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Patients with poor baseline
walking capacity are most likely to
improve their functional status
with multimodal prehabilitation

Enrico M. Minnella, MD,a,c Rashami Awasthi, BSc,a Chelsia Gillis, RD, MSc,a Julio F. Fiore, Jr, PhD,b

A. Sender Liberman, MD,b Patrick Charlebois, MD,b Barry Stein, MD,b

Guillaume Bousquet-Dion, MD,a Liane S. Feldman, MD,b and Francesco Carli, MD, MPhil,a Montreal,
Quebec, Canada, and Milan, Italy

Background. Evidence suggests that multimodal prehabilitation programs comprising interventions
directed at physical activity, nutrition, and anxiety coping can improve functional recovery after
colorectal cancer operations; however, such programs may be more clinically meaningful and cost-effective
if targeted to specific subgroups. This study aimed to estimate the extent to which patients with poor
baseline functional capacity improve their functional capacity.
Methods. Data for 106 participants enrolled in a multimodal, prehabilitation program before colorectal
operations were analyzed. Low baseline functional capacity was defined as a 6-minute walking test
distance (6MWD) of less than 400 m. Participants were categorized as higher fitness (6MWD $ 400 m,
n = 70) or lower fitness (6MWD <400 m, n = 36). Changes in 6MWD over the preoperative period, and
4 weeks and 8 weeks after the operation were compared between groups. Secondary outcomes included
patient-reported physical activity and health status, postoperative complications, duration of hospital
stay, and readmissions. Less-fit patients were then compared with subjects in the rehabilitation arm of the
original studies who had a baseline 6MWD <400 m.
Results. Participants with lower baseline fitness had greater improvements in functional walking
capacity with prehabilitation compared to patients with higher fitness (+46.5 [standard deviation 53.8]
m vs +22.6 [standard deviation 41.8] m, P = .012). At 4 weeks postoperatively, patients with lower
baseline fitness were more likely to be recovered to their baseline 6MWD than those with higher fitness.
(74% vs 50%, P = .029). There were no differences in secondary outcome. Less-fit patients had a
greater improvement through all the preoperative period compared to the control group.
Conclusion. Patients with lower baseline walking capacity are more likely to experience meaningful
improvement in physical function from prehabilitation before and after a colorectal cancer operation.
(Surgery 2016;160:1070-9.)
From the Department of Anesthesia,a McGill University Health Center, Montreal, Quebec, Canada; the School
of Anesthesia and Intensive Care,c University of Milan, Milan, Italy; and the Department of Surgery,b McGill
University Health Center, Montreal, Quebec, Canada.
COLORECTAL CANCER is expected to continue to
increase as the population ages.1 After a colorectal
operation, postoperative complications occur in
>1 in 4 patients2 and, even in the absence of
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complications, operations are associated with a
20–40% decrease in functional capacity.3 Especially
in the elderly, functional recovery may take up to
6 months, and some patients never return to base-
line functioning.4 This prolonged or incomplete
recovery poses a health care burden for patients
and caregivers and increases time away from
work, leisure, family, and social activities.5

Impaired preoperative physical and morbid
conditions are independent factors related to
poor operative outcome.6 Poor cardiorespiratory
fitness measured by gold standard cardiopulmo-
nary exercise testing is associated with increased
morbidity.7 Tests of functional exercise capacity,
including the 6-minute walk test (6MWT), which
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measures the distance walked in 6 minutes
(6MWD), correlate with formal exercise testing
and also predict complications after a colorectal
operation.8

Traditionally, interventions to decrease compli-
cations and improve functional recovery focus on
in-hospital or postoperative care. Actually, the
preoperative period may represent a salient op-
portunity to increase physiologic reserve in antic-
ipation of the operative stress, an approach termed
“prehabilitation.”9

We reported the results of a pilot study10 and a
randomized, controlled trial11 comparing a multi-
modal prehabilitation intervention, including aero-
bic and resistance exercise, nutritional counseling
and supplementation with whey protein, and anti-
anxiety strategies, with the same program begun
postoperatively (rehabilitation). A 4-week prehabi-
litation program in colorectal cancer improved
the primary outcome of walking capacity preopera-
tively and postoperatively; however, this study
included patients with a wide range of baseline
fitness levels.

