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Disclaimer 
By downloading or accessing this toolkit or any other materials from this website, or through this portal, 
the user acknowledges and agrees that: (1)  he/she is an authorized agent or employee of a hospital 
currently participating in ISQIC (“Hospital”) under a valid ISQIC Instructional and Related Services 
Agreement (“Agreement”) with rights to access this material, subject to the terms of such Agreement; (2) 
the information and materials available through this link are being provided “as is” with no warranties of 
any kind; (3) he/she has authority to, and does in fact accept responsibility on behalf of Hospital for 
Hospitals’ and his/her own use or implementation of the suggestions or information provided in the 
materials; (4) user and Hospital, and not Northwestern University or ISQIC, determine how or whether 
user or Hospital makes use of the materials or information provided here; and, (5) all use of materials or 
information provided here is subject to the terms and conditions of the Agreement.   
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How to Use This Toolkit 
Implementing a Pre-Operative Physical Function Optimization protocol requires significant coordination 
between groups within a hospital. Improving physical functioning may be unfamiliar territory for general 
surgeons and quality improvement professionals. There are protocol components that must be completed 
by the patient prior to surgery. Excellent resources have been created by groups across the country; 
therefore, this toolkit is meant to house many of those resources so you can easily see what each has to 
offer. 
 
We hope you will find the resources and case studies in this toolkit useful and that you can easily tailor 
the interventions to your institution’s needs.  
 
The following functions have been added to this PDF to make it easy to navigate:  
 

1. This PDF is searchable so you can type a page number or word into the search box to be taken to 
places in the toolkit where that search item appears. 

2. Clicking on any section header or sub-header in the Table of Contents will take you directly to that 
section.  

3. Clicking on the ISQIC logo in the bottom right corner of each page will take you back to the Table 
of Contents. 

4. Clicking on the reference to an appendix in the text will take you directly to that appendix. 
5. You may double click any caption or image that says “Click to open” and the attachment will open 

in a new PDF window or link in your browser. Adobe Reader is the preferred method for viewing 
attachments.  

Feedback on This Toolkit  
We hope this toolkit will assist your hospital in deciding how to implement the Pre-Operative Physical 
Function Optimization intervention and which tools and interventions may be optimal in your local care 
context.  We welcome all feedback so we can iteratively update the toolkit to highlight new interventions, 
clarify existing ones, and generally make the toolkit more user-friendly and helpful. Please send any 
questions, comments, or overviews of what your institution implemented to Brianna D’Orazio 
(bdorazio@isqic.org).  
 
 
 
 
 
 

  

mailto:bdorazio@isqic.org
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Introduction to Pre-Operative Physical 
Function Optimization 
The case for pre-operative physical function optimization 
Interventions to improve physical function in the pre-operative period have demonstrated success in 
preparing patients for the immediate and long-term physical impacts of surgery.1 Prehabilitation improves 
functional reserves prior to surgery, promoting earlier return to pre-operative physical function and 
reducing post-operative complications.2,3 Patients participating in pre-operative physical function 
optimization programs show better compliance and higher levels of adherence to health promoting 
behaviors in the post-operative period.2 
 
The figure below demonstrates the trajectory of patients participating in pre-operative physical function 
optimization (blue line) vs. no pre-operative physical function optimization (red line). Patients who 
complete a pre-operative physical function optimization program show less deterioration in the 
perioperative period and greater functional recovery postoperatively. 
 
 

 
Trajectory of the perioperative period and impact of prehabilitation on accelerating postoperative 

functional recovery4 
 
 
The diagram below shows the goals of a pre-operative physical function optimization program. Embarking 
on the rehabilitation process before surgery allows the provider and patient to address the management 
of risk factors that may adversely affect functional capacity and enhance cardio-respiratory and muscular 
function to improve post-operative outcomes. 
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The Prehabilitation Triangle5 

 

Implementing a Pre-Operative Physical 
Function Optimization Program 
What does physical function optimization look like?  
 
The goal of the preoperative physical functioning program is to have patients perform approximately 30-
60 minutes of daily physical aerobic activity intended to increase cardiovascular performance in the 2-4 
weeks before surgery. Given the wide ranges of patients and diverse nature of ISQIC hospitals, physical 
activity can take many forms ranging from timed walking, running, cycling, aerobics classes or use of 
cardiovascular equipment (e.g. elliptical, stair climbers, arm bike, rowing) at home, on the street, or at a 
gym. 
 
