, strength tests). In this study, we aimed to provide
clear guidelines both in regards to the program delivery criteria (ie:
standing, seated or lying in bed) and the exercises themselves
(including frequency, intensity and type) with the intention of
providing a structured framework for post-surgical physical activ-
ity. This builds upon a previous study which used elements of in-
hospital resistance training as an approach to mobilization [15].
We, however, propose that the program for each patient is indi-
vidualized and stratified according to their functional status on
each POD.

We chose to focus on resistance exercise for this feasibility study
as it is an effective means of preserving muscle mass, increasing
muscle power, maintaining activities of daily living, enhancing

Table 5
Self-reported time spent out of bed over length of hospital stay and corresponding MILES scoring.
POD1 POD2 POD3
Average time spent out of bed, hrs 2.28 (2.86) 6.27 (4.04) 7.63 (5.84)
Number of patients meeting ERAS mobilization guidelines 6/30 (19.4%) 20/27 (71.4%) 11/15 (73.3%)
Patient MILES scoring (/18) 14.2 (2.78) 16.4 (1.98) 16.2 (2.08)

Data are presented as mean (SD), frequency (%) or a score out of 18 for the MILES (a score of 18 denotes excellent recovery, 16 = very good recovery and a score that is less than
15 represents poor quality). POD = post-operative day; ERAS = enhanced recovery after surgery.

Table 6
Patient characteristics by length of hospital stay.

<2 days (n=13)

3—4 days (n=10) >5days (n=7)

Average baseline 6MWD, m 499.2 (92.6)
Average 4-week postop 6MWD, m** 508.8 (92.3)
Mean change 6MWD, m 9.6 (40.8)

Exercise modality on POD1

Standing 12 (92.3%)
Seated 0

In-bed 1(7.7%)
Refusal 0
In-hospital complications 0

30-day complications 2 (14.3%)

4559 (87.1) 500.4 (89.4)
473.9 (80.3) 469.8 (85.3)
18 (46.2) ~18.9 (83.7)
4 (40%) 1(14.3%)

3 (30%) 0

2 (20%) 4(57.1%)
1(10%) 2 (28.6%)

0 5 (71.4%)
1(10%) 4(57.1%)

Data are presented as mean (SD) or frequency (%). POD = post-operative day; 6MWD = 6-min walking distance. **data from 29 subjects. 1 subject lost to follow up.
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energy expenditure and body composition, and promoting partic-
ipation in spontaneous physical activity [17]. Resistance training
has also been shown to be a safe and important strategy for miti-
gating hospital-associated decline, even in frail, elderly patients
[18]. In addition to its beneficial effects on muscle, resistance
training does not require the same amount of space as is required
for performing endurance-based exercise. This is important given
that patients may not feel comfortable or able to maneuver in a
space-limited hospital environment. Also, as in our study, mobility
limitations, either due to physical status or medical devices, can be
compensated for without compromising the opportunity to
perform exercise. The intensity of the resistance training stimulus
can be maintained by adapting the exercise to suit the abilities of
the patient. For example, if a patient cannot stand or leave their
room, the target intensity of arm and leg resistance exercises can
still be maintained. This is well demonstrated in Table 4 where a
total of 10 patients could not stand to perform exercises on POD1, 3
could not stand on POD2 and 3 could not stand on POD3. If mobility
consisted of walking exercises, these patients might have been
excluded and remained sedentary instead.

Recently, a study that investigated the effects of a staff facilitated
mobilization program (transfers and walking in hospital hallways)
versus usual care in an enhanced recovery program reported that,
despite a greater adherence from POD 0 and step count from POD 1,
there was no between group difference in recovery walking ca-
pacity at 4 weeks post-surgery [8]. It was concluded that, although
there was an increase in out-of-bed activities during hospital stay, a
staff-directed facilitation of early mobility in an enhanced recovery
program does not warrant the additional resources due to the lack
of improvement on recovery outcomes. It could be argued, how-
ever, that the intensity of exercise performed by the patients during
periods of ambulation was not sufficient to elicit physical im-
provements that could be detected by the evaluation methods
employed in this study. It must be emphasized that, in order to
achieve a training response, the exercise stimulus must be suffi-
cient to challenge, or overload, the system [19]. Given that the in-
tensity of work was not reported in this study, it is possible that
step counts alone was not a sufficient stimulus to achieve the tar-
geted outcomes.

By prescribing resistance training in the immediate post-
surgical time frame, we propose a means of encouraging physical
activity in patients in order to achieve the early mobilization goals
of enhanced recovery programs and mitigate the deterioration of
functional capacity that is associated with prolonged bed rest in the
in-hospital period. Resistance training can be easily and safely
performed, taking into consideration the patient's physical status
on each post-operative day.

Limitations to the study

Firstly, it must be emphasized that this work was a feasibility
study in order to establish adherence to a stratified resistance
training based intervention in the immediate post-operative time
frame. Given the high patient compliance and lack of adverse
events associated with the program, we will now conduct a ran-
domized control trial with sufficient power to compare patients
receiving an in-hospital resistance training program with a control
group receiving standard ERAS care.

Secondly, this study represents a single centre experience and,
thus, might not reflect the needs and situation in a broader context.
This also requires addressing in future large scale studies.

Lastly, it is well understood that not all hospitals have the
obvious resources to provide a trained multidisciplinary team that
is able to effectively stratify, prescribe, monitor and progress a
resistance training program. It is important that further work be

conducted in order to understand the barriers to increasing patient
mobility using a multidisciplinary perspective in order to translate
evidence into practice and improve patient outcomes [20].

Conclusions

In summary, the implementation of an individualized and
stratified resistance training program is feasible, safe and provides
clinicians with an alternate means of encouraging in-hospital
resistance training with the goal of mitigating post-surgical func-
tional decline associated with prolonged bed rest. This type of
approach, in conjunction with an effective enhanced recovery
program will lead to a paradigm shift in best preparing and
recovering the patient from surgery, as well as promoting patient
involvement and quality of life.
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List of exercises performed in each stage. Exercises were
encouraged to be 10 to 12 repetitions, with the option of per-
forming multiple sets, either at the same time or multiple sessions
spaced throughout the day. Compliance and progression of the
program was recorded.
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