As the prehabilitation intervention is resource-
intensive, targeting at-risk populations would be an
attractive strategy to increase its effectiveness. We
hypothesized that patients with poor functional
exercise capacity would derive the most benefit
from prehabilitation. The objective of this study
was to estimate the extent to which patients with
poor baseline walking capacity (defined as 6MWD
<400 m) benefit from a multimodal, prehabilita-
tion program compared to those with higher
baseline walking capacity and to determine
whether the changes achieved in the preoperative
period would continue to be present during the
postoperative period. Furthermore, subjects in the
interventional group were compared to those in
the control groups of the original studies.

MATERIALS AND METHODS

Subjects. We re-analyzed the data of 106 partic-
ipants from the intervention arms of one cohort
study,10 one randomized controlled trial (RCT),11

and one ongoing RCT (ethics approval code
GEN11-004). As a control group, we reanalyzed
data from participants in the rehabilitation group
of the same studies. All participants were adults
scheduled for elective colorectal cancer resection
at a single institution (Montreal General Hospital,
McGill University Health Centre, Montreal,
Quebec, Canada) from November 2011 to August
2014. Patients with poor English or French
comprehension and premorbid conditions that
contraindicated exercise (severe cardiovascular
and neuromuscular diseases, only 3 patients)
were excluded. All trials were approved by the
Research Ethics Board of the McGill University
Health Centre, Montreal, Canada.

Study design. Participants of the prehabilitation
arms of the original studies were categorized into 2
groups with respect to their baseline walking
capacity as measured by the 6MWT, a validated
indicator of recovery in colon operations. We
defined low functional capacity as a 6MWD less
than 400 m (gait speed below the average of
1.1 m/s) as a cut-off. In older adults, the inability
to walk this distance or achieve this gait speed is
associated with a greater risk of mortality, cardio-
vascular disease, limitation in mobility, and
disability.12-14 Furthermore, a 6MWD less than
409 m is predictive of a peak oxygen uptake
(peak VO2) <15 mL O2 Kg�1 min�1 measured
with cardiopulmonary exercise testing, the gold
standard reference for the evaluation of physical
fitness.15 A peak VO2 less than this threshold is a
well-validated, independent predictor of both post-
operative morbidity and decreased mid-term sur-
vival after elective major surgery.16-18

Therefore, the cut-off of 6MWD of 400 m was
chosen as an indicator of a level of physiologic
reserve less than which mobility and independency
are limited and operative complications are more
frequent. Patients in Group A had a baseline
6MWD greater than 400 m, and those in Group
B had a baseline 6MWD less than 400 m.

To investigate the role of prehabilitation in
improving functional capacity in less-fit patients,
changes in 6MWD were compared between partic-
ipants in Group B and subjects in the rehabilita-
tion arm of the original studies who had a baseline
6MWD less than 400 m (Group C).

Prehabilitation program. All 3 trials investigated
the effect of multimodal prehabilitation (exercise,
nutrition counseling and protein supplements,
and antianxiety techniques) on perioperative func-
tional capacity; all the subjects considered in this
analysis underwent a similar prehabilitation pro-
gram, described previously in detail.19

Briefly, a certified kinesiologist assessed and
trained each participant following the guidelines
of the American College of Sports Medicine.20 The
home-based training alternated aerobic, resis-
tance, and flexibility exercises up to 50 minutes,
3 times per week. Aerobic exercise (bicycle, walk,
swimming) was prescribed based on the rate of
perceived exertion measured during the baseline
6MWT. Resistance training exercises targeting ma-
jor muscle groups were performed using elastic
bands.
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A registered dietitian estimated macronutrient
and energy intake from each participant’s food
recordwith validated foodexchange lists and compo-
sition tables.21 Whey protein supplementations were
prescribed to achieve a total protein intake of 1.2 g/
kg/d as per recommendation of the European Soci-
ety for Clinical Nutrition and Metabolism.22 A
trained psychologist instructed all patients in tech-
niques aimed at decreasing anxiety together with
breathing exercises. Patients were also given a
compact disc with instructions on how to perform
these exercises at home 2 to 3 times per week.