Pre-operative physical function optimization programs may take one of three formats dependent on the 
patient’s insurance status and your hospital’s resources. ISQIC recommends your hospital chooses one of 
the modes of preoperative physical function optimization described below and implement it for all of your 
hospital’s participating surgeons. Given the breadth of different prehabilitation solutions that ISQIC 
hospitals will use, your local site should keep in mind that ISQIC is monitoring referral to (and not patient 
adherence to) to a specific form of prehabilitation. 
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• An unmonitored program consists of home-based exercises prescribed by the clinician. This is 
the simplest program for hospitals to adopt but presents challenges in monitoring patient 
adherence given the lack of supervision and variations in patient health literacy. Since there is 
no monitoring, there is little assurance that patients are completing the program as intended. 
An example of an unmonitored program is providing patients with the ISQIC Physical Activity 
Guide (see “Resources for Unmonitored Interventions”). 
 

• A fully monitored program consists of clinician-prescribed physical therapy or sessions with a 
personal trainer. Fully monitored programs allow physical function program development 
tailored to the patient’s performance status and personalized patient instruction. The 
supervision offered in the program provides theoretical advantages in patient adherence, 
provided the patient attends the sessions. Variations in insurance coverage and deductibles 
coupled with patient expenses, however, may make fully monitored programs more challenging 
to implement for your care teams.  Unlike orthopedic and neurosurgeons, many general 
surgeons are not accustomed to the coding and necessary diagnoses (and resultant patient 
questions and insurance appeals) required for physical therapy.  
 

• A partially monitored program consists of an initial visit with a physical therapist, personal 
trainer, or activity coach followed by a self-paced home-based program. This strategy minimizes 
resource utilization and costs associated with multiple provider visits in exchange for 
“homework” the patient completes at home or at the gym. This hybrid approach balances costly 
provider visits with trade-offs in patient adherence. 

 
While some patients may benefit most from the oversight of a fully monitored program, many forms of 
insurance will not reimburse for physical therapy as pre-operative physical function optimization for 
colorectal surgery unless certain diagnoses are justifiably used. Self-directed programs are feasible and 
safe, have demonstrated similar outcomes as fully monitored options and can be accomplished at little or 
no cost to the patient.6 
 
The McGill Peri Operative Program (POP) (https://mcgill.ca/peri-op-program/about-pop-0) is a successful 
example of implementing a physical function optimization program as part of the larger perioperative 
pathway. The McGill POP is an example of a partially monitored program, incorporating baseline 
assessments with a physical therapist prior to initiating the home-based program. A successful pre-
operative physical function optimization program may include some or all of the components 
incorporated in their program. Note, however, that although the McGill program spanned 4-5 pre-
operative weeks, ISQIC recommends not delaying surgery to complete prehabilitation. ISQIC’s ideal target 
intervention period for prehabilitation is 2-4 preoperative weeks. 
 
The diagrams below outline the basic steps for implementing each of the physical function optimization 
programs as part of the larger perioperative prehabilitation pathway.  
 
 
 
 
 
 
 

https://mcgill.ca/peri-op-program/about-pop-0
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1. Example of an Unmonitored Program 
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2. Example of a Fully Monitored Program 
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3. Example of a Partially Monitored Program 
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Supporting Literature 
Though this area of research is still new, several randomized clinical trials have evaluated the effectiveness 
of pre-operative physical activity programs on post-operative functional recovery in colorectal surgery 
patients. Below are examples of trials that studied each type of pre-operative program. Click on the 
publication title below to access the article providing support for the program. Please note that this is a 
selection of articles but is not all-inclusive. 
 
Fully Monitored Programs: 

1. Soares SM de TP et al. Pulmonary function and physical performance outcomes with preoperative 
physical therapy in upper abdominal surgery: a randomized controlled trial. Clinical 
Rehabilitation. 2013;27(7), 616–627.  

2. Dronkers JJ, Lamberts H, Reutelingsperger IM, et al. Preoperative therapeutic programme for 
elderly patients scheduled for elective abdominal oncological surgery: a randomized controlled 
pilot study. Clin Rehabil. 2010;24:614–622. 

3. Dunne DF, Jack S, Jones RP, et al. Randomized clinical trial of prehabilitation before planned liver 
resection. Br J Surg. 2016;103:504–512. 

 
Partially Monitored Programs: 

1. Barberan-Garcia A, Ubre M, Roca J et al. Personalised Prehabilitation in High-risk Patients 
Undergoing Elective Major Abdominal Surgery. Annals of Surgery. 2018;267(1):50-56. 

