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Traditionally, patients with locally advanced rectal cancer
without evidence of distant metastases (stages II and III)
undergo chemoradiation to the tumor, followed by surgery,
and subsequently adjuvant chemotherapy to best control local
and systemic disease associated with the rectal cancer. In
addition, there has been an increasing trend in the utilization
of neoadjuvant chemotherapy and radiation regimens among
patients with other resectable and locally advanced gastro-
intestinal cancers, such as esophageal, liver, and pancreatic
cancers.1–3

The hiatus between the time of cancer diagnosis and a
scheduled operation provides a unique opportunity for patient
optimization, both physically andmentally.4 Patient condition-
ing inthissetting issimilar toarunnerpreparing foramarathon.
In the weeks preceding the marathon, the runner engages in a
rigorous training schedule to enhance athletic performance and
optimize physical and psychological endurance. Nutritional
optimization constitutes a dynamic component of training,

and continues up to race daywith implementation of strategies
such as “carbohydrate-loading” in the hours preceding the race.
Endurance training is challenging and dynamic, and prepares
the runner for the physiologic stress of prolonged exercise.5

Traditionally, the surgical approach has taken a different view,
even though patients embark on a different, yet physiologically
similar, insult. Patients are exposed to complex operations,
without any requirement for athletic conditioning or exercise,
followed ultimately by fasting and dehydration-inducing
mechanical bowel preparations in the final hours leading up
to the operation.6–8

The implementation of upfront, preoperative habilitation
(“prehabilitation”), as opposed to postoperative habilitation
(rehabilitation), provides a unique opportunity to optimize
outcomes, while ensuring that patients receive necessary
conditioning that may otherwise be significantly delayed by
postoperative complications. In an analogous example, che-
motherapy and radiation protocols have been successfully
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Abstract The implementation of upfront, preoperative habilitation (“prehabilitation”), as
opposed to postoperative habilitation (rehabilitation), provides a unique opportunity
to optimize surgical outcomes, while ensuring that patients receive necessary con-
ditioning that may otherwise be significantly delayed by postoperative complications.
In this review, opportunities to design, implement, monitor, and evaluate a surgical
prehabilitation program in colorectal surgery are discussed, and broken down to
include emotional, physical, and nutritional aspects of care in the preoperative setting.
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expanded from the traditional adjuvant form to include a
neoadjuvant phase prior to an operation (►Fig. 1). With the
implementation of a goal-directed prehabilitation program,
perioperative complication rates may decrease and cancer-
specific outcomes could potentially be improved. In this era of
amplified access to portable technologies and software, in
combinationwith the electronicmedical record (EMR), oppor-
tunities to closely track performance of patients undergoing
intensive prehabilitation are increasingly available.

While some components of prehabilitation and patient
optimization are included among enhanced recovery after
surgery (ERAS) protocols, the concept of prehabilitation is
relatively novel, with paucity of data in this upcoming field.
The objective of this manuscript is to discuss opportunities
to design, implement, monitor, and evaluate a surgical pre-
habilitation program in colorectal surgery, which would
complement ERAS protocols in improving overall patient
outcomes. While prehabilitation may apply to patients with
benign colorectal disease in the preoperative phase, a spe-
cific emphasis is provided on colorectal cancer in this review.

Rationale for Prehabilitation in Modern
Oncologic Care

Historically, patients underwent surgical resection shortly
after receiving the diagnosis of a solid malignancy. However,
there has been a steady increase in the median time from
diagnosis to operative treatment in recent years,9 owing to
the deliberate multidisciplinary planning and increasing use
of neoadjuvant therapies.10–13 Provision of neoadjuvant
treatment has provided clinicians with an opportunity to
evaluate tumor biology, while ensuring that patients receive
systemic therapy. Treatments, when administered in the
adjuvant (postoperative) setting, are often delayed or with-
held due to surgical complications or patients’ inability to
tolerate adjuvant treatment after an extensive operation. In
addition, a neoadjuvant strategy has been shown to improve
resectability of previously inoperable cancers, while redu-

cing the complexity of operations secondary when asso-
ciated with successful tumor shrinkage. Even outside of
neoadjuvant treatment protocols, operative management
may be deliberately delayed while patients undergo exten-
sive diagnosticworkups andmultidisciplinary consultations.
Any increase in the time interval to operation provides a
unique opportunity to maximize patients’ preoperative con-
ditioning, to optimize surgical outcomes.14

Patient optimization programs in surgery have thus far only
been sparsely recognized and explored, with negligibly low
uptake. Such programs have been difficult to implement,
because they are resource intensive, yet rarely reimbursable.
However, the recent shift from fee-for-service to bundled care
payments has re-shaped hospital priorities away from max-
imizing billing for eachdiscrete service to rewarding value of an
episode of care. Episode-of-care payments have seen an
increase in quality improvement initiative efforts and post-
discharge coordinationprograms, including enhanced recovery
programs.15,16 These efforts decrease health care costs by
reducing postoperative complications and minimizing unne-
cessary readmissions.17 A prehabilitation program, therefore,
represents a novel opportunitywith the potential to contribute
toward coordinated, effective, and high-quality care.