All patients were cared for in an established
Enhanced Recovery Program, including multidis-
ciplinary counseling, early return to oral nutrition
and mobilization, multimodal analgesia, daily care
plans, standardized drain management, and a
target discharge of 3 days.5

Measures. The primary outcome measure was
the 6MWD as measure of functional capacity
reflective of activities of daily living. The 6MWT
measures the distance that a patient can briskly
walk on a flat, hard surface over a period of 6 min
(6MWD). It integrates all components of physical
activity including balance, speed, muscle force,
and endurance.23 Patients could slow down, stop,
and rest as necessary, and then resume walking as
soon as they were able.

Evidence is available supporting the validity of
the 6MWT as a measure of postoperative recovery
in patients undergoing colorectal operations.24,25

The minimal important difference for the 6MWD
(ie, “the smallest change in an outcome measure
perceived as beneficial by patients or physicians”)
has been estimated at 14 m (95% CI 9–18m) in
colorectal operation populations; we considered
20 m to be a meaningful change.26 Percentages
of age- and sex-specific norms were calculated
from the predicted distance using a well-validated
equation for the Canadian population.27

Self-reported physical activity was assessed using
the Community Healthy Activities Model Program
for Seniors (CHAMPS) questionnaire, a 41-item
questionnaire designed to evaluate the effectiveness
of interventions aimed at increasing physical activity
in the elderly.28 Subjects report the time spent do-
ing a variety of activities, from which total caloric
expenditure per kilogram per week is estimated. Ev-
idence is available supporting its validity as a mea-
sure of recovery after an abdominal operation.29

The health-related quality of life was assessed
using the Medical Outcomes Study 36-Item Short-
Form Health Survey (SF-36),30 a reliable and valid
generic index of perceived health status. It
incorporates behavioral functioning, subjective
well-being, and perceptions of health by assessing
8 health items on a 0–100 scale. Two summary
scores can be derived: the physical component
summary (PCS) and mental component summary
(MCS) scores. A greater score on the SF-36 sub-
scales or component summary measures indicates
a better quality of life. Evidence is available sup-
porting its validity as a measure of recovery after
a colorectal operation.31

To encourage and measure compliance to the
program, patients were given a booklet including all
instructions and a diary to report activities. In
addition, they were contacted once a week by
telephone to answer a standardized set of open-
ended questions to assess compliance to the fre-
quency, intensity, or duration of exercise, the
amount of whey protein taken, and the use of the
relaxation methods. Based on the information
obtained through telephone and the patient diary,
a percentage for compliance was calculated for
each component of the program and weighted
equally in the determination of overall compliance.

All measurements were taken at 4 weeks before
the operation (baseline), the day before the
operation (preop), and at 4 weeks and 8 weeks
after the operation (4-week and 8-week). Thirty-
day postoperative complication rates were graded
by severity using the Clavien-Dindo classification.32

Statistical analysis. Statistical analyses were per-
formed with Stata 12 (StataCorp LP, College Sta-
tion, TX). Normality of data distribution was
verified visually using histograms. Changes in
6MWD, self-reported physical activity (CHAMPS)
scores, SF-36 PCS scores, and SF-36 MCS scores
over the preoperative period (day of operation–
baseline values), at 4 weeks (4-week–baseline
values), and at 8 weeks after the operation (8-
week–baseline values) were calculated and
compared between groups. A complete case anal-
ysis without imputation of missing values was
conducted given the low rate of missing data for
our main outcome of interest (6MWD). Contin-
uous data with normal distribution were reported
as mean ± standard deviation (SD) and compared
using independent Student t test. Continuous data
with non-normal distribution were reported as me-
dian (interquartile range [IQR]) and compared
using Wilcoxon rank-sum test. Categorical vari-
ables were reported as frequency (%) and
compared using the Fisher exact test.

RESULTS

Of the 106 participants enrolled in the multi-
modal prehabilitation program, 70 (66%) had
baseline 6MWD greater than 400 m (Group A)
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and 36 (34%) had baseline 6MWD less than 400 m
(Group B). The demographic characteristics of
these patients are described in Table I. Participants
in Group B were older and had lesser scores of
both baseline, self-reported physical activity and
baseline physical health-related quality of life. As
expected, 6MWD and percent predicted 6MWD
were also significantly less in this group. Other de-
mographic and operative characteristics were
similar between groups.

