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ABSTRACT

BACKGROUND: Patients undergoing colorectal cancer resections are at risk for
delayed recovery. A previous prehabilitation program using exercise alone has
shown limited impact in enhancing functional capacity and recovery. We compared
the impact of a new trimodal prehabilitation program which includes exercise,

nutritional and psychological therapy to patients undergoing standard care.

LITERATURE REVIEW: Limited literature exists in enhancing functional capacity
in abdominal surgery. Studies have focused on exercise alone and have reported
negative results. Protein supplementation combined with exercise may stimulate

muscle gain and anxiety reduction may improve compliance and recovery.

METHODS: In this pre/post intervention study, functional walking capacity during
prehabilitation and at 8 weeks after surgery was compared between 42 patients
having completed the trimodal prehabilitation intervention and 45 previously

assessed controls.

REsuLTS: Functional walking capacity improved by an average 42 4+ 41 meters
during prehabilitation. At 8 weeks after surgery, patients undergoing prehabilita-
tion were 64 meters above controls on multivariate analysis. 81% of prehabilitated
patients were considered recovered versus 40% of controls. There was no difference

in postoperative complication rates.

CoNcLUSION: A trimodal prehabilitation program improved both functional

capacity preoperatively and postoperative functional recovery.

X



ABREGE

CONTEXTE: Les patients subissant une résection pour cancer colorectal sont a
risque d’un rétablissement retardé. Un programme de préhabilitation d’exercice
physique seul a démontré un impact limité. Nous avons comparé 'impact d'un
nouveau programme de préhabilitation trimodale qui inclut I’exercice, la nutrition,
et la psychologie aux patients recevant des soins standard.

REVUE DE LA LITTERATURE: Peu d’études existent sur ’amélioration de la
capacité functionelle en chirurgie abdominale. Ces études ont mis ’accent sur
I’exercice seul et ont eu des résultats négatifs. La supplémentation en protéines
combiné avec I'exercice peut stimuler le gain de muscle, et la réduction de I'anxiété
peut améliorer la participation et le rétablissement.

METHODES: Dans cette étude pré/post intervention, la capacité fonctionelle de
marche durant la période de préhabilitation et a 8 semaines apres la chirurgie ont
été comparé entre 42 patients ayant terminé la préhabilitation trimodale et 45
controles évalués antérieurement.

RESULTATS: La capacité fonctionnelle de marche s’est ameliorée de 42 + 41
metres lors de la préhabilitation. A8 semaines, les patients ayant terminé la
préhabilitation étaient 64 metres au-dessus des controles sur analyse multivariée.
81% des patients en préhabilitation s’étaient rétablis versus 40% des controles. 11
n’y avait aucune différence dans les taux de complications postopératoires.
ConNcLusioN: Un programme de préhabilitation trimodale a amélioré a la fois la

capacité fonctionelle en préoperatoire et le rétablissement postopératoire.



PREFACE

The following is a manuscript-based thesis investigating the effects of a novel,
trimodal prehabilitation program on functional recovery after colorectal surgery.
The abstract was accepted for oral presentation at the Society of American
Gastrointestinal and Endoscopic Surgeons March 2012 annual meeting and the
associated manuscript as presented here was accepted for publication in Surgical
Endoscopy as of August 2012. The manuscript is provided with kind permission

from Springer Science+Business Media B.V.
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CHAPTER 1
BACKGROUND

1.1 Colorectal Cancer
1.1.1 Epidemiology

Over 500 Canadians are diagnosed with cancer every day. Colorectal cancer
is the third most frequently diagnosed cancer type, accounting for 13% of all new
diagnoses. In Canada, there will be an estimated 23,300 new cases of colorectal
cancer in 2012 alone [1]. In Canadian registries, the trend of incidence rates has
remained stable among men and is decreasing among women between 1983 and
2000 though it remains higher than that in the United States and many Furopean
countries. Still, approximately one person out of twenty will develop colorectal
cancer in their lifetime.

Colorectal cancer also accounts for a significant burden of overall cancer
mortality, with 9,200 deaths expected in Canada, a 12% share of all cancer-
related deaths. Canadian mortality rates, however, have decreased by 2.6% for
men and have remained stable for women over the last 20 years mostly due to
improved treatment options and early screening programs which allow both
decreases in incidence from removal of precancerous polyps, and in mortality from
earlier detection of malignant lesions [1]. Nonetheless, the worldwide burden of
disease continues to progress, especially due to an increase in westernized lifestyle

and diet [2]. Mortality rates also remain problematic, particularly in countries



lacking the resources and health infrastructure to permit an adequate screening
program [3].
1.1.2  Pathophysiology and Clinical Presentation

Although genetic diseases such as familial adenomatous polyposis and hered-
itary nonpolyposis colon cancer can predispose to syndromic colon cancer, the
sporadic form is by far the most common. A well described adenoma-to-carcinoma
sequence explains the development cycle from normal mucosa to malignant can-
cer [4]. Most lesions begin as pre-malignant adenomatous polyps after mutation of
the APC gene. Malignant characteristics then typically develop over a matter of
years as successive genetic mutations accumulate, most prominently mutations in
the K-ras and p53 oncogenes, which lead to progressive loss of cell cycle control

and malignant transformation.

Table 1-1: Proportion of new colorectal cancer diagnosis by age group

Age group Proportion
Under 20 0.1%
20-34 1.1%
35-44 3.0%
45-54 13.4%
55-64 20.4%
65-74 24.0%
75-84 25.0%
Above 85 12.0%

Adapted from SEER data
2005-2009 [5].



Although colorectal cancer can occur in younger individuals, the main
non-modifiable risk factor is age. Colorectal cancer thus tends to occur in older
patients, with 9 out of 10 diagnoses made on patients above 50 and the majority
on patients aged above 65 years (Table 1-1). The median age at diagnosis is 69
years [5]. Other risk factors include personal history of previous adenomas, family
history of colorectal cancer, and the presence of inherited syndromes. Colorectal
cancer is also associated with westernized lifestyle and diet. These are modifiable
risk factors and the most important evidence points towards obesity, central
adipose distribution, and lack of physical activity. Other, more controversial, risk
factors include processed meat, alcohol consumption, and cigarette smoking [6].

The development of colorectal cancer is usually silent and is not accompanied
by overt symptoms until late in the disease. Symptoms associated with colorectal
cancer early in the disease are usually vague and include abdominal pain, change
in bowel habits, weakness and fatigue, and occult blood loss. In later stages, de-
pending on the location of the tumour, these which may progress to hematochezia
or melena, involuntary weight loss, and obstruction [7].

Staging for colorectal cancer follows the American Joint Committee on
Cancer recommendations, which is based on tumour, node, and metastasis (TNM)
information [9]. In general, stage I tumours are localized and do not invade the
muscularis propria, stage II tumours invade through the muscularis propria but
do not have positive nodal status, stage III tumours have nodal involvement,
and stage IV tumours have metastasized. The overall 5-year survival was 65%

in the United States from 1991 to 2003 [8]. Though cancer-related mortality



Table 1-2: Colorectal cancer 5-year survival by AJCC stage

AJCC stage Distribution 5-year survival

I 15.1% 93.2%
IIa 29.7% 84.7%
ITb 6.1% 72.2%
I1Ia 2.0% 83.4%
ITIb 16.6% 64.4%
IIIc 8.9% 44.3%
1A% 21.6% 8.1%
Total 65.2%

Adapted from SEER data 1991-

2000 [8].
is infrequent with localized tumours (stage I & II), a more extensive burden of
disease, especially if there are metastases, is associated a significant decrease in
5-year survival (Table 1-2).
1.1.3 Treatment Strategies

The significantly better prognosis of earlier stage lesions, the existence

of a detectable and removable precursor lesion, and the presence of adequate
detection strategies are the basis behind early screening programs. The goal is
for asymptomatic individuals to be tested to either detect colorectal cancer at an
earlier stage or to find and remove pre-malignant lesions endoscopically. Screening
is recommended for all average-risk individuals aged above 50, and earlier for
those at higher risk. Current best evidence suggests using fecal occult blood
testing yearly as a first line strategy followed by flexible sigmoidoscopy every 5

years [10]. All Canadian provinces have either developed or are in development



of a systematic program using fecal occult blood testing as primary screening
followed by colonoscopy for any positive results [11].

Due to the local nature of the disease, the traditional primary approach
to colorectal cancer and the only curative approach is surgery. The National
Comprehensive Cancer Network guidelines for colon cancer suggest colectomy
up-front unless the tumour is unresectable due to locally advanced disease.

Even in cases of lung or liver metastases, if they are resectable, synchronous or
staged colectomy and metastatectomy is recommended [12]. Similarly, surgery is
recommended as the first-step in treatment for T1 or T2 tumours, and as second
step after neoadjuvant therapy for all more extensive resectable tumours [13].
Therefore, surgery is an essential treatment in the vast majority of colorectal
cancer diagnoses.

1.2 Recovery after Surgery

1.2.1 Recent Efforts to Improve “Recovery”

Colorectal surgery has been associated with a difficult postoperative period,
with all-cause morbidity around 23% and an average length of hospital stay of
10 days [14]. Though the past decade, the adoption of strategies to improve
recovery after colorectal surgery has begun. Techniques such as minimally invasive
surgery and enhanced recovery pathways have claimed reduce surgical stress
and to enable a quicker recovery from a traditionally difficult operation. Large
prospective trials have shown that laparoscopic operations have, for instance, been
associated with improving return to bowel function, diminishing postoperative

pain, and a reduction in length of hospital stay [15, 16], without detrimental



long term oncologic results [17]. Similarly, enhanced recovery pathways have
primarily impacted hospital stay, with a trend towards decreasing postoperative
complications [18]. These advantages seem concentrate on the immediate short-
term postoperative period, which is the first few days after the surgery up until
patient discharge.

1.2.2  Definition of Recovery and the Stages of Recovery

Despite the attention placed upon it, the concept of recovery from surgery
may be inadequately covered by the limited time that the immediate postoperative
period represents. There is no clear definition for recovery in the literature. It is a
complex, continuous transition through the entire surgical process, and may only
end when the patient has regained their preoperative health status [19]. Three
overlapping stages of recovery have been identified, where the early recovery stage
covers the awakening and recovery of vital reflexes, intermediate recovery details
clinical recovery until home readiness, and late recovery is achieved when full
physical and psychological recovery is achieved [20].

The Wilson-Cleary model may be used to better understand the relation-
ship between lower and higher level measures of health and can be applied to
recovery [21]. It describes five progressive levels of health measures: biological
and physiological variables, symptom status, functional status, general health
perceptions, and overall quality of life. Measurement of impact on recovery has
traditionally focused only on the early and intermediate recovery stages. These
measures often include length of hospital stay and morbidity, which correspond to

symptom status, but few measures are focused on the late recovery period and on



patience-centered outcomes such as functional status. The late recovery stage may
have more impact for patients’ well-being compared with earlier stages.
1.2.3 Length of Recovery after Colorectal Surgery

We have previously investigated both late stage functional recovery using the
Six-minute walk test (6MWT), a test of functional walking capacity, and quality of
life using the Medical Outcomes Study Short Form 36 (SF-36) questionnaire (see
section 3.3.3), after colorectal cancer surgery [22]. This trial, designed to compare
epidural anesthesia to patient controlled anesthesia, found benefit for the former
both at 3 and 6 weeks after surgery. More importantly, it showed that regardless
of the group, patients only returned near their preoperative 6MW'T results 6
weeks after surgery, and continued to exhibit lower results of physical domains
of their quality of life. A recent study amalgamated data from five randomized
controlled trials analyzing effects colorectal surgery on physical function and
fatigue after discharge [23]. 30 days after surgery, patients continued to experience
higher fatigue scores and lower muscle strength as measured by hand grip and
knee extension. Fatigue and physical functioning related quality of life scores may
remain below baseline even 3 months after surgery [16]. The late recovery stage
may thus stretch for a much longer period than is typically thought.