2. Bousquet-Dion G, Awasthi R, Loiselle S, et al. Evaluation of supervised multimodal prehabilitation 
programme in cancer patients undergoing colorectal resection: a randomized control trial. Acta 
Oncologica. 2018;57:6, 849-859. 

3. Minnella EM, Awasthi R, Loiselle S, et al. Effect of Exercise and Nutrition Prehabilitation on 
Functional Capacity in Esophagogastric Cancer Surgery: A Randomized Clinical Trial. JAMA Surg. 
2018;153(12):1081–1089. 

 
Unmonitored Programs: 

1. Gillis C, Li C, Lee L, et al. Prehabilitation versus rehabilitation: a randomized control trial in patients 
undergoing colorectal resection for cancer. Anesthesiology. 2014; 121:937–947. 

2. Li C, Carli F, Lee L, et al. Impact of a trimodal prehabilitation program on functional recovery after 
colorectal cancer surgery: a pilot study. Surg Endosc. 2013;27:1072–1082. 

 

  

https://ab3b2524-3c0d-4c96-9b76-5c3bb454b295.usrfiles.com/ugd/ab3b25_aec6adb716f64f4db55b65f337bec6b9.pdf
https://ab3b2524-3c0d-4c96-9b76-5c3bb454b295.usrfiles.com/ugd/ab3b25_8d1715f58e6a4f55868bebbdabea42d9.pdf
https://ab3b2524-3c0d-4c96-9b76-5c3bb454b295.usrfiles.com/ugd/ab3b25_3f68ad2faab24c4f908f83af2333c434.pdf
https://ab3b2524-3c0d-4c96-9b76-5c3bb454b295.usrfiles.com/ugd/ab3b25_2a78d217ff99423a91cf31e14eb88096.pdf
https://ab3b2524-3c0d-4c96-9b76-5c3bb454b295.usrfiles.com/ugd/ab3b25_3a247fa0ba0e4fe1af99fcec68920a1d.pdf
https://ab3b2524-3c0d-4c96-9b76-5c3bb454b295.usrfiles.com/ugd/ab3b25_43cb6563c92a4cccbcb3f8196e34fa24.pdf
https://ab3b2524-3c0d-4c96-9b76-5c3bb454b295.usrfiles.com/ugd/ab3b25_ff151ff4d27842d597b236b46c5bf5ed.pdf
https://ab3b2524-3c0d-4c96-9b76-5c3bb454b295.usrfiles.com/ugd/ab3b25_074ba938c82641aa9a41a08f88f468e3.pdf
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Which program is right for your hospital? 
The attached decision aid can be used to determine which type of program would be best to implement 
at your hospital. Some patients may benefit from fully or partially monitored programs, though most 
forms of insurance will not reimburse for physical therapy as pre-operative physical function optimization 
for colorectal surgery unless the patient meets certain criteria and certain diagnosis codes are used. 
Unmonitored programs are feasible and safe, have demonstrated similar outcomes as the fully monitored 
option and can be accomplished at low or no cost to the patient.6 (Click image to open PDF) 

 

 

Assembling your team 
Implementing a pre-operative physical function program requires the coordination of the whole surgical 
team. As you’ve learned through the ISQIC quality and process improvement curriculum, a project team 
with defined ownership, accountability, and role definitions is critical to success. Teams consist of 
sponsors, process and improvement leaders, and other members. For a reminder of their roles as defined 
in the ISQIC curriculum, click here. 
 
Team members are responsible for contributing to the project’s direction and implementation; therefore, 
it is important to ensure teams represent multiple disciplines and include most, if not all, of the relevant 
stakeholders. In addition to your ISQIC team, you may want to consider inviting representatives from 
some or all of these cohorts: surgeons, nurses, educators, physical therapists, and social workers, 
depending on which type of program you choose to implement and your local care context. Investigate if 
your hospital, local health center, or community center offers low-cost fitness monitored group classes 
that meet physical functioning criteria and engage those teams as necessary. 
 