During the preoperative prehabilitation period,
participants in Group B made greater improve-
ments in their 6MWD compared to patients in
Group A (+46.5 ± 53.8 m vs +22.6 ± 41.8 m,
P = .012). (Table II); 13 patients (36%) in the
low fitness group increased their 6MWD to
>400 m after prehabilitation. At 4 weeks after the
operation, patients in Group B were on average
recovered to their baseline (prior to prehabilita-
tion) 6MWD (+4.6 ± 59.9 m), while those in Group
A tended to remain below their baseline
(�22.5 ± 77.1 m) (P = .086).

At 8 weeks after the operation, patients in both
groups had achieved a 6MWD that was greater
than their baseline 6MWD, but the difference was
greater in the Group B patients (+53.0 ± 50.4 m vs
+12.6 ± 59.8 m, P = .002). Changes in self-reported
physical activity (CHAMPS) scores, SF-36 PCS
scores, and SF-36 MCS scores were similar between
the groups at all time periods. (Table II).

The proportion of participants with clinically
important improvements (>20 m) in 6MWD
before operation was 72% in Group B and 51%
in Group A (P = .06) (Table III). At 4 weeks after
operation, the proportion of patients recovered
to baseline 6MWD (within 20 m) was greater in
Group B (74% vs 50%, P = .029). By 8 weeks after
operation, the proportion recovered to baseline
6MWD was similar in the 2 groups. The compli-
ance to the multimodal program of the 3 studies
ranged from 70% to 98% in the preoperative
period, 53% to 72% at 4 weeks, and 53% to 82%
at 8 weeks. There were no differences in clinical
outcomes between groups, including hospital
duration of stay, complications, readmissions, and
mortality (Table IV).

Among participants enrolled in the control arm
of the original studies (rehabilitation), 23 patients
had baseline 6MWD less than 400 m (Group C).
No differences were found in baseline characteris-
tics, which included age (Group B 74.7 + 12.8 years
vs Group C 71.7 + 7.9 years), body mass index
(27.2 + 4.3 vs 29.4), sex (male 47% vs female 56%),
cancer stage (stage 3–4, 39% vs 17%), and type of
operation (rectal operation, 39% vs 32%) (P $ .21
each). Subjects in Group B achieved a greater pre-
operative improvement compared to this control
population (+46.5 ± 53.8 m versus –7.5 ± 50.5 m,
P < .01) (Table V). In the same way, participants
in Group B had greater functional improvement
compared to Group C at 4 weeks (+4.6 ± 59.9 m
versus �29.2 ± 66.3, P = .065) and at 8 weeks
(+53.0 ± 50.4 m vs +8.3 ± 52.6 m, P = .004).
DISCUSSION

The findings of the present study suggest that
for participants enrolled in a multimodal prehabi-
litation program, those with low baseline func-
tional capacity make greater improvements in
functional walking capacity preoperatively and
that these changes persist in the early postopera-
tive period. Meaningful improvements from base-
line were seen in almost three-quarters of patients
with a lesser walking capacity after a 4-week period
of prehabilitation.

This supports the hypothesis that patients with
less reserve preoperatively have more to gain from
prehabilitation efforts aimed at improving phys-
ical, nutritional, and mental conditions before an
operation compared to patients with greater base-
line functional capacity. Furthermore, when we
compared changes in walking capacity between
less fit patients in the prehabilitation group versus
those in the rehabilitation/control group, multi-
modal prehabilitation shown a positive impact
throughout the entire perioperative period.

Based on the understanding that poor baseline
functional status and physical performance in-
crease the risk of postoperative complications,
evaluation of functional capacity before major
operations is recommended for preoperative risk
stratification. We chose the 6MWD of less than
400 m to define at-risk patients, which corresponds
approximately to a peak VO2 of less than 15 mL O2

kg�1 min�1 measured with cardiopulmonary exer-
cise testing. Using this cut-off, we identified 2 pop-
ulations with different baseline functional reserves
(485.4 + 60.9 m vs 308.3 + 75.8 m).