Although minimally invasive surgery and enhanced recovery programs have
improved intermediate recovery, improvement in recovery back to baseline quality
of life status has not been shown and little literature exist on interventions

designed to improve functional recovery [16,24]. These interventions were not



designed to improve late functional recovery and were focused on improving the
perioperative care of patients.
1.3 Prehabilitation
1.3.1 Theoretical Framework

“Prehabilitation” is defined as an intervention designed to improve functional
capacity in anticipation of an upcoming surgical stressor. We postulate the effects
of preoperative functional capacity on postoperative recovery in the model of
recovery of functional status show in Figure 1-1. By using the preoperative
period to administer a prehabilitation intervention, patients can improve above
their baseline physical status, mitigate the detrimental effects of surgery on their
functional capacity, and thus return to normal function at a much earlier time.
Patients may also be better prepared physically to face the stress of surgery,
and may derive benefits in the early and immediate phases. Thus, using the
preoperative period to improve functional capacity has the potential to both
improve patient fitness for surgery and to quicken their time to full recovery.
1.3.2 Previous Exercise-only Trial

Our first investigation into prehabilitation was done in the 2005-2006 period.
A two-arm randomized controlled trial compared patients undergoing a structured
exercise program focused on stationary biking to a “sham” intervention group
who received general instructions to walk and do breathing exercises. To our
surprise, the structured biking group did not show significant improvement in
functional capacity as measured by the 6MWT both during the prehabilitation

period and during the recovery period compared to the sham intervention. Also,



Surgical stressor

/ _—
_—

< Prehabilitation >< Recovery >

Figure 1-1: Theoretical effect of prehabilitation on recovery of functional capac-
ity after surgery. The blue arrow represents a patient undergoing prehabilitation
whereas the red arrow represents traditional care [25]

Functiona
capacity

more patients in the sham intervention group showed improvement in walking
capacity during prehabilitation (47% vs 22%). There was poor compliance to
stationary biking guidelines and 29% of patients deteriorated while waiting for
surgery despite intervention [26]. We also found that patients who were responsive
to the prehabilitation intervention were more likely to have recovered to baseline
function 9 weeks after surgery. Key variables that predicted poorer recovery
included female sex, low baseline 6MWT, higher co-morbidity (American Society
of Anesthesiologists (ASA) scores), and high anxiety [27].
1.3.3 Trimodal Prehabilitation

We used this information to construct a new prehabilitation intervention.
Variables such as anxiety were found to impact functional recovery which demon-

strates the complex interplay between mental and physical factors in recovery.
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Moreover, adequate nutritional substrate may not have been provided to patients
for exercise to have a maximal effect on gain in muscle mass and physical function.
We therefore propose a trimodal prehabilitation program integrating nutritional
supplementation with whey protein and anxiety reduction strategies to a moderate
exercise program. The following literature review and manuscript describe the
existing knowledge supporting the current use of these three modes of intervention

and the results of a prospective cohort trial.



CHAPTER 2
LITERATURE REVIEW

2.1 Preoperative Exercise
2.1.1 General Benefits and Recommendations

Despite the results of our initial exercise-only trial on prehabilitation, we
believe that exercise remains the cornerstone of any intervention designed to
enhanced functional capacity. The benefits of a physically active lifestyle are
innumerable. Physical activity and fitness, especially in the elderly population
which is most at risk for colorectal cancer, has been shown to lessen all-cause
mortality, morbidity, and disability, and to be beneficial in cardiovascular and
respiratory disease, and even in cancer [28]. The American College of Sports
Medicine and the American Heart Association have issued a joint recommendation
that regular physical activity is essential for healthy aging and should include
moderate-intensity aerobic activity for 30 minutes five times per week combined
with muscle-strengthening, balance, and flexibility exercise [29].
2.1.2 Impact of Physical Fitness on Colorectal Cancer Surgery

Higher levels of physical activity are associated with significantly reduced
risk for incidence in colorectal cancer and low physical activity is considered a
risk-factor for its development [30,31].

Moreover, better physical fitness has been associated with improved short-

term surgical outcomes. Reilly et al. have documented a two-fold increase in

11
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incidence of serious postoperative complications after major non-cardiac surgery
in patients who self-reported poor exercise tolerance [32]. Dronkers et al. have
identified an association between poor physical activity levels (odds ratio (OR)
5.5) and poor inspiratory muscle endurance (OR 5.2) on short-term mortality after
major oncologic abdominal surgery [33]. Wilson et al. have found that an aerobic
threshold of lower than 10.9 ml/kg/min was associated with a relative risk of 6.8
for all-cause in-hospital and 90 day mortality after colorectal resection [34]. Nutt
and Russell have found that patients with poor preoperative 6MW'T results were
more likely to develop postoperative complications and proposed a cut-off distance
of 250 meters, which had a specificity of 0.88 and a sensitivity of 0.58 in their
cohort [35].

In our previous prehabilitation trial, regardless of the intervention undertaken
(biking or walking and breathing), patients who deteriorated in functional capacity
while waiting for surgery had higher risk for complications requiring reoperation
or intensive care use [27]. An audit of our own data has also shown an associa-
tion between low preoperative 6MW'T result and cardiopulmonary complications
after colorectal surgery. A 392 meter cut-off yielded an odds ratio of 5.3, with a
specificity of 0.74 and a sensitivity of 0.72 for predicting the occurrence of car-
diopulmonary complications [36]. Therefore, since physical fitness is a modifiable
risk-factor for postoperative complications, it would seem advantageous to use the
preoperative period to improve fitness in a structured prehabilitation program.
2.1.3 Preoperative Training Programs

Oncologic Abdominal Surgery
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Other than trials conducted by our group, a single trial has been identified
using exercise to improve functional capacity prior to abdominal oncologic surgery.
Dronkers et al. performed a pilot randomized controlled study to assess the
feasibility of a short-term intensive therapeutic exercise program to improve muscle
strength, aerobic capacity, and functional activities [37].

The intervention group used in this trial was a training program given
both at home and at an outpatient physical therapy hospital department in the
Netherlands compared with a control group asked only to follow the home based
program. Sixty minute outpatient training sessions were given twice a week and
included resistance training of the leg muscles, inspiratory muscle training, aerobic
training, and a flexible module on functional activities tailored to the patient’s
capabilities. The home portion of the program prescribed walking or cycling for 30
minutes per day. They also received instruction in deep breathing exercises.

After an average of 5 training sessions, the authors found only an improve-
ment in inspiratory muscle endurance in the group undergoing both outpatient
and home program . There were no significant gains in functional capacity during
prehabilitation in both groups, including Timed-Up-and-Go, chair rise time, cycle
ergometer test, physical activity questionnaires, pedometer steps recorded, and
quality of life measures. Postoperative complications and length of hospital stay
were also the same. The authors, however, do distinguish that patients with a
pedometer recording below 4000 steps per day were more likely to suffer from
postoperative respiratory complications, regardless of the training program that

they received.
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The authors state that they were successful in establishing the feasibility
of prehabilitation in the abdominal population and found improved respiratory
muscle function. They may have been unable to find a difference between the two
groups as both arms were relatively similar in treatment, with the intervention
group only benefiting from a few extra supervised outpatient visits. Moreover,
they did not find improvement during the prehabilitation phase, though scores
remained relatively stable. In contrast, we have found in our previous trial that
a significant proportion of patients tend to deteriorate while waiting for surgery.
Mitigation of this deterioration may be a significant result in itself. These results
could have been found if they had used a control group which had not received any
recommendations. Finally, prehabilitation studies have thus far only focused on
exercise and have not combined exercise training with other modes of training.
Other Types of Surgeries

Far more prehabilitation trials have been undertaken for both cardiovascular
and orthopedic surgeries than for abdominal operations. In cardiovascular surgery,
the main focus for preoperative intervention is in the domain of inspiratory muscle
training prior to coronary artery bypass surgery. The usual regimen requires
patients to perform inspiratory muscle exercise at an intensity of 20% of maximal
inspiratory pressure for a minimum of 15 minutes daily. It is recommended to
start the program from 2 to 4 weeks prior to surgery. A recent review and a meta-
analysis have found evidence to support the use of inspiratory muscle training as
they decrease atelectasis and pulmonary complications with a risk ratio of 0.4, and

improve maximal inspiratory pressure by up to 36% [38,39].
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In orthopedic surgery, the main focus is strengthening and flexibility of the
lower limbs in preparation for either knee or hip joint replacement. In general,
outcome measures included joint specific strength measures, surgery specific
questionnaires, length of hospital stay, and quality of life. The majority of trials do
not show benefit in their outcomes and a meta-analysis of the results did not show
significant benefit in terms of postoperative complications and hospital length of
stay [38,39].

2.2 Nutritional Therapy
2.2.1 Impact of Malnutrition on Colorectal Cancer Surgery

Colon cancer patients may have a variety of non-specific gastrointestinal
and abdominal symptoms such as abdominal pain and bloating which inhibit the
ability to maintain adequate caloric intake. Moreover, the malignancy itself may
exert a chronic systemic inflammation response which manifests itself as weight
loss and cachexia [40]. Over half of patients presenting for colorectal resection will
have had significant preoperative weight loss and up to 20% of patients will have
lost more than 10% of their body weight [41,42].

Patients having lost weight tend to have poorer muscle strength as mea-
sured by hand-grip test, especially as the lost weight will mostly consist of muscle
mass [42]. A large population-based studies have identified preoperative malnu-
trition as an independent predictor, with an odds ratio of 1.33, for mortality after
colorectal cancer surgery [43]. Significant preoperative weight loss has also been

linked with specific postoperative complications such as anastomotic leak [44], and
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have been associated with prolonged length of hospital stay and increased costs for
hospitalization [41,45].
2.2.2 Theoretical Benefits of Whey Protein Supplementation

Whey proteins are the fraction of milk proteins that do not coagulate to
form curds and are by-products of the cheese-making industry. They are rich in
antibodies and in branched-chain amino acids and are considered highly nutritious.
In patients with malnutrition, whey protein supplementation could be seen as an
additional source of valuable nutrition. However, the majority of colorectal cancer
patients are not considered malnourished.

In our context, then, whey protein is used to ensure appropriate nutrition
is provided in adequate amounts to optimally stimulate improvement in muscle
mass and functional capacity when performing physical exercise. The protein
needs of patients engaged in an exercise program can be double that of sedentary
individuals [46]. Exercise and protein supplementation have a synergistic effect.
Exercise supplemented by protein has been shown to increases fat-free mass gain
and improves maximum leg press strength [47]. Muscle protein synthesis has also
been found to be higher when taking small amounts of whey protein compared to
carbohydrates in young volunteers after resistance exercise [48]. Finally, volunteers
taking whey protein during an extended 6 week training program were found to
have superior lean tissue mass as measured by x-ray absorptiometry and greater
bench press strength and knee extension torque [49]. Thus, patients undertaking

a new exercise program may require increased protein intake, and whey protein
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supplementation combined with resistance exercise appears to provide benefits in
muscle mass and strength gained.

Whey proteins have been postulated to possess anti-inflammatory and
immunoenhancing effects, which would be mediated through their effect on the
glutathione pathway. Whey proteins contain substantial concentrations of cysteine.
Cysteine is the rate limiting substrate on the pathway leading to glutathione
synthesis. Glutathione in its reduced form has the ability to neutralize other
unstable molecules such as reactive oxygen species and is thus a key mechanism
in offsetting oxidative damage. Thus, it was found that mice fed with whey
protein achieved higher levels of humoral immunity than mice fed with any other
milk-derived protein and that these mice have an associated increase in splenic
glutathione production [50]. Since then, it has been proposed that whey protein
may have protective effects against the development of several cancers [51].
Finally, research in colorectal cancer have shown that dietary whey protein has an
inhibitory effect on the development of tumours after exposition to azoxymethane,
a known cancer-inducing agent, in rats [52,53]. Therefore, although clinical results
are not available, there is laboratory evidence that dietary whey protein may
actively prevent cancer development.