 

  

https://ab3b2524-3c0d-4c96-9b76-5c3bb454b295.usrfiles.com/ugd/ab3b25_9cf21d595f3446c5ab635111a9fef57f.pdf
https://ab3b2524-3c0d-4c96-9b76-5c3bb454b295.usrfiles.com/ugd/ab3b25_cf7464ff383d4c19a8a5c2e7076deeb2.pdf
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Provider-level Strategies 
Incorporating the physical function optimization 
discussion in the pre-operative pathway 
Patient-level barriers to physical activity participation 
In discussing the benefits of physical activity with patients prior to embarking on a pre-operative physical 
activity program, is important for surgical providers to understand the current landscape of physical 
activity among adult Americans. Though the CDC recommends 150 minutes of physical activity per week 
(i.e., 30 minutes per day) for all adults,7 only 54% of adults meet the CDC’s minimum aerobic physical 
activity guidelines and 25% of adults do not engage in any leisure time physical activity (Click to open: 
Trends in Meeting the 2008 Physical Activity Guidelines, 2008-2018, CDC). This trend is more pronounced 
among older adults, who face higher barriers to participation in physical activity.8 
 
As such, it is important to understand the potential patient-level barriers to physical activity in order to 
conduct effective discussions with patients. Six primary barriers to physical activity participation have 
been identified,8 which have been highlighted by the Office of Disease Prevention and Health Promotion 
here:https://health.gov/news-archive/blog/2011/04/barriers-to-physical-activity-among-older-
adults/index.html.  
 
The Six Barriers to Physical Activity Participation: 

1. Lack of interest (#1) 
2. Shortness of breath 
3. Joint pain 
4. Perceived lack of fitness 
5. Lack of energy 
6. Doubting that exercise can lengthen life 

 
The CDC’s discussion of these common barriers and ways to overcome them can be found here: 
https://www.cdc.gov/physicalactivity/basics/adding-pa/barriers.html.  
 

Motivational interviewing and behavior change resources 
Motivational interviewing is a practical, short-term counseling method that helps people who express 
ambivalence towards a certain behavior to find the internal motivation to change their behavior.9 
Motivational interviewing can be implemented in pre-operative discussions with little disruption to 
workflow or increased time. 
 
The Behavior Change Wheel (BCW) is another method to frame discussions with patients around 
undertaking a pre-operative physical activity program. The BCW was developed from 19 frameworks of 
behavior change identified in a systematic review of the literature, and consists of three layers.10 The 
center, or hub, of the wheel identifies the sources of the behavior that could provide effective targets for 
intervention using the “capability, opportunity, motivation, and behavior” model (COM-B), which are all 
recognized to be interacting components of behavior. The middle layer consists of nine intervention 
functions to choose from based on the COM-B analysis. The outer later identifies seven policy categories 
that can support the delivery of these interventions. 

https://health.gov/news-archive/blog/2011/04/barriers-to-physical-activity-among-older-adults/index.html
https://health.gov/news-archive/blog/2011/04/barriers-to-physical-activity-among-older-adults/index.html
https://www.cdc.gov/physicalactivity/basics/adding-pa/barriers.html
https://ab3b2524-3c0d-4c96-9b76-5c3bb454b295.usrfiles.com/ugd/ab3b25_4b57b52cbc234254bb3a4b1053184720.pdf
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The Behavior Change Wheel (BCW) 

 
 
The table below from Michie et al defines each intervention and policy and provides examples of 
practical ways to implement each.10 
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Resources for Monitored and Partially Monitored 
Interventions 
Physical therapy referrals 
Physical therapy prehabilitation for colorectal surgery begins with a baseline assessment of the patient’s 
physical health: 

1. Assessment of functional status 
2. Identification of impairments 
3. Provision of information and therapy to promote physical health 

 
Depending on the type of insurance, patients may have coverage or prefer to pay out of pocket for 
individualized or group sessions with a physical therapist. Generally “prehabilitation” is not recognized by 
insurance companies as a billable reason for physical therapy. This means referring patients to a therapist 
with a diagnosis of “prehabilitation,” “colon cancer,” or “pre-op” generally will not be covered by 
insurance and may result in the patients having to pay in full the out of pocket cost for therapy. 
 
Covered diagnoses may include, for example, “generalized deconditioning,” “osteoporosis,” or “muscle 
weakness” depending upon the appropriate clinical situation. Please note, the diagnosis used to refer a 
patient to a provider must accurately reflect the patient’s underlying medical condition.  ISQIC strongly 
suggests direct communication with the consulting provider (i.e. recipient of the referral) prior to making 
a referral for physical therapy to ensure the proper diagnoses are used and to review patient implications 
of deductibles, co-pays, and justifiable diagnoses/codes. 
 
Partially monitored programs consist of a referral to physical therapy for a baseline assessment, after 
which the physical therapist will provide the patient with a self-guided, home-based exercise plan.  
 
 

Resources for Unmonitored Interventions 
Measuring baseline functional status 
In unmonitored programs where patients are not assessed by physical therapy providers or personal 
training professionals, there are several simple baseline assessments that can be conducted during a pre-
surgical visit to assess functional status. These tests are optional for motivated institutions and are not 
required for the ISQIC Prehabilitation Bundle.  
 