Less fit patients were older and had more
comorbidities and less self-reported physical activ-
ity; but their functional capacity increased by an
average of 15% during the 4-week, multimodal
prehabilitation program, 3 times greater than the
other group. Seventy-two percent of patients with
poor baseline physical fitness experienced signifi-
cant increases in functional walking capacity dur-
ing the preoperative period, while the others
either decreased or remained at the baseline.
This group achieved significant improvements



Table I. Demographic and operative characteristics of patients with baseline 6MWD greater than and less
than 400 m

Group A 6MWD $400 m (n = 70) Group B 6MWD <400 m (n = 36) P value

Age (y), mean ± SD 65 ± 10 75 ± 13 <.001
Male, n (%) 46 (66) 17 (47) .094
Body mass index (kg/m2), mean ± SD 27.6 ± 4.6 27.2 ± 4.3 .616
American Society of Anesthesiologists

score, n (%)
.099

I–II 56 (80) 23 (64)
III–IV 14 (20) 13 (36)

Cancer stage, n (%) .849
0 3 (4) 2 (6)
1–2 34 (49) 20 (56)
3 30 (43) 12 (33)
4 3 (4) 2 (6)

Operative approach, n (%) 1.000
Laparoscopic 65 (93) 33 (92)
Open 5 (7) 3 (8)

Type of resection, n (%) .101
Colonic surgery 30 (43) 22 (61)
Rectal surgery 40 (57) 14 (39)

New stoma 21 (30) 10 (27) 1.000
Baseline 6MWD (m), mean ± SD 485.4 ± 60.9 308.3 ± 75.8 <.001
Percent predicted 6MWD, mean ± SD 71.3 ± 8.8 48.1 ± 10.7 <.001
Baseline self-reported physical activity

(CHAMPS kcal/kg/wk), median
(IQR)

35.4 (17.5–62.2) 11.2 (5.2–21.7) <.001

Baseline SF-36 physical component
summary score, median (IQR)

53.2 (46.1–57.5) 44.3 (39.4–51.6) .043

Baseline SF-36 mental component
summary score, median (IQR)

51.9 (44.7–58.8) 50.3 (43.9–59.9) .290

Missing data: CHAMPS = 9, SF-36 physical component = 24, SF-36 mental component = 22.
SD, Standard deviation.
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even when compared with a control group with
similar functional status.

For the elderly, the ability to walk is related to
the ability to live in the community and to move
without assistance,33 and it must be considered a
central operative outcome in this population. As
an example, a standard city road (18.3 m width
with 0.86 m/s walking speed required)34 would
be crossed in time by the majority of our less-fit
participants. The less-fit patients increased their
6MWD during the preoperative period by an
average of 46 m and therefore their walking speed
to 0.98 m/s. At 8 weeks after operation, the in-
crease was of 53 m. This observation supports the
role of prehabilitation in helping these patients
resume their daily community activities, such as
shopping or returning to work after an operation.

Less-fit patients increased their 6MWD preop-
eratively by an average of 46.5 m, thus approaching
a reasonable level of functional capacity. Looking
at Group B in detail, only 36% of the less-fit
patients increased their 6MWD to greater than
the 400 m fitness threshold during the prehabili-
tation period. Therefore, efforts must be made to
optimize even further their functional capacity,
possibly by supervising the exercise sessions and
monitoring adherence to the protocol.

Attempts were made in these studies to monitor
compliance to the 3 elements of the prehabilitation
program using self-reported assessment; the overall
adherencewas>70%, although themajority found it
easier to comply with the ingestion of protein
supplements. Clearly, efforts must bemade to obtain
objective measures of adherence to the exercise
sessions, and future studies should evaluate the use
of interactive sensors capturing physical activity.

In the present study, we wanted to confirm the
value of prehabilitation as a way to enhance
functional capacity in patients with poor func-
tional reserve before an operation. Because poor
functional reserve could be a contraindication for
major interventions,35 prehabilitation could be not



Table II. Changes in self-reported physical activity, physical function, and mental function in patients with
baseline 6MWD greater than and less than 400 m

Group A 6MWD
$400 m (n = 70)

Group B 6MWD
<400 m (n = 36) P value

Preoperative change (in relation to baseline)
6MWD (m), mean ± SD +22.6 ± 41.8 +46.5 ± 53.8 .012
Self-reported physical activity (CHAMPS, kcal/kg/wk),
median (IQR)

+9.5 [�2.1 to 39.2] +7.0 [�2.5 to 20.0] .397

SF-36 physical component summary score, median (IQR) +1.3 [�0.7 to 5.2] +0.5 [�2.2 to 6.1] .744
SF-36 mental component summary score, median (IQR) +1.9 [�1.6 to 6.9] +1.5 [�3.0 to 3.6] .406