2.3 Anxiety Reduction
2.3.1 Psychological Status before Surgery

The preoperative period is a difficult time period for patients. They are

often juggling the relatively new diagnosis of a potentially deadly malignancy

with multiple appointments in preparation for surgery. They experience worry
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about the outcome of the operation and express fear of the uncertain and of
death. Moreover, most patients undergoing operations for malignancy experience
increased anxiety as the days progress during the waiting period and may express
ambivalence at handing over their body to healthcare staff [54].

Qualitative data have identified six major thought themes in colorectal cancer
patients: seeking an understanding of the personal significance of the diagnosis;
looking at the consequences; reviewing life; change in outlook towards self, life,
and others; living with cancer; and hope [55]. For many patients, the diagnosis
of cancer thus comes as a profound change in their identity. This time period of
existential searching may be well harnessed to introduce lifestyle initiatives and
behaviour modification that may have a lasting impact after the cancer has been
dealt with.

2.3.2 Effects of Anxiety on Surgical Recovery

The effects of anxiety can be wide ranging and may have a subtle impact on
multiple domains of recovery. Psychological stress has been associated with the
slower healing of superficial wounds, in part due to higher levels of glucocorticoids.
Patients undergoing hernia repair with greater preoperative perceived stress
were found to have lower cytokine levels in the wound fluid, more pain, and a
lengthier recovery [56,57]. A theoretical framework has been proposed that links
psychological status with general health status, pain, neuroendocrine function,
immune function, and wound healing [58].

Mavros et al. have performed a systematic review of the impact of psy-

chosocial status on postoperative outcomes [59]. They have found that perceived
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stress and worry about the operation have both been associated with attenuated
recovery, postoperative complications, and impaired wound healing in elective
surgery. For instance, patients trained in relaxation techniques were found to have
less pain 1, 3, and 30 days after cholecystectomy and were quicker to return to
normal daily activities [60]. The studies reported were widely heterogeneous but
the authors conclude that the psychosocial status may influence surgical recovery
and psychological preparation for surgery may improve outcomes.

In our previous randomized controlled trial, moderate (5.6%) or high (10.2%)
levels of anxiety were associated with improvement in functional walking capacity
during the prehabilitation phase. However, during the follow-up period, anxiety
was a significant predictor of worsened recovery to baseline functional capacity,
with average values -9.7% below baseline for patients with Hospital Anxiety and
Depression scale score of 5 to 7, and -14.1% for those with scores above 8 (above 7
is considered clinical anxiety) [27].

2.4 Summary

Physical activity is an integral part of healthy life for everyone, but especially
for older adults. Higher levels of physical activity is protective against mortal-
ity, morbidity, and disability. Patient with low physical fitness are less able to
confront the stress of colorectal surgery and are at higher risk for complications.
Prehabilitation may have a role to play in enhancing fitness before surgery. There
is one study of prehabilitation in abdominal surgery other than from our group
and this study has shown only improved inspiratory muscle function, but no

improvement in functional capacity, questionnaire scores, or quality of life. Our
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own previous randomized controlled trial found no benefit to an intense stationary
cycling program when compared with general recommendations for walking and
breathing. Studies of prehabilitation in cardiovascular and orthopedic surgery have
only shown benefit for inspiratory muscle training and reduction of pulmonary
complications. No clear advantage has been found for improving overall functional
capacity. The applicability of this data to colorectal cancer patients is questionable
due to the nature and location of the surgery. Finally, none of these studies use
modes other than exercise to achieve enhancement of functional recovery.

Nutritional supplementation with whey protein has multiple advantages.

For patients a small proportion of patients who may already be malnourished or
who are losing weight, it may act as a nutritious supplement to help counteract
weight loss. For the majority of patients, starting an exercise program increases
protein intake requirements. Whey protein, when used in combination with an
exercise program, can ensure the appropriate substrate is available for optimal
development of muscle mass and can promote greater gains in muscle strength.
Finally, though theoretical, there may be potential oncologic benefits through
immunoenhancement.

The preoperative period can also be a difficult time period for patients
awaiting colorectal cancer surgery. It is often filled with anxiety and self-searching.
Anxiety has multiple subtle impacts on not only mental well-being but also on
immunological parameters, perception of pain, and wound healing. In our previous
randomized trial, although patients who were anxious were more likely to increase

their functional capacity during the prehabilitation phase, in the end, they were
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less likely to have recovered to baseline on follow-up evaluation. Anxiety was
therefore seen as a barrier to postoperative recovery. There is promise that the
addition of a psychological intervention based on anxiety reduction and relaxation

may help quicken recovery and return to baseline function.
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3.1 Manuscript Abstract

BACKGROUND: Patients undergoing colorectal cancer resections are at risk for
delayed recovery. Prehabilitation aims to enhance functional capacity preopera-
tively in order to better tolerate surgery and to facilitate recovery. We previously
demonstrated limited impact of a prehabilitation program using exercise alone.
We propose an expanded trimodal prehabilitation program that adds nutritional
counseling, protein supplementation and anxiety reduction to a moderate exercise
program. The purpose of this study was to estimate the impact of this trimodal

program on recovery of functional capacity compared to standard surgical care.

METHODS: Consecutive patients were enrolled in this pre/post intervention

study over a 23-month period. Postoperative recovery in 42 consecutive patients
enrolled in the prehabilitation program was compared with a cohort of 45 patients
assessed before the intervention began. The primary outcome was functional
walking capacity (Six-minute walk test (6MWT)). Secondary outcomes included
self-reported physical activity (CHAMPS questionnaire) and health-related quality
of life (SF-36). Data are expressed as mean + sd or median[IQR], and analyzed

using x? and Student’s ¢ tests. P < 0.05 was considered significant.

REsuLTs: The prehabilitation and control groups were comparable in age,
gender, BMI and ASA class. There was no difference in walking capacity at
first assessment (6MWT distance 422 4+ 87m vs 402 £ 57m, p = 0.21). During
the prehabilitation period lasting a median 33 [21-46] days, functional walking

capacity improved by 42 + 41m (p < 0.01). Postoperative complication rates and
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duration of hospital stay were similar. Patients in the prehabilitation program had
better postoperative walking capacity at both 4 weeks (mean difference 51.5 4+ 93m,
p = 0.01) and 8 weeks (84.5 + 83m, p < 0.01). At 8 weeks, 81% of prehabilitated
patients were recovered compared to 40% in the control group (p < 0.01). The
prehabilitation group also reported higher levels of physical activity before and

after surgery.

CoNcLUSION: In this pilot study, a one-month trimodal prehabilitation program

improved postoperative functional recovery.
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3.2 Introduction

There were an estimated 100,000 new cases of colon cancer in the United
States in 2010 [61]. Despite recent advances in surgical, anesthetic, and periop-
erative care for colon surgery, morbidity is significant and patients are at risk for
prolonged recovery. A large study identified colorectal resection as the general
surgery operation with the greatest burden of adverse events and excess hospital
stay [62]. With efforts focused on improving the quality of surgical care, there is
increasing awareness that major postoperative complications may be driven more
by patient rather than surgical factors alone [63].

The implementation of an Enhanced Recovery After Surgery program (“fast
track surgery”) reduces duration of hospital stay by 2 days after colorectal
surgery [18]. However, patient-centered outcomes of functional capacity suggest
that patients are not fully recovered even at 6 to 9 weeks after major abdominal
surgery [22,64]. Poor preoperative physical fitness predicts mortality and major
complications [32,34] and delayed functional recovery after abdominal surgery [65].

Attempts to improve recovery have tended to focus on the intraoperative
(e.g. laparoscopic surgery, thoracic epidural) and postoperative (e.g. enhanced
recovery pathways) periods. However, intervening in the preoperative period to
modify factors like poor physical fitness contributing to morbidity and delayed
recovery is an attractive strategy. In cancer patients awaiting surgery, a 5 week
preoperative exercise program was sufficient to measurably improve cardiorespira-

tory fitness and muscle strength [66]. Interventions designed to improve functional



26

capacity in anticipation of an upcoming stressor such as surgery have been termed
“prehabilitation” [25].

We previously reported a randomized study of an exercise-only prehabilitation
intervention in colorectal surgery [26]. Patients were randomized to either an
intense exercise regimen based on daily biking (intervention group) or a “sham”
intervention consisting of a recommendation to walk daily and do breathing
exercises (control group). The primary outcome was walking capacity as measured
by the six-minute walk test (6MWT). Adherence to the recommendations was low,
with only 33% improving during prehabilitation and 29% deteriorating despite
the intervention. There was an unexpected benefit from the recommendation to
increase walking and breathing, with more people in the control group showing
an improvement in walking capacity both prior to surgery and after surgery. A
reanalysis demonstrated that regardless of the type of exercise received, patients
who improved during the prehabilitation period were more likely to have recovered
nine weeks postoperatively [27].

Many factors may have influenced the results of our previous study. First,
adherence to the intense stationary-bicycle based exercise program was low and
results were poor. Colorectal cancer patients can have alterations in digestion from
symptoms of the disease and changes to metabolism causing increased protein
breakdown. Up to half of patients awaiting colon cancer surgery exhibit weight
loss and up to one in five is malnourished [42]. Adequate protein substrate is
necessary to allow for successful muscle gain during a physical exercise regimen,

but nutritional status was not assessed or controlled for in this previous study.
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Moreover, while anxious patients showed a greater improvement in functional
capacity during the prehabilitation period, they were ultimately less likely to
recover to baseline after surgery [27]. Finally, perioperative surgical care was not
standardized by an enhanced recovery pathway. These results suggested that

an intervention based on exercise alone may not have been sufficient to enhance
functional capacity if factors such as nutrition, anxiety, and perioperative care were
not taken into consideration during the program.

In view of this, we formulated a new prehabilitation intervention adding
nutritional and anxiety reduction interventions to a moderate exercise program.
The goal of the nutritional intervention was to guarantee sufficient substrate to
allow optimal effects of exercise. Whey proteins are a by-product of cheese making
and serve as a highly nutritious supplement that can act synergistically with
exercise to increase protein synthesis and muscle endurance [67,68]. In a 6 week
exercise program, participants were found to have significant increases in strength
gained while taking 1.2 grams per kilogram body weight in daily whey protein [49].
Whey proteins are also rich in essential and branched-chain amino acids and have
shown both anti-inflammatory and immune-modulating properties [69, 70]. The
goal of the anxiety reduction component was to allow patients to express their
concerns to a psychologist and to become familiar with calming exercises used to
reduce their perceived anxiety levels.

The purpose of this study was to estimate the impact of this new trimodal
prehabilitation program on functional recovery after colorectal cancer surgery in

the setting of an enhanced recovery pathway.
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3.3 Methods
3.3.1 Subjects

Consecutive patients awaiting elective surgery for primary colorectal cancer
were assessed for enrollment in this prospective pre-post intervention study from
July 2009 to September 2011 at a university teaching hospital. The trimodal
prehabilitation intervention was initiated in September 2010. Postoperative
recovery in patients enrolled in the trimodal prehabilitation program (intervention
group) was compared with a cohort of 45 patients studied prior to the initiation
of the intervention (control group). Inclusion criteria included adults with a
colonic or rectal malignancy planned for resection. Exclusion criteria were the
presence of metastatic disease or of any medical condition precluding the safe
use of physical activity, and any patient unable to understand English or French
sufficiently to accurately complete the questionnaires. Patients in both groups were
cared for by one of three fellowship-trained colorectal surgeons and perioperative
care was guided by a standardized enhanced recovery pathway established in our
institution since 2008 [71]. Baseline patient characteristics, operative data, and
postoperative complications were collected prospectively. The study was approved
by the Research Ethics Board of the McGill University Health Centre.