The fast pace of contemporary clinical medicine and sur-
geryhasplacedgreaterdemandsonclinicians thaneverbefore.
Therefore, the success of a prehabilitation program hinges on
howseamlessly it integrates intoclinical practicewith theleast
amount of administrative burden. With current advances in
EMR systems, there aremany technological opportunities that
make a modern-day prehabilitation program feasible. Cur-
rently atmany institutions, EMR systems integrate emergency
room, outpatient, and inpatient episodes into a data ware-
house. This allows for efficient data collection, automatic
tracking of dynamic data, and the immediate availability of
point-of-care data via user-friendly interfaces to clinicians at
every encounter. Additionally, electronic devices (including
smartphones and tablets), which seamlessly integrate into
larger EMR systems, provide dynamic data such as steps per

Fig. 1 Comparison of the paradigm shift in the sequence of neoadjuvant therapy administration with the concept of prehabilitation in the
surgical oncology patient.
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day, nutritional intake, and calories burnt, with the ability to
generate automated goal-directed alerts to users, including
patients and physicians, once milestones have been achieved,
or missed.

Current Initiatives in Prehabilitation in
General Surgery

The “Strong for Surgery Program” is an initiative developed
by the University of Washington’s Surgical Care and Out-
comes Assessment Program (SCOAP) Comparative Effective-
ness Research TranslationNetwork for the state’s hospitals.18

The aim of the program is to optimize patients’ health prior
to surgery. In 2015, the American College of Surgeons (ACS)
adopted the program and aimed to disseminate the concept
to hospitals nationwide.19 The programpushes for a checklist
of best practices for opioid minimization, preoperative
smoking cessation, and glucose homeostasis.18 However,
the programdoes not include physical prehabilitation, which
is a key component for patients undergoing surgery.
In addition, the emphasiswas broader, aimedmore generally
at patients undergoing any surgical intervention. As such, the
unique stressor of an oncologic diagnosis and opportunities
for intervention remain unaddressed by this protocol.

Another initiative is the Michigan Surgical Home and
Optimization Program (MSHOP), which is a statewide pro-
gram that engages patients undergoing elective inpatient
general surgery procedures in the preoperative setting for
optimization.20 MSHOP provides individualized risk assess-
ment, and empowers patients to regain control of their
preoperative conditioning by emphasizing physical activity,
smoking cessation, nutritional optimization, and relaxation
techniques. Through the early phases of this program,
MSHOP has enrolled 500 patients with a 90% compliance
rate. Comparison with matched historical controls demon-
strated a reduction of hospital costs by $2,308 per patient,
and an average length of hospital stay reduction of 2 days.20

Once again, specific implementation of such a program in the
surgical oncology population has not yet been explored, and
effects on cancer outcomes are unknown.

Opportunities for Prehabilitation in
Colorectal Surgery

As with ERAS, colorectal surgery represents an ideal avenue
for a prehabilitation program in many ways. First, contem-
porary neoadjuvant chemotherapy and chemoradiation can
be quite toxic, with numerous side effects. In patients under-
going therapy, it is not uncommon that patients require
hospitalization for fatigue, dehydration, and nutrition opti-
mization.21,22 Preoperative optimization of patients’ func-
tional status and physical endurance in that setting might
helpmaximize the chances of completing neoadjuvant treat-
ment without interruption, thereby boosting chances of
long-term survival.4,23–25

Colorectal cancer incidence increases with age, and the
complexity of specialized operations imposes significant
physiological stress on older patients, often with increased

morbidity andmortality.26–30As a result, elderly patients are
less likely to receive life-extending postoperative therapy,
such as chemotherapy and radiation, owing to increasing
postoperative frailty and associated complications.31–33Data
have demonstrated that preoperative conditioning for as
short as 2 weeks can be effective in this population.24 As
such, a 2- to 4-month program if neoadjuvant treatment is
contemplated should go a long way to enhancing clinical and
cancer outcomes following complex oncologic resections in
older patients compared with their younger counterparts.

Finally, patients with newly diagnosed solid tumors often
seek long-term survival, an outcome that correlates strongly
with response to neoadjuvant and adjuvant therapies, and
successful surgical resection without major complications.24

A successful prehabilitation program should thus focus on
modifiable and actionable predictors of outcomes, and more
importantly empower patients to regain some control of their
outcomes. Prehabilitation will not only serve to improve the
emotional well-being of these patients butmay also positively
leverage the anxiety andmotivation surrounding major onco-
logic surgery.34 Such unique factors are critical for recovery
and long-term survival among oncologic patients, particularly
in the geriatric oncology population.