4-week change (in relation to baseline)
6MWD (m), mean ± SD �22.5 ± 77.1 +4.6 ± 59.9 .086
Self-reported physical activity (CHAMPS, kcal/kg/wk),
median (IQR)

�3.6 [�25.2 to 28.4] �0.7 [�9.0 to 12.4] .621

SF-36 physical component summary score, median (IQR) �8.0 [�13.3 to 2.0] �2.0 [�14.8 to 6.0] .536
SF-36 mental component summary score, median (IQR) �0.6 [�8.8 to 5.2] �4.0 [�10.8 to 6.0] .714

8-week change (in relation to baseline)
6MWD (m), mean ± SD +12.6 ± 59.8 +53.0 ± 50.4 .002
Self-reported physical activity (CHAMPS, kcal/kg/wk),
median (IQR)

+3.3 [�13.6 to 31.7] +0.7 [�7.4 to16.4] .788

SF-36 physical component summary score, median (IQR) +2.2 [�2.7 to 8.0] +0.3 [�5.8 to 8.4] .575
SF-36 mental component summary score, median (IQR) +4.9 [�2.5 to 11.0] +2.7 [�7.0 to 8.2] .375

Missing preoperative data: CHAMPS = 13, SF-36 physical component = 28, SF-36 mental component = 26.
Missing 4-week data: 6MWD = 9, CHAMPS = 20, SF-36 physical component = 30, SF-36 mental component = 29.
Missing 8-week data: 6MWD = 16, CHAMPS = 27, SF-36 physical component = 40, SF-36 mental component = 38.
SD, Standard deviation.

Table III. Clinically important changes in the 6MWD in relation to baseline

Group A 6MWD
$400 m (n = 70)

Group B 6MWD
<400 m (n = 36) P value

Proportion of patients with preoperative improvement in 6MWD
(>20 m), n (%)

36 (51) 26 (72) .060

Proportion of patients returned to baseline 6MWD at 4-weeks after
operation (within 20 m), n (%)

33 (50) 23 (74) .029

Proportion of patients returned to baseline 6MWD at 8-weeks after
operation (within 20 m), n (%)

47 (76) 25 (89) .166

Missing 4-week data = 9.
Missing 8-week data = 16.
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only used to improve postoperative outcomes but
also to increase access to operations for the elderly.
As our population gets older and the incidence of
cancer increases with age, this approach could be a
key concept in the near future.

All 3 studies were conducted following the
implementation of an enhanced recovery program
at our institution. Perioperative care was guided by
published standardized, evidence-based guidelines
following a consensus review on best care for
patients undergoing colorectal operations. This
standardized approach to clinical care facilitated
the introduction of the prehabilitation component
within the enhanced recovery process of our pa-
tients. The 3–4 day duration of hospital stay in both
groups reflects the standard duration at our institu-
tion and compares favorably with published data.

Despite differences in 6MWD with prehabilita-
tion, improvements were not reflected in patient-
reportedmeasures, such as CHAMPS or SF-36. With
regard to the self-reported physical activity
(CHAMPS), the lack of difference may reflect that
the less-fit group, being older, did not need to exert
a great deal of physical activity to increase their
functional walking capacity as they started well
below the60%of thepredicted 6MWD.Thephysical
and mental components of the SF-36 were also not
different at any point, which could be explained by
the fact that the 6MWT only measures functional
walking capacity and not other aspects of health.



Table IV. Postoperative clinical outcomes of patients with baseline 6MWD greater than and less than 400 m

Group A 6MWD $400 m (n = 70) Group B 6MWD <400 m (n = 36) P value

Patients with $1 complication within
30 d of operation, n (%)

23 (33) 12 (33) 1.000

Grade of most severe complication
(Clavien-Dindo classification), n

(%)

.237

Grade I 11 (16) 7 (20)
Grade II 6 (9) 3 (7)
Grade III 5 (8) 0 (0)
Grade IV 0 (0) 1 (2)
Grade V 0 (0) 1 (2)