Between July 2009 and September 2010, patients were approached at the
preoperative centre and after consent was obtained, enrolled in the control
group. They were assessed at three time points: At the time of recruitment
(approximately one week prior to surgery), and at four and eight weeks after

surgery. Starting in September 2010, patients were referred from the colorectal
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clinic after a decision was made to proceed with surgery (Figure 3—-1). At the

initial visit, the prehabilitation program was explained and informed consent

obtained. Following a medical examination, patients met with the kinesiologist,

nutritionist, and psychologist and baseline measures were obtained (see below

for measures and interventions). Subjects then initiated the prehabilitation

intervention at home. Length of prehabilitation was determined by the wait time

until surgery alone. As in the control group, the intervention group was reassessed

one week before surgery at the preoperative centre, and at four and eight weeks

after surgery.

INTERVENTION

Sep 2010 - Sep 2011

Prehabilitation Period

Home exercise program:
Aerobicand resistance
50% of maximal heart rate
20 minutes 3x per week

CONTROL
Jul 2005 - Sep 2010

¥

> Preoperative assessment

Recruitment at colorectal clinic
and haseline assessment

Nutritional counseling:
Whey-protein supplementation

Anxiety reduction:

2.5h preop. and 1h postop.
Reinforce partidipation

CD for relaxation exercises

1 week prior to surgery

4 weeks postoperative assessment

v

8 weeks postoperative assessment

Figure 3-1: Flow diagram describing timing of patient assessments and interven-
tions. All assessments included walking capacity (6MWT), self-reported physical
activity (CHAMPS) and health-related quality of life (SF-36)
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3.3.2 Interventions

Ezercise

Exercise remained the mainstay of the prehabilitation program. We combined
moderate aerobic exercise with resistance training. A kinesiologist met with pa-
tients for one hour and planned an individualized exercise program and schedule.
Patients were asked to walk or to use an aerobic exercise machine for 30 minutes
three times a week. Target exercise intensity was set at half of calculated maximal
heart rate (220 — age) and was measured by the patient with a provided heart rate
monitor. Resistance exercises consisted of calisthenics and elastic band movements
performed three times a week to volitional fatigue.

Nutrition

Patients enrolled in the prehabilitation program were evaluated by a nutri-
tionist in a one-hour visit. A subjective global assessment was carried out and
one to two modifiable dietary behaviours such as excess alcohol or fat intake were
identified and discussed with the patient [72]. Patients were provided with whey
protein isolate (Vitalus Nutrition Inc, Abbotsford, Canada) which was used as
nutritious food supplements in order to guarantee a daily intake of 1.2 grams per
kilogram body weight of protein. Recipes to make intake palatable were given.
Patients were asked to consume protein preferably within one hour of their exercise
regimen.

Anziety Reduction

Preoperatively, patients were scheduled for a ninety-minute visit with a

trained psychologist focusing on providing anxiety reduction techniques such as
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relaxation exercises and breathing exercises. These exercises were mirrored on a
compact disc for home practice. A primary goal of the psychological component
was to enhance and reinforce patients’ motivation to comply with the exercise and
nutritional aspects of the intervention.
3.3.3 Outcomes and measures

The primary outcome was functional walking capacity as measured by the
six-minute walk test (6MWT) 8 weeks after surgery. The 6MWT evaluates the
capacity to maintain a moderate level of walking and reflects capacity to perform
activities of daily living. In the 6MW'T, the patient is asked to walk along a
15-meter stretch of corridor at a pace that would make them feel tired by the
end. The total distance walked in six minutes is recorded in meters. Chairs are
arranged along the corridor to allow for resting if needed, though any time spent
resting is counted within the six minutes. Standard motivational messages are
given at each minute as per American Thoracic Society guidelines [73]. Age and

gender-specific predicted distances can be calculated from the following formula:
Distance walked in six minutes(m) = 868 — (age x 2.9) — (female x 74.7)

where age is in years and the value “1” is assigned for females [74]. There is
evidence for the validity of the 6MWT as a measure of recovery after colorectal
surgery [75].

Secondary outcomes included complication rates, self-reported physical
activity and health-related quality of life. Complications were graded by severity

using the Dindo-Clavien classification, in which grade I complications require
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bedside management, grade II require pharmacological treatment, and grade III
and IV complications require surgical or radiological intervention, or intensive care
treatment respectively [76].

Self-reported physical activity was measured by the Community Healthy
Activities Model Program for Seniors (CHAMPS) short-form questionnaire. In the
CHAMPS questionnaire, subjects estimate the number of hours spent performing
listed activities of various intensities in the previous week. An estimate of the
caloric expenditure associated with each activity is used to calculate weekly energy
expenditure in kilocalories per kilogram per week. A 3 kcal/kg/week difference
is equivalent to 1 hour of moderate intensity activity [77]. Available evidence
supports the validity of the CHAMPS questionnaire as a measure of recovery of
physical activity after elective surgery [78].

Health-related quality of life was measured using the Medical Outcomes Study
36-Item Short-Form Health Survey (SF-36). This survey assesses eight domains of
health including physical function, role physical, role emotional, social functioning,
bodily pain, general health, vitality, and mental health. Each domain is assessed
on a 0-100 scale, with higher scores indicating better quality of life. Two summary
scores- the physical component summary (PCS) and mental component summary
(MCS)- have been standardized to have a mean of 50 and standard deviation of 10.
Canadian population norms are available [79].

Emotional health was measured using the Hospital Anxiety and Depression
Scale (HADS) for patients undergoing the prehabilitation intervention. HADS

contains 7 items each scored from 0 to 3 points for anxiety and for depression.
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It provides summary measures on a 0-21 scale, with scores over 8 suggesting the
presence of a mood disorder [80].
3.3.4 Statistical methods

To minimize potential bias from missing data (8 week 6MWT was missing
in 5 patients in prehab group), multiple imputation was performed. Twenty
imputations were created based on age, gender, comorbidities, complication
profile, 6BMWT results, and CHAMPS and SF-36 responses [81]. Functional data is
presented as an aggregate of all imputations taking into account variance between
and within imputations using Rubin’s rules. Continuous variables modeled
by a normal distribution were reported as mean4+SD and compared using an
independent Student’s t-test. Non-normal data was reported as median [IQR]
and compared using a non-parametric Wilcoxon rank-sum test. Categorical
variables were compared using Pearson’s x? test or Fisher’s exact test. We used
20 meters, considered to be the error of measurement of the 6MWT in the elderly
population to categorize change [82]. If a patient’s 6MWT was within 20 meters
of their previous result, this change was not considered to be clinically meaningful.
Multiple linear regression was used on imputed data to evaluate the predictors
of recovery of functional walking capacity at 8 weeks postop. Standard errors
accounted for variance both between and within imputations. A probability level
less than 0.05 was considered significant. Statistical analyses were conducted using
R version 2.14 (R Foundation, Vienna, Austria). Multiple imputation and analysis

were performed using the Amelia IT and Zelig packages respectively [83,84].
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3.4 Results

Fifty-two patients were assessed for eligibility for prehabilitation: Five
declined participation and 1 did not have sufficient time for prehabilitation before
surgery. Of the remaining 46 patients enrolled in the prehabilitation intervention, 3
did not have any postoperative visits and 1 had benign disease on final pathology.
A total of 42 patients were thus analyzed in the prehabilitation group and were
compared to the control group of 45 patients. Five patients in the prehabilitation
group were lost to follow-up at 8 weeks after the operation. There were no
significant differences between patients who had missing data and those who
did not with respects to baseline and operative characteristics, complications, or
functional data (data not shown). The prehab and control groups were similar at
first assessment with respect to age, gender, body mass index, American Society of
Anesthesiologist classification, and location of tumour. There were no differences
with respect to functional walking capacity and self-reported physical activity
levels at enrolment into the study (Table 3-1).

In the intervention group, the median duration of prehabilitation was 33 [21-
46] days. At the end of this period, 6MWT increased by 42 + 41 meters (p < 0.01)
and self-reported weekly physical activity energy expenditure increased by a
median 14 kilocalories per kilogram (p < 0.01). Moreover, no patient deteriorated
during the prehabilitation period and 64% of patients improved by more than 20
meters. Serum albumin was measured in 17 patients and remained stable during
the prehabilitation period (3.9 £+ 0.5 g/dL to 3.8 4+ 0.4 g/dL, mean change of

—0.15+£ 0.3 g/dL , p = 0.08). Symptoms of anxiety and depression also decreased
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Table 3-1: Patient characteristics at study enrolment

Control (n=45)* Prehabilitation (n=42)* p-value®

Age, years 66.4 + 12 67.4+ 11 0.69
Male gender 22 (64%) 22 (54%) 0.35
ASA class 0.59
[ 6 (13%) 3 (7%)
IT 29 (65%) 31 (74%)
I11 10 (22%) 8 (19%)
BMI at first assessment, kg/m? 26.9+6 275+4 0.61
6-minute walk test, m 402 £ 57 422 + 87 0.21
6-minute walk test, % predicted 62+9 66 £ 12 0.10
Self-reported physical activity,
keal/kq/week 20 [9-32] 16 [10-36] 0.79
SF-36 questionnaire:
Physical function 80 424 82+ 21 0.61
Role physical 58 + 43 71+ 42 0.18
Bodily pain 78 £29 78+ 24 0.99
General health 69 £+ 24 72+ 17 0.47
Vitality 59 4+ 23 64 4+ 21 0.27
Social function 69 £+ 44 88 £ 25 0.01
Role emotional 72+ 26 83 £ 19 0.03
Mental health 70 £ 23 e==n Vi 0.13
Physical component summary 47 + 11 47 £ 10 0.93
Mental component summary 45 + 14 51 £ 10 0.01
HADS-Anxiety score 5 [3-9]
HADS-Depression score 3 [1-4]

2 Data expressed as mean+SD, N(%), or median[IQR]
b Independent Student’s ¢ test or Fisher’s exact test or Wilcoxon’s rank-sum test as
appropriate
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significantly by a median of 1 point during prehabilitation (p = 0.04 for anxiety
and p < 0.014 for depressive symptoms). The control group was only assessed
immediately prior to surgery so changes during the preoperative period could not
be assessed.

Perioperative variables are presented in Table 3—2. The most frequent oper-
ation was anterior or low anterior resection. The use of laparoscopy was routine
both in the control and intervention groups (93% and 81%). The proportion of
patients receiving a stoma was similar between groups (44% and 36%). There were
no differences in incidence or severity of postoperative complications. The overall
morbidity rate was 44% and 36% respectively, and very few were classified as grade
III (2% and 5%). Median hospital length of stay was 4 days in both groups.

During the period of postoperative recovery, functional exercise capacity
(6MWT) and self-reported physical activity were higher in the prehabilitation
group compared to the control group, both at four weeks and eight weeks after
surgery (Table 3-3). The trajectory of change of functional walking capacity is
illustrated in Figure 3—2 demonstrating its preservation in the prehabilitation
group. While patients in the intervention group were on average back to baseline
by 4 weeks postoperatively (p = 0.21), the control group remained below their
preoperative level (p < 0.01). Moreover, at 8 weeks postoperative, patients who
had undergone prehabilitation were 37 + 70 meters (p < 0.01) above their baseline
values in functional walking capacity and 10 4 48 kcal /kg/week (p = 0.174) above
baseline self-reported physical activity levels. A significantly greater proportion

of prehabilitated patients were recovered or above baseline at 8 weeks (81%)
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Table 3-2: Surgical information and outcomes

Control (n=45)* Prehabilitation (n=42)* p-value®

Surgery type, 0.64

Right hemicolectomy 9 (20%) 12 (28%)

Left hemicolectomy 1 (2%) 2 (5%)

Transverse colectomy 1 (2%) 0

Sigmoidectomy 3 (7%) 5 (12%)

Anterior resection 11 (24%) 5 (12%)

Low anterior resection 17 (38%) 15 (36%)

Abdominoperineal resection 3 (7%) 3 (7%)
Stoma 20 (44%) 15 (36%) 0.54
Laparoscopic approach 42 (93%) 34 (81%) 0.11
Surgery duration, minutes 215+ 74 203 £ 70 0.45
Length of stay, days 4 [3-6] 4 [3-6] 0.71
Complication grade, 0.67

None 25 (56%) 27 (64%)

Grade I 10 (22%) 6 (14%)

Grade II 9 (20%) 7 (17%)

Grade III 1 (2%) 2 (5%)

2 Data expressed as mean+SD, N(%), or median[IQR]
> Independent Student’s ¢ test or Fisher’s exact test or Wilcoxon’s rank-sum test
as appropriate
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compared with controls (40%) (Figure 4). A post-hoc power analysis looking
at the change in functional walking capacity from first assessment to 8 weeks

postoperative resulted in a power of 0.99.