Components of a Proposed Prehabilitation
Program

The necessary components of a prehabilitation program
would ideally include emotional support, physical therapy,
and nutritional optimization (►Fig. 2). Patients should be
enrolled in such a program as soon as the diagnosis is
established by the multidisciplinary team, and continued
through the time of their operation.

The emotional support aspect of the prehabilitation pro-
gram should begin as soon as possible after the patient’s
diagnosis.35,36 Involvement of patients’ family members and
caregivers is paramount to the success of the program, since
manypatientsmaybeoverwhelmedwith treatmentaspects of
their diagnosis. In addition, successful implementation of a
prehabilitation programwould be strictlymonitored, which is
often aided by patients’ social support network. Older patients
may be especially vulnerable, as their social support systems
may be debilitated (partners), or nonexistent.37,38

As part of this proposed prehabilitation framework,
patients and their caregivers should be introduced to a
patient support group consisting of patients with similar
diagnoses who have successfully undergone oncologic resec-
tion. The patient support group could be connected via
online platforms (e.g., PatientsLikeMe39 and WePatients40)
and electronic mail, as well as through weekly or monthly
meetings in-person. Connecting patients to survivors can
provide hope, improve coping, and reduce the anxiety asso-
ciated with uncertainty, which ultimately provide motiva-
tion to work toward an achievable defined goal.41,42

The physical aspect of the proposed program begins with
preoperative risk assessment of the patient using tools such
as the American College of Surgeons National Surgical Qual-
ity Improvement Project (ACS-NSQIP) risk calculator.
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Modifiable patient characteristics that contribute to adverse
outcomes are identified and shared with the patient and
their caregivers. For example, a smoking cessation program
and nicotine replacement therapy instituted over a 6- to
8-weekperiod can reverse the adversepostoperative outcomes
associated with smoking.43 A smoking intervention program
for patients who are active smokers in the 4months preceding
surgery represents a great opportunity for outcomes improve-
ment, particularly since smoking is a central etiological factor
in the development of a majority of solid tumors.

As part of the physical aspect of this proposed program,
patients are then enrolled in anexercise programwith thegoal
of increasing their functional capacity to better sustain the
physiologic stresses of surgery. Patientsmaybeengagedwitha
wireless-enabled wearable activity tracker (e.g., Fit Bit) for
walking and exercising, with the goal of gradually increasing
the number of steps per day. Interestingly, many smartphones
also possess equal capability in tracking similar activity
(iPhone health app and built-in accelerometer), further high-
lighting the benefits that smartphones continue to exert
within healthcare. An incentive spirometer with a daily track-
ing flowsheet improves respiratory capacity preoperatively,
and, like other elements of physical prehabilitation, allows for
seamless continuation postoperatively.44 Prehabilitation pro-
grams should include exercise regimens that are tailored to
provide patients with achievable goals. Patients who are not
meeting their targets are notified both remotely and during
visits, as are clinicians to their overall progress. Progress is
reviewed at every visit, and regular feedback is provided.

Prior studies have evaluated the physical elements of
surgical prehabilitation programs. For example, a rando-

mized controlled trial in patients with colorectal cancer
demonstrated that patients participating in a prehabilitation
program consisting of stationary cycling plusweight training
prior to surgery were more likely to improve their physical
function and recover to their baseline walking capacity
postoperatively compared with those who did not partici-
pate.25,45 A similar trial in patients undergoing cardiac
surgery demonstrated not just an improvement in post-
operative functional abilities and length of hospital stay
but also in quality of life that persisted up to 6 months after
the surgery.4 In a retrospective analysis of 185 patients
undergoing colorectal surgery, patients experienced greater
improvement inwalking capacity compared with patients in
whom rehabilitation started only following surgery.46 In a
systematic review of five studies encompassing 353 patients
undergoing colorectal surgery, prehabilitation protocols
have been associated with improved physical capacity.47 In
the context of colorectal surgery for cancer, the benefits of
improved physical tolerance and conditioning may not only
improve operative results but also enhance the ability of
patients to better tolerate the toxic neoadjuvant and adju-
vant therapies they would receive.