30-d readmission rate, n (%) 7 (10) 6 (17) .358
30-d mortality rate, n (%) 0 (0) 1 (3) .340
Duration of stay, median (IQR) 3.5 [3–6] 4 [3–5] .626

Table V. Changes in physical function in patients with baseline 6MWD less than 400 m underwent either a
prehabilitation intervention (Group B) or not (Group C)

Group B intervention (n = 36) Group C control (n = 23) P value

Preoperative change (in relation to baseline)
6MWD (m), mean ± SD +46.5 ± 53.8 �7.5 ± 50.5 <.001

4-week change (in relation to baseline)
6MWD (m), mean ± SD +4.6 ± 59.9 �29.2 ± 66.3 .065

8-week change (in relation to baseline)
6MWD (m), mean ± SD +53.0 ± 50.4 +8.3 ± 52.6 .004

Missing 4-week data: 6MWD = 8.
Missing 8-week data: 6MWD = 10.
6MWD, 6-min walking distance; SD, standard deviation.
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No difference was observed between the 2 pre-
habilitation groups in clinical outcomes, such as
duration of hospital stay and 30-day complication
rate, but this study was underpowered to detect any
potential effect of prehabilitation on these out-
comes. Because poor baseline exercise capacity is a
risk factor for complications, the finding of no
difference in complications between the groups
may support a protective effect of prehabilitation.
Furthermore, we classified postoperative complica-
tions according to the Clavien-Dindo grading which,
in spite of being well validated in numerous fields of
surgery, may have limited sensitivity to detect
between-group differences, as it only takes into
account the most severe complication occurred.

While our results are preliminary and require
confirmation in larger, randomized studies, they
may provide proof of concept that prehabilitation
can help unfit patients become stronger before an
operation and have a buffer to better withstand the
stress of an operation. Future directions of
research activity in this group should also focus
on identifying strategies to motivate the 30% of
patients who did not improve with the multimodal
program. Supervised training and personalized
programs could be possible modalities of future
development within the continuum of cancer care.
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Dr John Eggenberger (Ann Arbor, MI): Good

morning. I would like to thank the Central Surgi-
cal and Dr Minnella and his colleagues for the priv-
ilege of discussing this paper. You are to be
congratulated, you and your colleagues, for a
well-conceived and, I think, important and timely
study.

This is an intense area of interest for me. We are
currently trying to conceive a perioperative home
model at our institution, which incorporates
enhanced recovery protocol for our colorectal
patients with prehabilitation. The objective of the
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paper was to determine if the specific intervention
of preoperative exercise differed between 2 spe-
cific groups, low-fit and high-fit patients undergo-
ing colorectal surgery, and whether or not this
intervention improved outcomes and lowered
complications. This was demonstrated to be
different in the former comparison but not in
the latter.

I just have a few questions, and I look forward to
your answers. Why do you think that the baseline,
low-fit patients were able to maintain improvement
at a higher rate or at a higher level than the high-
fit patients? Question 2, do you think that these
results are able to be extrapolated to surgical
populations other than colorectal surgery patients?
Number 3, some prehabilitation programs include
smoking cessation, which is something that we are
going to incorporate into ours. Have you looked at
this particular intervention in other studies from
your institution?

How did you ensure that patients actually
performed the home-based exercises? Most people
feel, at least currently, that if patients are contacted
by their provider throughout the preoperative and
postoperative process that they are generally going
to be more compliant with the recommendations
for prehabilitation. Did you actually contact the
patients? And if you did not, do you think that
contacting them might improve your outcomes?

And then, finally, do you think that the higher
number of patients undergoing rectal cancer
surgery in the fitter group could have, in part,
explained your results as rectal cancer surgeries
are generally considered of greater magnitude
than that of colon cancer and may have accounted
for your differences?

Thank you very much for the privilege of
reading your paper and providing me both the
manuscript and your presentation in advance.

Dr Enrico Minnella: Thank you for reviewing my
work. So, I will start with the last question first.
There was a difference between the rectal and
the colorectal intervention, but it was not signifi-
cant. We do monitor for compliance. We contact
the patients directly every week. The patients are
called by phone.

The physical activity is basically any movement
you do. Physical activity increases your function,
increases your expenditure, your metabolic expen-
diture. But our intervention was exercise. So the
better way to assess the exercise, assessing the
compliance to exercise, is asking the patient what
they do.