Trajectory of change in functional walking capacity

500

)

e(m

450+

Intervention
-O- Control
-O- Prehabilitation

N

=)

S
L

Six-minute walk test distanc

350

T T T T
Baseline Preoperative_ 4 weeks 8 weeks
Time of assessment

Figure 3-2: Trajectory of change in functional walking capacity as measured by
the 6-minute walk test. Mean and 95% confidence interval are displayed.

Health-related quality of life (HRQL) is presented in Table 3-4. General
health, vitality, and mental health scores were higher in the prehabilitation group
throughout the length of the study, including at enrolment. The prehabilitation
intervention did not result in any clinically or statistically significant increases in

any domains of health-related quality of life.



39

Table 3-3: Functional outcomes (imputed data)

Control (n=45)* Prehabilitation (n=42) p-value®

Six-minute walk test, m

Baseline 422 £ 87 0.214
Preoperative 402 + 57 464 + 92 <0.01
4 weeks postoperative 356 £ 71 407 £ 111 0.01
8 weeks postoperative 375 £ 58 459 £+ 101 <0.01
Self-reported physical activity,
keal/kg/week
Baseline 17 [10-36] 0.69¢
Preoperative 20 [9-32] 36 [19-74] <0.01
4 weeks postoperative 3 [0-7] 18 [8-55] <0.01
8 weeks postoperative 8 [0-30] 23 [11-52] <0.01
HADS-Anxiety score
Baseline 5 [2.3-8.8]
Preoperative 4 [2-6]
4 weeks postoperative 3 [0-6.8]
8 weeks postoperative 4 [1-7]
HADS-Depression score
Baseline 2.5 [1-4]
Preoperative 1 [0-2]
4 weeks postoperative 2 [1-3.8]
8 weeks postoperative 2 [1-3.5]

2 Data expressed as mean+SD, N(%), or median[IQR]

> Owing to missing data, the number of observations ranges from 37 to 42
¢ Independent Student’s ¢ test or Wilcoxon’s rank-sum test as appropriate
4 Compared to the first (preoperative) assessment in the control group
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Change in self-reported physical activity
Baseline Preoperative 4 weeks 8 weeks
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Figure 3-3: Change in self-reported physical activity as measured by the CHAMPS
questionnaire. Median and quartiles are displayed.

Table 3-4: Health-related quality of life as measured by the SF-36 (imputed data)

Component Norms Control® Prehabilitation® p-value?
Physical function 75.7

Baseline 82+ 21 0.61°¢

Preoperative 80+£24 80422 0.94

4 weeks postop. 7T0£28 64+29 0.32

8 weeks postop. 71+31 73+25 0.76
Role physical 76.2

Baseline 71+ 42 0.18

Preoperative 58 £43 74+ 38 0.07

4 weeks postop. 37+43 37143 0.92

8 weeks postop. 58 +40 58 +£40 0.99
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Component Norms Control® Prehabilitation® p-value?
Bodily pain 74.0
Baseline 78 +£24 0.99
Preoperative 7T8+29 77+ 23 0.81
4 weeks postop. 59+24 67+ 22 0.11
8 weeks postop. 72424 T5+24 0.55
General health 73.5
Baseline 72+ 17 0.47
Preoperative 69+24 75116 0.16
4 weeks postop. 65+20 75418 0.02
8 weeks postop. 66 £ 18 69+ 17 0.49
Vitality 67.7
Baseline 64 + 21 0.27
Preoperative 59 +23 68 +20 0.05
4 weeks postop. 54+22 61419 0.11
8 weeks postop. 584+21 6517 0.09
Social function 87.0
Baseline 88 + 25 0.01
Preoperative 69 +£44 84 4+ 27 0.06
4 weeks postop. 59 +£47 59 £+ 46 0.98
8 weeks postop. 7H+38 T75+36 0.93
Role emotional 80.3
Baseline 83+ 19 0.03
Preoperative 72426 82+21 0.07
4 weeks postop. 63 +32 72126 0.14
8 weeks postop. 71428 79+ 18 0.04
Mental Health 79.4
Baseline (==Y 0.93
Preoperative 70+£23 77+18 0.17
4 weeks postop. 69 +23 76+ 18 0.11
8 weeks postop. 70+£21 79418 0.04
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Component Norms Control® Prehabilitation® p-value?

Physical Component Summary 50

Baseline

Preoperative 47+ 11
4 weeks postop. 40+ 9
8 weeks postop. 44 + 12

Mental Component Summary 50

Baseline

Preoperative 45+ 14
4 weeks postop. 44 + 14
8 weeks postop. 46 £ 11

47+ 10
48 £8
40 £8
44+ 11

51 £ 10
50 £ 10
48 £ 13
51 £ 10

0.93
0.69
0.95
0.99

0.01
0.02
0.12
0.05

@ Data expressed as mean+SD

¢ The number of observations ranges from 41 to 45
> The number of observations ranges from 37 to 42

4 Independent Student’s ¢ test

¢ Compared to the first (preoperative) assessment in the control group

A fully adjusted multiple linear regression analysis was done on imputed data

using the change in six-minute walk test from the enrolment in the study to the

last evaluation as a measure of recovery from surgery (Table 3-5). After adjusting

for a priori factors age, gender, body mass index, ASA classification, the use of a

stoma, a low mental component summary score, and the presence of complications,

the prehabilitation intervention remained a significant predictor of a positive

change in functional capacity (average +64m, p < 0.01). As expected, patients

with complications of grade II (—29m, p = 0.07) and of grade III (-96 m, p = 0.02)

had poorer functional recovery. A simplified model was selected using Bayesian
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1
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Control Intervention
.Below baseline (< -20m) .At Baseline (-20m to +20m) Above Baseline (> +20m)

Figure 3—4: Proportion of patients having recovered to baseline functional walk-
ing capacity at 8 weeks after surgery. Patients are divided into the following
groups: below baseline (<-20m), at baseline (—20m to +20m), and above base-
line (>+20m).
Information Criteria with no difference in point estimates compared to the fully
adjusted model.
3.5 Discussion

The goal of prehabilitation is to enhance the functional capacity of patients
during the waiting period for surgery. In the present study, a trimodal prehabili-

tation program consisting of moderate intensity physical exercise supported with

nutritional supplementation and with anxiety reduction techniques resulted in a

43
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Table 3-5: Fully adjusted and simplified models showing significant fac-
tors influencing recovery of functional walking capacity from first to last

assessment (imputed data)

Model 12 Model 2P

Variable I5; 95% CI° I5; 95% CI°
Intercept -31.9 -78.2, 14.4 -20.1 -35.8, -4.5
Prehabilitation vs controls  63.6 39.5, 87.7 65.5 43.5, 87.5
Complication (Clavien
grade) vs 0 or I

Grade II -28.5 -69.2, 2.1 -27.7 -55.0, -0.4

Grade 111 -95.6 -156.8, -34.4 -97.7 -155.7,-39.8

& Adjusted for other variables in the table and the following nonsignif-
icant prognostic variables: Age (referent is < 75 years; >= 75 years
26%, 5 = -2.4, CI = -30.8, 26.0), gender (referent is female; male 59%,
B =-1.2, CI = -23.5, 25.9), body mass index (referent is < 30 kg/m?;
>= 30 kg/m? 65%, B = -8.0, CI = -33.6, 17.7), stoma (referent is
no stoma; stoma 40%, 8 = -9.0, CI = -33.3, 15.4), and SF-36 mental
component summary (referent is >= 50; < 50 45%, 5 = 9.0, CI =

-15.9, 33.9)

b Simplified model selected according to Bayesian Information Criteria

and adjusting only for other variables in the table

¢ Confidence intervals are representative of variance within each imputa-
tion and between all imputations
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significant improvement in functional walking capacity in the intervention group;
64% improved by more than 20 meters and no patients deteriorated while awaiting
surgery. This improvement was associated with faster postoperative recovery in
the intervention group compared the control group, with the great majority (81%)
of patients having recovered by 8 weeks after surgery compared with only 40%
recovered in the control group. In a previous trial, despite an exercise-alone inter-
vention, functional exercise capacity improved in only 33% and actually decreased
in 29% of patients during the prehabilitation period [26].

In multivariate analysis, after adjusting for other confounders, we found
that a benefit of 64 meters was independently attributable to participation in the
trimodal prehabilitation program, a change equivalent to approximately 15% of the
mean functional walking capacity at baseline. It is unclear whether this represents
a clinically relevant change as there is no information on the minimal clinically
important difference in 6MW'T for surgical patients. However, in cardiopulmonary
disease and in geriatric populations, a change of 50 meters on the 6MWT is seen
as clinically meaningful [85, 86].

Health-related quality of life measures were similar at first assessment between
groups except for the role emotional and social function components. This may
be explained by the fact that the questionnaire was based on a 4 week recall
and the values for the prehabilitation group were taken just after meeting with
the colorectal surgeon, whereas the values for the control group were taken
immediately preoperatively. In the 4 weeks before meeting the colorectal surgeon,

patients usually lead a relatively normal life whereas in the 4 weeks coming up
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to a planned surgery, social and emotional function may be impaired. Patients
tended to report better role physical and more feelings of vitality upon completion
of prehabilitation. However, the prehabilitation intervention itself did not result
in significant changes in quality of life between baseline and preoperative values
and groups were comparable during the recovery phase. Quality of life may be
too general a concept and the SF-36 questionnaire too generic to capture changes
related specifically to our prehabilitation intervention.

The length of the prehabilitation period was the time from the first visit to
the colorectal surgeon to the date of operation and was about one month. There
was no influence of the prehabilitation program on timing of surgery, and no
attempt to tailor the length of prehabilitation. The Canadian Society for Surgical
Oncology recommends initiating treatment, including surgery, within two weeks
of diagnosis [87]. In the last decade in Canada and in the United States, wait
times for colon cancer surgery have increased and are likely to continue to rise due
to increased volumes and specialization of care [88,89]. Although there is little
evidence that longer wait times directly impact surgical outcomes, patients waiting
for surgery do experience heightened levels of anxiety and frustration [54]. Exercise
is associated with a reduction in anxiety and depression levels [90]. The inclusion
of a psychological intervention focusing on stress reduction was chosen in this
study as it can also reduce anxiety levels during this emotionally difficult period.