In addition to improving emotional well-being and phy-
sical conditioning, a nutritional consultation is also sought as
early as possible in the preoperative course. Nutritional risk
assessment for targeted supplementation and improving
postoperative nutrition education are critical elements of
any proposed program. In the immediate preoperative set-
ting, patients undergo preoperative carbohydrate-loading,
withmandated fasting only up to 2 to 4 hours before surgery.
Clear carbohydrate-loading regimens, which are currently

Fig. 2 Proposed prehabilitation program with concomitant multimodality therapy.
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included in ERAS protocols, permit administration through-
out the day prior to surgery, when bowel surgery is antici-
pated. Preoperative carbohydrate-loading has been shown to
decrease postoperative insulin resistance by approximately
50% compared with overnight fasting, leading to improved
surgical outcomes.48,49 Randomized controlled trials have
demonstrated that preoperative consumption of carbohy-
drate-containing fluids not only preservesmuscle mass after
surgery50 but also results in earlier return of bowel function
and a shorter postoperative hospitalization.49,51,52 A recent
meta-analysis of 21 randomized controlled trials corrobo-
rated the findings, demonstrating that preoperative carbo-
hydrate-loading was associated with reduced postoperative
insulin resistance and reduced length of hospital stay in
patients undergoing major abdominal surgery.53 Impor-
tantly, deviating away from traditional fasting regimens
did not result in any aspiration events during, or after,
surgery.49

The comprehensive and “bundled” benefits of such a
prehabilitation program, including the physical, emotional,
and nutritional components outlined earlier, have the poten-
tial to yield synergistic benefits in outcomes, similar to the
improvements seen with surgical site infection bundles,54,55

intensive-care ventilator-associated pneumonia bundles,56

central line–associated blood-stream infection bundles,57,58

and ERAS bundles.52,59,60 The overarching goal of these
components is to provide superior short-term and long-
term outcomes for patients with cancer who undergo surgi-
cal resection of their tumor.

Anticipated Benefit from Prehabilitation in
Colorectal Surgery

As previously mentioned, the field of colorectal surgery
stands to benefit significantly from a prehabilitation pro-
gram, given the increasing time interval from diagnosis to
surgery, the high-risk population encountered, the complex-
ity of the surgical intervention, and the accompanying
toxicity of therapies necessary to provide long-term survival
for patients with cancer. Prehabilitation for these patients
may increase their tolerability of neoadjuvant therapies, and
maximize the likelihood of treatment completion, including
primary resection of the tumor. In addition, decreasing
postoperative complication rates increases the likelihood
that patients receive postoperative adjuvant treatment
where indicated.32,33,61,62 These interventionsmay all trans-
late to improvements in overall and disease-specific survival
for patients with colorectal malignancies.

In addition to the potential survival benefits, a prehabi-
litation program that focuses on patient engagement in their
perioperative care has the potential to improve patients’
overall satisfactionwith care and quality of life. Additionally,
improved tolerance of treatment may lead to reduction in
emergency room visits and inpatient admissions for treat-
ment toxicity and complications. Reduction in postoperative
complications would lead to reduced length of hospital stay
and overall surgical readmission rates, which further aligns
with patient preferences for their care.63

Potential Challenges to Implementation in
Colorectal Surgery

While preliminary data demonstrate that the implementation
of prehabilitation in patients undergoing elective general
surgery is feasible with encouraging results,20 its transferabil-
ity to the colorectal surgery population is unclear. Patients
with cancer are often of advanced age and frailty, and may
suffer from inevitable decreased compliance and successful
completion rates of any such program. However, this may aid
in “selecting out” patientswhowould not otherwise tolerate a
complex surgical procedure, and thus serve as a test of “patient
biology,” as opposed to “tumor biology.” Whether exclusion
based on “poor patient biology” will ultimately represent a
missedopportunity for resection is unknown.However, avoid-
ance of unnecessary morbidity and mortality is important in
patients who may not be able to tolerate an operation.10,33

The implementation of a prehabilitation program is not
without administrative burden. However, recent advances in
EMR can mitigate such burden through automation of a
centralized tracking system of patients’ prehabilitation pro-
gram progress. In addition, dedicated assistants employed at
various levels in patient care pathways can aid in the absorp-
tion of administrative burden by collating patients’ progress
data points throughout the prehabilitation program. While
costs associated with such programs may seem acutely less
feasible, the potential savings from the aforementioned ben-
efitswould likely offset upfront costs, provided the program is
rigorously monitored, implemented, and audited for long-
term outcomes and ongoing improvements.

Conclusion

A prehabilitation program represents a golden opportunity in
colorectal surgical oncology that benefits patients, caregivers,
and providers alike. It promotes patients as the ultimate
stakeholders in their own healthcare, and fosters a collabora-
tive effort between patients and clinicians. Improvements in
collective, organized, and systematic care delivery to improve
cancer outcomes merit full consideration. Prehabilitation in
colorectal surgery, as well as other surgical oncology disci-
plines, provides one such avenue, among a multitude of new
avenues being explored.
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