Then, why do we think that the low-fit patient
could benefit the most? I think it could be related
to the baseline activity level. As we already know by
the normal physiology, they could have a better
outcome. The only point is that we did not know
whether an intervention made preoperatively
before colorectal surgery would make a difference.
We think that the process, the physiological pro-
cess, could be the same.

Last question, the different surgery. We are
examining this intervention in different kinds of
surgery, and we have found similar results.

Dr Gerald Larson (Louisville, KY): I enjoyed
your paper very much, Dr Minnella, possibly
because it is consistent with my approach in prep-
aration of patients.

I have a few questions. Number one, how long
was your prehabilitation period? It could be
2 weeks. It could be 4 weeks. In your patients
who had cancer, cancer patients and families are
eager to have the cancer taken care of, so how did
the patients respond to accepting this prehabilita-
tion period, which may be delaying their surgery?

And you report that there is no difference in
secondary outcomes. I would hope that is not a
complete answer, and I would suggest maybe you
did not look hard enough. There has to be some
benefit if patients are able to get out of bed and
walk and just do activities of daily living a day or
two ahead of what they would have been doing
without this prior training.

Did you notice any differences in their move-
ment around the hospital? Or were you able to
discharge them any sooner, or were they just a little
more self-sufficient as a result of your preop
conditioning?

Dr Enrico Minnella: For the last question, this
study was not powered to detect differences in sec-
ondary outcomes. The median length of stay was
3.5 days. So if you want to lower the outcome, I
think it is possible.

But we are addressing this question whether
improving walking capacity could really have an
impact also on complications. Our sample size of
106 patients is not enough. We did a brief
calculation. We would need at least double the
number of patients to be adequately powered.

And your first question: In this study, we never
delayed surgery. In general, the waiting time to the
surgery in our institution is 3 to 4 weeks. So we just
used this waiting period in order to train the
patient and give them nutritional intervention, but
we never delayed surgery. The patients were really
happy about that.

Dr Bruce Averbook (Cleveland, OH): I enjoyed
your paper. I think this is an area we have to inten-
sify, not just prehabilitation but a whole perception
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of patients with disabilities. Patients come in with
disabilities, and we do not always recognize what
we can do to improve their outcomes. We also
give patients disabilities, and I am not sure that
we as surgeons completely understand the impact
that we have and what we can do on a one-to-one
basis. Our knowledge base can certainly improve
on this.

To that effect, in the American College of
Surgeons Ohio Chapter, we formed a group that
will look at patients with disabilities and try to
educate our surgeons. It stalled a little bit, but I
think it will take off.

But one of the things I am thinking that you
might want to look at is, on the same lines as the
previous question, not necessarily the early param-
eters but some of the later parameters. Do these
patients come back with other issues? How well did
they do after 30 days? Did they have other
improvements on a psychosocial basis that made
a significant difference on a later scale?

I also wonder about the effect of the prehabi-
litation on their mind-set undergoing surgery and
how they did afterwards. I think those 2 areas are
things that you might want to look at. If you would
like to comment more, I would like to hear your
thoughts.

Dr Enrico Minnella: Thank you for addressing
the point. Actually, we measure both the
components you just addressed with 2 different
health assessment questionnaires. The first is the
CHAMPS, and it assesses not only the physical ac-
tivity but also their relational skill. We saw an
improvement throughout the period of study.

And also, before surgery, we had another
questionnaire that assesses anxiety and depression
before and after surgery. We saw a significant
decrease in depression and anxiety perceived by
the patient after this intervention and also
compared with the control group.

Dr Heather Dolman (Detroit, MI): This is a nice
supplement to any enhanced recovery protocol.
My question is on the nutritional part of your pre-
habilitation. If they are already somewhat incapac-
itated, why was the goal of the nutrition protein
only 1.2 g/kg? Did you use or try anything to
help reach that goal?

Dr Enrico Minnella: Yes. We just used the 1.2–
1.5 because it is the standard required for a surgi-
cal patient assessed by the American Society of
Nutrition. We saw that only 60% of the patients
achieved this basic level. I agree with you that we
probably will go further. But we just wanted to
meet the basic requirement.

The point of this intervention is not to increase
the lean body mass. We do not want to be too
anabolic. We only wanted to make a common-sense
intervention.
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