Complications after surgery are related to a combination of surgical, systems
and patient factors. With an aging population, the comorbidities and charac-

teristics of patients at the time of surgery pose significant challenges for quality
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improvement. Preoperative physical condition has been associated with postop-
erative complications [34]. In patients with cardiopulmonary disease, a 6MWT
less than 350 meters predicts mortality [85]. In colorectal surgery patients, we
found that a baseline 6MWT below 392m predicts cardiopulmonary complications
(unpublished data). However, unlike most other comorbidities, poor preoperative
physical condition is a potentially modifiable risk factor and is the main target for
a prehabilitation intervention. In the present study where all adult patients with
colorectal cancer were eligible and patients with poor baseline physical capacity
were not specifically targeted, the rate of major complications was relatively low
and equal between the two groups. Whether targeting prehabilitation interven-
tions specifically to patients with poor baseline functional walking capacity could
prevent complications is an attractive hypothesis that remains to be investigated.
It is not clear which component of the trimodal prehabilitation program had
the largest effect on enhancing functional capacity. It is, however, clear to us that
a program based on exercise alone cannot be sufficient if other factors such as
nutritional and psychological care are not taken into account, if only to support
compliance and effectiveness of the exercise program. We previously reported
limited impact of an intensive biking intervention on functional capacity. Only
16 percent of patients were fully compliant with the intensive biking intervention.
Patients, especially the frail and elderly, may have been intimidated by the
physical demands of the program or found the program to be too difficult [26].
With this in mind, we were more moderate with recommended exercise intensity

and decreased the frequency of aerobic exercise from daily to three times per
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week. We also allowed patients to choose their preferred type of exercise, which
may also have reinforced compliance by encouraging them to perform an exercise
they already find enjoyable. From weekly phone call logs, about 70% of patients
reported exercising at least two days a week, with 45% reporting full compliance
during the prehabilitation period. There was also a significant increase in self-
reported physical activity that persisted after the surgery. The exercise component
may be an important adjunct to an enhanced recovery pathway where early
ambulation is thought to play an important role.

In the current study, the goal of the nutritional component was to provide op-
timal protein intake in the context of an exercise regimen by supplementing their
diet with whey-protein. Study patients did not show clinical signs of malnutrition
when assessed by nutritional history, and the average albumin levels when available
were normal at baseline and did not change during the prehabilitation period.
Given the gains seen in functional walking capacity, the addition of nutritional
management and supplementation to exercise may have helped patients to secure
the adequate protein substrate for building muscle mass.

The preoperative period is a time of uncertainty for patients who often must
face the unknown of both cancer and surgery [54]. Presence of preoperative psy-
chological distress may negatively impact surgical recovery [57,59]. Increased
physical exercise has been associated with an improvement in depressive symp-
toms [91]. During the prehabilitation period, patients showed a one point drop in
both the anxiety and depression scores on the HADS questionnaire. This drop,

though statistically significant, may not represent a large enough difference to
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impact clinical symptoms. A single one hour and a half session with a psychologist
would not be sufficient to begin psychological therapy. It rather allowed patients
to gain the tools to take control of anxious or stressful moments they could have
felt at home. The addition of this psychological component also served to reinforce
the importance of participation and was likely a factor in boosting compliance to
the physical exercise component. There is little literature currently on preopera-
tive psychological preparation by using anxiety reduction exercises. However, we
believe these exercises may be useful in allaying psychological distress by providing
the patients with strategies to deal with the stressful preoperative period.

There are several strengths to the study, including the use of an enhanced
recovery pathway in all patients to minimize differences in perioperative care.
A strength of the analysis was appropriate handling of missing data using mul-
tiple imputations, rather than excluding observations with missing data, which
decreases statistical power and may result in biased estimates of effect. There
are also several important limitations to our study. First, this is an observational
study and allocation to group was not randomized. Also, while the intervention
group were enrolled directly from the colorectal clinic when the decision for surgery
was made and then reassessed immediately before surgery, the control group was
enrolled in the preoperative clinic in the week preceding surgery and only had one
preoperative assessment. For the purposes of this study, we have assumed that

functional capacity did not change for control group patients during the wait time.
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Having this additional measure would have made baseline comparisons more accu-
rate and would have enabled better quantification of the trajectory of functional
capacity outcomes for untreated patients as they wait for surgery.

To conclude, a short period of trimodal prehabilitation comprising moderate
aerobic and resistance exercise, whey-protein supplementation, and anxiety
reduction improved functional walking capacity and was associated with better

postoperative recovery in patients undergoing colorectal cancer surgery.



CHAPTER 4
DiscussioN

4.1 TImprovement During Prehabilitation Phase

First of all, one of the aims of this pilot trial was to investigate the feasibility
and effect of a new, expanded prehabilitation intervention and its effect during
the prehabilitation period on functional walking capacity. We have found that
by combining moderate exercise with whey protein supplementation and anxiety
reduction strategies, functional walking capacity was improved on average by 42
meters. Moreover, 64% of patients saw an increase of more than 20 meters and no
patient in the entire prehabilitation group deteriorated by more than 20 meters
during the prehabilitation period.

These findings are in stark contrast with the limited existing knowledge in
the literature. Our previous exercise-only trial found that the average change
during the prehabilitation phase for the intervention (biking) group was -10.6
meters and for the control (walking/breathing) group, +8.7 meters. Moreover,
respectively 42% and 19% of patients had deteriorated during this time period [26].
Similarly, in Dronkers et al., despite scheduled biweekly outpatient training in
the intervention group, the training program was not found to have significant
impact on both Timed-Up-and-Go and chair rise time, which are measures of
functional ability. Physical work capacity was also unchanged as measured by cycle

ergometry from 29.4 + 9.5 ml/kg/min to 27.6 £ 6.5 ml/kg/min [37]. Thus, overall,

o1
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the two previous interventions to improve functional capacity prior to abdominal
surgery have been unsuccessful at achieving their goals and have produced either
mixed or negative results.

Some differences exist between the interventions given in the previous liter-
ature and our own trimodal intervention. The most important difference is the
change from an exercise-only training model to a multi-modality patient-centered
approach. While previous trials have focused on the effects of exercise alone, we
have combined exercise with nutritional supplementation and psychological coun-
seling, both of which were designed to support and enhance the effects of exercise.
Whey protein supplementation was added, for example, to better provide protein
stores for exercise and to enable greater strength and muscle gain. Our psycholog-
ical intervention was based on reducing anxiety, which was a significant predictor
of lessened postoperative recovery, and on improving compliance to exercise, which
was a major problem in our previous trial [27]. We were therefore able to improve
full compliance from 16% in the intensive biking program to 45% for our moderate
walking program, which no doubt has had a positive impact on our results.

Another issue may be the measurement of functional capacity that was used
in these previous trials. We used as outcome the Six-minute walk test, which is
a test of submaximal walking capacity. However, the intervention arm of this
previous trial trained patients on a stationary bicycle, and the skills that were
learned on the bicycle may not have transferred to a walking test [26]. Similarly,
the aerobic capacity was measured by cycle ergometry in Dronkers et al. though

the exercise specified for patients to do at home was either walking or cycling. It



33

is possible that patients who did not have access to specific equipment for cycling
would not have been able to practice under the same conditions as the cycling
tests they were to undergo [37]. In the current trial, the aerobic exercise that was
suggested was to walk either outside or in a mall. This exercise, first of all, was
more moderate in nature and started at 50% of maximal heart rate, which allows
patients to derive pleasure from participation and improved their compliance. The
previous intense biking exercise may have been to intense for a more frail, elderly
cancer population. Furthermore, training by walking allowed patients to directly
practice the skill they were required to demonstrate during performance of the
Six-minute walk test.

Moreover, due to our before and after study design, we did not recruit
patients at the colorectal clinic for our control group for baseline evaluation and
thus were unable to determine the change in functional capacity while waiting for
surgery. From our previous trial, however, we know that patients, regardless of
whether they received the biking or the “sham” walking/breathing intervention,
were likely to either stay at baseline levels or deteriorate [26,27]. Comparatively,
during the preoperative period, no recommendations for exercise are given as
standard of care. Given that exercise theoretically improves or at least mitigates
the deterioration in functional capacity, the most likely trend for patients waiting
for colorectal cancer surgery would be to stay the same or to deteriorate.

4.2 Prehabilitation and Postoperative Recovery
The length of hospital stay in both the prehabilitation and the control groups

was a median 4 days and overall complication rates were respectively 36% and
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44%. Very few patients had major complications (2% and 5% respectively) as
classified by a Clavien grade above III. These numbers are comparable with a
recent review of 297 scheduled laparoscopic colectomies performed at our centre,
which has also shown a median length of stay of 4 days and complication rates
hovering around 40% [92]. Comparatively, our exercise-only prehabilitation trial
showed average length of stays of 7.4 and 6.6 days and complication rates of
39% and 33% for the biking and “sham” groups respectively. However, major
complications were more common (11% and 6%).

Successful improvement in functional capacity during the prehabilitation
period is an attractive concept preoperatively as there have been a number of
trials linking improvement in functional capacity with decrease postoperative
complications [32, 34]. We have also shown that patients that improve during
prehabilitation were less at risk for postoperative complications [27]. However,
we did not see a significant difference in postoperative complications between
prehabilitation and control groups, though there was a raw decrease of 8%. During
an audit of recent 6MW'T data, we also found that a lower 6MW'T preoperatively
were more predictive of cardiopulmonary complications rather than overall
complications [36]. A reasonable interpretation is that a higher 6MWT distance
translates into improved aerobic capacity. It would be unlikely to see a difference
in postoperative complications that are related to surgical technique or that are
of infectious nature such as anastomotic leaks, wound infections, and urinary
infections in relation to improved aerobic capacity. Given the nature of colorectal

cancer surgery, cardiopulmonary complications do not form the bulk of the burden
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of morbidity and this trial was not designed with sufficient power to detect such a
change.

Other major differences between our current trial and previous trials include
the intraoperative and perioperative care period. In the surgical realm, we have
seen the adoption of laparoscopic colorectal surgery. The proportion of patients
operated using a laparoscopic technique as thus increased from 24% in the previous
trial to over 80% in the current trial. Perioperative care also changed such that
patients now follow a enhanced recovery pathway, which eliminates variability
in postoperative management and streamlines care. Enhanced recovery has been
associated with shorter hospital stay and some studies have shown decreases in
overall morbidity [18]. Laparoscopy also carries theoretical benefits mainly in
decreasing surgical stress and postoperative pain and has been shown to reduce
hospital stay when combined with enhanced recovery pathways [24]. Though it
is difficult to estimate the impact of these changes on postoperative recovery,
enhanced recovery pathways have enabled standardization of postoperative care
which may have had differential effects of patient recovery in previous trials.

The postoperative trend in functional walking capacity, self-reported physical
activity, and physical component summary all mirror the hypothesized theoretical
framework of recovery and prehabilitation as described in section 1.3.1. The
curve of functional walking capacity (Figure 3-2) shows, as predicted, a decrease
related to the insult of surgery which is measurable at 4 weeks postoperatively
and a gradual recovery during the following month. Similarly, patients report less

physical activity (Figure 3-3) 4 weeks after surgery than they do prior to surgery,
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and this recovers over time back to baseline values. Physical component summary
of the SF-36 shows a similar decline from 47 points at baseline to 40 points 4
weeks after surgery, with a recovery to 44 points by 8 weeks postoperatively in
both groups. These trends are all compatible with the idea of surgery-induced
decrease in function followed by a gradual return to normal. It is likely that
at 4 weeks, patients are already on the upwards path towards recovery from
the surgical insult, though the true nadir of these trajectories lies in the period
immediately after surgery or within the hospital period.

Eight weeks after surgery, we found that trimodal prehabilitation resulted
in patients who were on average 37 £ 70 meters above their baseline functional
walking capacity whereas control patients were on average 28 + 31 meters below.
Moreover, 81% of prehabilitated patients were considered to have recovered to
baseline functional walking capacity versus 40% in the control group. In our
previous trial, differences from baseline at follow-up evaluation were -28m and
-7m for the biking and “sham” intervention groups, with 53% and 66% considered
recovered to baseline respectively. Though not immediately comparable due to
sample characteristics, the timing of the evaluations were similar in the two trials.
The trimodal prehabilitation intervention was the only intervention that showed an
increase in the average change in functional walking capacity. The control group
from the current pilot study received only standard care and did not receive any
recommendations or programs. Therefore, they had worse results than the control
group from the previous prehabilitation trial as the current controls did not receive

any intervention or recommendation to mitigate the postoperative functional drop.
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Although our previous randomized trial was unsuccessful at showing a benefit
for a stationary biking program when compared to recommendations for walking
and breathing exercises, there could be some benefit to recovery in giving any
recommendation for maintaining or increasing physical activity both in the pre-
and postoperative period over standard care.

Despite improvement in functional walking capacity, patients in both our
prehabilitation and control groups were still on average 4 + 10 points below their
baseline SF-36 physical component summary scores, which is considered just below
the margin for a clinically meaningful change. Postoperative scores were especially
low for the role physical subscale at 37 + 43 points and 58 + 40 points at 4 and 8
weeks after surgery in both groups. Questions that contribute to the role physical
subscale have to do with limitation of physical activity. There are questions about
easy physical activities such as dressing or taking a bath, and there are questions
about difficult physical activities such as vigorous running, walking more than
a mile, and climbing stairs. Although patients may find that they are able to
complete a submaximal aerobic test such as the 6MW'T or even have improved
walking capacity on average, they may still feel limitations in difficult vigorous
activities.

4.3 Limitations

The most important limitation in our context is the lack of a true baseline
value for controls. Univariate baseline comparisons were done on data that
was not collected at the same time point, which may reduce the validity of

such comparisons. Moreover, when calculating the change from baseline values
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in functional walking capacity, we could not use a true baseline value for the
control group as they were not assessed at this time point. To palliate this,
we have assumed for our analysis that functional walking capacity would have
remained unchanged while waiting for surgery. We would currently estimate that
functional walking capacity is likely to stay the same or decline if no intervention
is given, since our previous randomized controlled trial showed non-significant
changes, including a trend for slight deterioration in the biking group and for slight
improvement for the “sham” intervention group.

Secondly, the trial is designed as a before and after prospective trial. This
introduces a time bias, as the control group was assessed in 2009 to 2010, and
the intervention group from 2010 to 2011. There were no specific changes to
perioperative or intraoperative care during these two years, though subtle changes
in surgical, anesthetic, and perioperative practice as well as environmental patterns
such as active life promotion in the hospital or the media may have had subtle
effects on the results. Although comparison between both groups on known
confounders at baseline have shown no differences, such unmeasured confounders
may introduce bias. This before-and-after design also means that there was no
blinding of the assessors as they knew which group the patient belonged in. Our
assessments are, for the most part, considered objective (the Six-minute walk
test does not, theoretically, depend on the interaction between assessor and
participant) and it would have been impossible to blind the patient to his or her

treatment.
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Furthermore, although the nutritional and psychological components were
designed to support the exercise program, it would have been interesting to
have collected more data to see the effects of these added interventions. For
example, better measurement of serum albumin and of C-reactive protein could
have enabled us to draw inferences on the effects of whey protein on albumin
synthesis and systemic inflammation. Moreover, we could have collected additional
data on body composition (fat and fat-free mass) using caliper measurements
or bioelectrical impedance analysis to better delineate the effect of exercise and
protein on different body components. Although we had height and weight
measurements at baseline, it would also have been interesting to follow these
measurements through time to see if patients who were overweight were able to
lose fat, or if patients who were underweight gained muscle mass. Other dynamic
measurements such as hand grip and knee extension strength could also have been
used to measure improvements in muscle strength related to resistance exercise.

There is also the issue that increase in compliance may be mediating the
difference in results when comparing the trimodal prehabilitation program to the
previous exercise-only program. Full compliance increased from 16 percent in the
exercise-only program to 45 percent in the current program. Although there is an
argument that increase in compliance may have mediated increase in functional
walking capacity, improving compliance is nonetheless an important goal of our
new trimodal program. Though without doubt, increasing compliance to the
exercise component may help improve walking capacity, motivating patients to

change their lifestyle, even momentarily in preparation for surgery, can be a major
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challenge. The anxiety reduction intervention also had as a goal to reinforce the
participation to the two other elements of the trimodal program. It is therefore
possible that the anxiety reduction component helped in increasing the exercise
performed by the patients, which in itself, is a worthwhile addition.

Finally, although we found a small decrease in the HADS anxiety and
depression score during prehabilitation, we had no similar information for the
control group as the HADS questionnaire had not been provided. It would also
have been interesting to have either a qualitative section or a questionnaire to
obtain patient satisfaction scores for the program. We did have some drop-out of
patients during the follow-up period and it would have been interesting to know
patients’ opinions about the program itself.

4.4  Future Considerations

This pilot trial was designed first and foremost as a proof of concept — that we
are able to use a prehabilitation intervention that successfully increases functional
capacity prior to surgery. With the current information that is available, it
becomes possible to plan a follow-up trial and to calculate sufficient sample sizes.

The follow-up trial would be designed as a double-arm randomized-controlled
trial, with one arm undergoing the prehabilitation program as described above,
and the second arm as a control group. If possible, we would blind the assessors
to the patient grouping and would recruit both groups at the colorectal clinic so
as to obtain true baseline values for the control group. Primary outcome would
remain functional walking capacity at 8 weeks after surgery as we believe that our

goal remains to find interventions that may help with patient recovery. Secondary
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outcomes would include postoperative complications, health-related quality of life,
anxiety and depression questionnaires, and I would add nutritional parameters
such as albumin, C-reactive protein, and patient weight at all time points.

For our sample size calculation, we can assume that we would find a similar
difference at 8 weeks postoperatively between the two groups. For our current
trial, the differences from baseline were respectively +37 4+ 70m in the prehabili-
tation group and —28 4+ 31m in the control group, which yields a mean difference
of 65m with a 95% confidence interval of 41m to 88m. The calculated effect size
of undergoing prehabilitation above controls is 1.20. Given a power analysis for
a two-tailed two-sample independent t-test with significance level set at 0.05, a
power of 0.95 and an allocation ratio of 1 to 1, we would require a total sample of
40 patients (20 per group). Therefore, to plan a future trial, we would recruit at
a minimum 20 patients per group to achieve sufficient power to detect the same

difference as we have seen with our current trial.



CHAPTER 5
CONCLUSION

Prehabilitation interventions have classically focused on one modality alone in
attempting to improve function before surgery. In the study, we have investigated
the effects of a prehabilitation program which incorporated a combination of three
interventions: a home-based moderate exercise program, nutritional counseling and
whey protein supplementation, and a relaxation and anxiety reduction component.

We have shown an significant increase in functional walking capacity during
the prehabilitation period and have thus confirmed the feasibility and effective-
ness of a multimodal approach to improving functional capacity. This increase
translated into better postoperative function both at 4 and 8 weeks, as predicted
by our theoretical framework of recovery. Despite this, the physical component
summary of health-related quality of life was not yet at baseline at 8 weeks after
surgery, portraying the continued challenge and need for investigating interventions
to improve recovery.

Data from this pilot trial have allowed the calculation of sample size estimates
for a randomized controlled trial, which may decrease potential bias and provide
us with higher levels of evidence for such a trimodal prehabilitation program. This

randomized controlled trial is ongoing (NCT01356264).
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Appendix A: Research Instruments - Short Form 36 Questionnaire

SF-36 HEALTH STATUS SURVEY / CANADA
Questionnaire

Date:

INSTRUCTIONS: This survey asks for your views about your health. This information will
help keep track of how you feel and how well you are able to do your usual activities.

Answer every question by marking the answer as indicated. If you are unsure about how to
answer a question, please give the best answer you can.

1. In general, would you say your health is:
(circle one)
Excellent . . . . . . . . . . . ... ... .1
Verygood ~ . . . . . . . . . . . . . ... .2
Good.- . . . . . . . . . . ... ... .. .3
Fair . . . . . . ... ... ... ... 4
Poor. . . . . . . . .. ... .. .....5

2. Compared to one year ago, how would you rate your health in general now?

(circle one)
Much better now thanone yearago. . . . . . . . . . 1
Somewhat better now thanoneyearago . . . . . . . . 2
About the same asoneyearago . . . . . . . . . . 3
Somewhat worse now thanone yearago . . . . . . . . 4
Much worse now thanone yearago. . . . . . . . . . 5

Copyright © 1994 Medical Outcomes Trust.
All rights reserved.
(SF-36 Standard English-Canadian Version 1.0)

72



3. The following items are about activities you might do during a typical day. Does your
health now limit you in these activities? If so, how much?
(circle one number on each line)
Yes, Yes, No, Not
ACTIVITIES Limited | Limited | Limited
AlLot | AlLittle | AtAll
a. Vigorous activities, such as running, lifting heavy 1 2 3
objects, participating in strenuous sports
b. Moderate activities, such as moving a table, pushing a 1 2 3
vacuum cleaner, bowling, or playing golf
c. Lifting or carrying groceries 1 2 3
d. Climbing several flights of stairs 1 2 3
e. Climbing one flight of stairs 1 2 3
f. Bending, kneeling, or stooping 1 2 3
g. Walking more than a kilometre 1 2 3
h.  Walking several blocks 1 2 3
i.  Walking one block 1 2 3
j. Bathing or dressing yourself 1 2 3
4. During the past 4 weeks have you had any of the following problems with your work or
other regular daily activities as a result of your physical health?
(circle one number on each line)
YES NO
a. Cut down the amount of time you spent on work or other activities 1 2
b. Accomplished less than you would like 1 2
c. Were limited in the kind of work or other activities 1 2
d. Had difficulty performing the work or other activities (for example, it 1 2
took extra effort)

Copyright © 1994 Medical Outcomes Trust.
All rights reserved.
(SF-36 Standard English-Canadian Version 1.0)
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During the past 4 weeks, have you had any of the following problems with your work or
other regular daily activities as a result of any emotional problems (such as feeling
depressed or anxious)?

YES NO
Cut down the amount of time you spent on work or other activities 1 2
Accomplished less than you would like 1 2
Didn’t do work or other activities as carefully as usual 1 2

During the past 4 weeks, to what extent has your physical health or emotional problems
interfered with your normal social activities with family, friends, neighbors, or groups?

(circle one)
Notatall . . . . . . . . . . . . . . ... .1
Slightly . . . . . . . . . . . . ... ... .2
Moderately. . . . . . . . . . . . . .. .. .3
Quiteabit . . . . . . . . . . . .. . ... .4
Extremely . . . . . . . . . . . . . . .. .. 5

How much bodily pain have you had during the past 4 weeks?

(circle one)
None. . . . . . . . . . . . . .. ... ..1
Verymild . . . . . . . . . . ... 02
Mild . 3
Moderate 4
Severe . . . . . . . . . . . . . .. ... .5
Verysevere . . . . . . . . . . . . . . .. . 6
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During the past 4 weeks, how much did pain interfere with your normal work (including

both work outside the home and housework)?

Not at all

A little bit .
Moderately .
Quite a bit .

Extremely .

(circle one)

1
2
3
4
5

These questions are about how you feel and how things have been with you during the
past 4 weeks. For each question, please give the one answer that comes closest to the way
you have been feeling. How much of the time during the past 4 weeks
(circle one number on each line)

All Most A Good Some | A Little | None
of the of the | Bitofthe | ofthe of the of the
Time Time Time Time Time Time
a. Did you feel full of 1 2 3 4 5 6
pep?
b. Have you been a very 1 2 3 4 5 6
nervous person?
c. Have you felt so down
in the dumps that
nothing could cheer ! 2 8 4 5 6
you up?
d. Have you felt calm 1 2 3 4 5 6
and peaceful?
e. Did you have a lot of 1 2 3 4 5 6
energy?
f. Have you felt
downhearted and blue? ! 2 3 4 5 6
g. Did you feel worn out? 1 2 3 4 5 6
h. Have you been a 1 2 3 4 5 6
happy person?
i. Did you feel tired? 1 2 3 4 5 6

1)




10.  During the past 4 weeks, how much of the time has your physical health or emotional
problems interfered with your social activities (like visiting with friends, relatives, etc.)?

(circle one)
Allof thetime. . . . . . . . . . . . . . . . .1
Most of thetime . . . . . . . . . . . . . . . .2
Some of the time . 3
A little of the time 4
None of thetime . . . . . . . . . . . . . . . .5

11.  How TRUE or FALSE is each of the following statements for you?

(circle one number on each line)

Definitely | Mostly Don’t Mostly | Definitely
True True Know False False

a. |seem to get sick a little 1 2 3 4 5
easier than other people

b. 1am as healthy as anybody | 1 2 3 4 5
know

c. | expect my health to get 1 2 3 4 5
worse

d. My health is excellent 1 2 3 4 5
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Appendix B: Research Instruments - CHAMPS Questionnaire

This questionnaire is about activities that you may have done in the past 4 weeks. The
questions on the following pages are similar to the example shown below.

INSTRUCTIONS
If you DID the activity in the past 2 weeks:
Step #1 Check the YES box

Step #2 Think about how many TIMES a week you usually did it and write your response
in the space provided.

Step #3 Circle how many TOTAL HOURS in a typical week you did the activity.

Here is an example of how Mrs Jones would answer question #1. Mrs Jones usually visits her
friends Maria and Olga twice a week. She usually spends one hour on Monday with Maria and
two hours on Wednesday with Olga. Therefore, the total hours a week that she visits with friends
is 3 hours a week.

In a typical week during the past 2 weeks, did you...

1. Visit with family and friends (other than How many TOTAL hours a week did you do it?

those vou live with)? hl:ess 1-2% 56% | 7-8% | 0O
[T]YES How many TIMES aweek?_2 | hanl | o ¢ hours | hours | MO
Civo —1_hour hour.

If you did not do the activity:
Check the NO box and move to the next question

7



During the past week, how many TOTAL hours did you ...

7. Dance (such as square, folk, line, ballroom,

How many TOTAL hours a week did you do it?

do not count aerobic dance here)?
[CJYES How many TIMES a week?

Less 9or
1-2% | 3-4% | 5-6% | 7-8%

than 1 more
hours | hours | hours | hours

hour hours

[Cno

9. Play golf, carrying and pulling your

How many TOTAL hours a week did you do it?

equipment(count walking time only)?
DYES How many TIMES a week?

Less 9or
1-2% | 3-4% | 5-6% | 7-8%

than 1 more
hours | hours | hours | hours

hour hours

[Ono

10. Play golf, riding a cart (count walking
time only)?
DYES How many TIMES a week?

How many TOTAL hours a week did you do it?

LCess 9or
1-2% | 3-4% | 5-6% | 7-8%

than 1 more
hours | hours | hours | hours

hour hours

[Ono

14. Play single tennis(do NOT count the
doubles)
[JvEs How many TIMES a week?

How many TOTAL hours a week did you do it?

LCess 9or
1-2% | 3-4% | 5-6% | 7-8%

than 1 more
hours | hours | hours | hours

hour hours

[Ono

15. Play double tennis(do NOT count singles)

[CJvES How many TIMES a week?

How many TOTAL hours a week did you do it?

LCess 9or
1-2% | 3-4% | 56% | 7-8%

than 1 more
hours | hours | hours | hours

hour hours

[Ono

16. Skate (ice, roller, in-line)?

How many TOTAL hours a week did you do it?

[CJYES How many TIMES a week?

Less 9or
1-2% | 3-4% | 5-6% | 7-8%

than 1 more
hours | hours | hours | hours

hour hours

[Cno

20. Do Iiaht work around the house (such as

How many TOTAL hours a week did you do it?

sweeping, vacuuming)?
[CJves How many TIMES-a week?

Less 9or
1-2% | 3-4% | 5-6% | 7-8%

than 1 more
hours | hours | hours | hours

hour hours

[Cno

21. Do heavy gardening (such as spading,
raking)?
[CJYES How many 1 1MES a week?

How many TOTAL hours a week did you do it?

LCess gor
1-2% | 3-4% | 56% | 7-8%

than 1 more
hours | hours | hours | hours

hour hours

DNO

22. Do light gardening (such as watering
plants)?
[Jves How many TIMES a week?

How many TOTAL hours a week did you do it?

| Less gor
1-2% | 3-4% | 5-6% | 7-8%

than 1 more
hours | hours | hours | hours

hour hour:

|:|No

23. Work on your car, truck, lawn mower, or
other machinery?
DYES How many TIMES a week?

How many TOTAL hours a week did you do it?

| Less gor
1-2% | 3-4% | 5-6% | 7-8%

than 1 more
hours | hours | hours | hours

hour hours

[On~o
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During the past week, how many TOTAL hours did you ...

* Please note: For the following questions about running and walking, include use of treadmill

24. Jog or run?

DYES How many TIMES a week?

How many TOTAL hours a week did you do it?

€ss gor
1-2% | 3-4% | 5-6% | 7-8%

than 1 more
hours | hours | hours | hours

hour hours

[Ono

25. Walk uphill or hike uphill (count uphill
part only)?
[CJYES How many TIMES a week?

[Cno

How many TOTAL hours a week did you do it?

| Less gor
1-2% | 3-4% | 5-6% | 7-8%
than 1 more
hours | hours | hours | hours
hour hours

26. Walk fast or briskly for exercise (do not

How many TOTAL hours a week did you do it?

count walk leisurely or uphill)?
[JYES How many TIMES a week?

[Cno

Less 9or
1-2% | 3-4% | 5-6% | 7-8%

than 1 more
hours | hours | hours | hours

hour hours

27. Walk to do errands (such as to/from store
or take children to school, count walk time
oniy)?

DYES How many TIMES a week?

Ono

How many TOTAL hours a week did you do it?

Less 9or
1-2% | 3-4% | 5-6% | 7-8%

than 1 more
hours | hours | hours | hours

hour hours

28. Walk leisurely for exercise or pleasure?

DYES How many TIMES a week?

[Cno

How many TOTAL hours a week did you do it?

Less 9or
1-2% | 3-4% | 5-6% | 7-8%

than 1 more
hours | hours | hours | hours

hour hours

29. Ride a bicycle or stationary cycle?

DYES How many TIMES a week?

[Cno

How many TOTAL hours a week did you do it?

LCess 9or
1-2% | 3-4% | 5-6% | 7-8%

than 1 more
hours | hours | hours | hours

hour hours

30. Do other aerobic machine such as rowing
or stepping machines (do not count treadmill
or stationary cycle ?

[CJYES How many TIMES a week?

[Cno

How many TOTAL hours a week did you do it?

Less 9or
1-2% | 3-4% | 5-6% | 7-8%

than 1 more
hours | hours | hours | hours

hour hours

31. Do water exercises (do_not count other
swimming)?
DYES How many TIMES a week?

[Cno

How many TOTAL hours a week did you do it?

Less 9or
1-2% | 3-4% | 5-6% | 7-8%

than 1 more
hours | hours | hours | hours

hour hours

32. Swim moderately or fast?

DYES How many TIMES a week?

[Ono

How many TOTAL hours a week did you do it?

LCess 9or
1-2% | 3-4% | 5-6% | 7-8%

than 1 more
hours | hours | hours | hours

hour hours

33. Swim gently?

DYES How many TIMES a week?

How many TOTAL hours a week did you do it?

LCess 9or
1-2% | 3-4% | 5-6% | 7-8%

than 1 more
hours | hours | hours | hours

hour hours

[Ono
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During the past week, how many TOTAL hours did you ...

34. Do stretching or flexibility exercises (do
not count yoga or tai-chi)?
[CJYEs How many TIMES a week?

[Cno

How many TOTAL hours a week did you do it?

Less 9or
1-2% | 3-4% | 5-6% | 7-8%

than 1 more
hours | hours | hours | hours

hour hours

35. Do Yoga or Tai-chi?

[JYES How many TIMES a week?

DNO

How many TOTAL hours a week did you do it?

LCess gor
1-2% | 3-4% | 56% | 7-8%

than 1 more
hours | hours | hours | hours

hour hours

36. Do aerobics or aerobic dancing?

[CJYES How many TIMES a week?

[Cno

How many TOTAL hours a week did you do it?

Less 9or
1-2% | 3-4% | 5-6% | 7-8%

than 1 more
hours | hours | hours | hours

hour hours

37. Do moderate to heavy strength training

(such as hand-held weights of more than 5

Ibs.. weiaht machines, or push-ups?
[JYES How many TIMES a week?

[Ono

How many TOTAL hours a week did you do it?

Less 9or
1-2% | 3-4% | 5-6% | 7-8%

than 1 more
hours | hours | hours | hours

hour hours

38. Do light strength training (such as hand-
held weights of 5 Ibs. or less or elastic bands?

[CJYES How many TIMES a week?

[Cno

How many TOTAL hours a week did you do it?

Less 9or
1-2% | 3-4% | 5-6% | 7-8%

than 1 more
hours | hours | hours | hours

hour hours

39. Do general conditioning exercises, such as
light calisthetics or chain exercises(do_not
count strength training)?

DYES How many TIMES a week?

[Ow~o

How many TOTAL hours a week did you do it?

Less 9or
1-2% | 3-4% | 5-6% | 7-8%

than 1 more
hours | hours | hours | hours

hour hours

40. Play basketball, soccer, or racquetball (do
not count time on sidelines)?
[JYES How many TIMES a week?

[Cno

How many TOTAL hours a week did you do it?

LCess 9or
1-2% | 3-4% | 56% | 7-8%

than 1 more
hours | hours | hours | hours

hour hours

41. Do other types of physical activity not
previously mentioned(please specify)?

How many TOTAL hours a week did you do it?

DYES How many TIMES a week?

[Cno

Less 9or
1-2% | 3-4% | 5-6% | 7-8%

than 1 more
hours | hours | hours | hours

hour hours
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Appendix C: Research Instruments - HADS Questionnaire

Hospital Anxiety and Depression Scale (HADS)

Patients are asked to choose one response from the four given for each
interview. They should give an immediate response and be dissuaded
from thinking too long about their answers. The questions relating to
anxiety are marked "A", and to depression "D". The score for each answer
is given in the right column. Instruct the patient to answer how it currently
describes their feelings.

A | feel tense or ‘wound up':
Most of the time

A lot of the time 2
From time to time, 1
occasionally

Not at all 0

I still enjoy the things | used
to enjoy:

Definitely as much

Not quite so much

Only a little

Hardly at all

w N = O

| get a sort of frightened
A feeling as if something awful
is about to happen:

Very definitely and quite
badly

Yes, but not too badly 2

A little, but it doesn't worry
me

Not at all 0

w
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| can laugh and see the funny
side of things:

~ |As much as I always could

~ [Not quite so much now

~ |Definitely not so much now
Not at all

RN

" \Worrying thoughts go
through my mind:

" |A great deal of the time
~ |Alot of the time

i

From time to time, but not
too often

~ [Only occasionally

=

-

D |l feel cheerful:
Nt at all
Not often
Sometimes
~ Most of the time

T

", I can sit at ease and feel f
relaxed:
Definitely o
" |Usually ]
" INot Often 2
~ |Not at all 3
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D |l feel as if | am slowed down:

~ Nearly all the time

" Very often

'Sometimes

Not at all

T

- get a sort of frightened
A [feeling like ‘butterflies’ in
the stomach:

" Notatall

~ |Occasionally

Quite Often

" Very Often

2

| have lost interest in my
appearance:

~ |Definitely

|l don't take as much care as |
should

1

| may not take quite as much
care

| take just as much care as
ever

=

]

A ‘on the move:

| feel restless as | have to be

~ |Very much indeed

w

Quite a lot

N
—
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~ Not very much

Not at all

-

| look forward with
enjoyment to things:

‘As much as | ever did

~ [Rather less than I used to

" [Definitely less than I used to

Hardly at all

1

| get sudden feelings of
panic:

~ Very often indeed

~ |Quite often

Not very often

Not at all

11

" lcan enjoy a good book or
radio or TV program:

Nl

" [often
'Sometimes 11
Not often 2

~ Very seldom 3B
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