1. 6-minute walk test (6MWT) 
The 6-minute walk test measures the distance that a patient can safely walk on a flat, hard surface in a 
period of 6 minutes (6-minute walking distance).11 It is commonly used as a primary or secondary outcome 
in randomized clinical trials of pre-operative physical function optimization programs, which have 
demonstrated improved post-operative functional status in the pre-operative physical function groups.12-

15 
 
2. Timed Up and Go test (TUG) 
The Timed Up and Go test measures a patient’s mobility and requires the use of both static and dynamic 
balance, timing the period of time it takes for a person to get up from a chair, walk three meters, walk 
back to the chair, and sit down. 
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The attached handout from the CDC is a step-by-step tool for providers to easily conduct and record the 
TUG. (Click image to open PDF) 
 

 
 

  

https://ab3b2524-3c0d-4c96-9b76-5c3bb454b295.usrfiles.com/ugd/ab3b25_207467e2c1f4466bbcde3ffcda739cf5.pdf
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3. The Borg Scale of Perceived Exertion 
The Borg Scale measures how hard a patient feels they are working during different activities, on a scale 
from 6 to 20.16 The easier to use modified Borg scale may be useful for physicians when discussing physical 
exertion with patients. Prehabilitation exercises typically target a Borg score of 11-16 or modified Borg 
score of 3-6 (fairly light to hard exercise, ranging from walking through the grocery store to bicycling, 
swimming, or other activities that get the heart pounding and make breathing very fast).  
 
3A. Borg Scale

 
Source: https://www.hsph.harvard.edu/nutritionsource/borg-scale/ 

 
3B. Modified Borg Scale 

 
Source: Carli F, Gillis C and Scheeded-Bergdahl C. Promoting a culture of prehabilitation for the surgical cancer patient. Acta Oncologica. 
2017;56(2):128-33.  

https://www.hsph.harvard.edu/nutritionsource/borg-scale/
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Referrals and Reimbursement Options 
There is a variety of community based fitness classes that can be used to create or supplement partially 
monitored, monitored, or unmonitored programs. Be creative, there are many excellent resources out 
there! Call your local hospitals, outpatient physical therapy centers, and community centers. Many cities 
offer low cost and free activity classes. Many community and religion organizations offer fitness classes 
to the general public (e.g., YMCA/YWCA, Catholic Youth Organization [CYO], Jewish Community Center 
[JCC]). 
 
Examples of resources offered by hospitals in Illinois:* 

Loyola University Medical Center https://www.loyolafitness.org/ 

Northwestern Medicine https://classes.nm.org/wlp2/classes/search//1/$Type=FT 

Advocate Lutheran Hospital https://www.advocatehealth.com/luth/health-services/fitness-
wellness/classes-programs 

Shirley Ryan Ability Lab https://www.sralab.org/services/adaptive-fitness 

Amita Health https://classes.amitahealth.org/wlp2/#!/classes/find/1/$IgnoreCl
osed=true$ExcludeScreenings=false$ClassDate=02.09.2020$UserF
ield02=WLS 

* Please note: these links are just an example of classes your hospital may already offer and ISQIC does 
not endorse any particular institution. 

 
For those who are especially motivated to assist patients with insurance approvals for exercise equipment, 
pedometers, or personal trainers, the following resource explains how to write letters of medical necessity 
for FSA or HSA reimbursement: https://www.medicalhomeportal.org/issue/writing-letters-of-medical-
necessity. 

  

https://www.loyolafitness.org/
https://classes.nm.org/wlp2/classes/search/1/$Type=FT
https://www.advocatehealth.com/luth/health-services/fitness-wellness/classes-programs
https://www.advocatehealth.com/luth/health-services/fitness-wellness/classes-programs
https://www.sralab.org/services/adaptive-fitness
https://classes.amitahealth.org/wlp2/#!/classes/find/1/$IgnoreClosed=true$ExcludeScreenings=false$ClassDate=02.09.2020$UserField02=WLS
https://classes.amitahealth.org/wlp2/#!/classes/find/1/$IgnoreClosed=true$ExcludeScreenings=false$ClassDate=02.09.2020$UserField02=WLS
https://classes.amitahealth.org/wlp2/#!/classes/find/1/$IgnoreClosed=true$ExcludeScreenings=false$ClassDate=02.09.2020$UserField02=WLS
https://www.medicalhomeportal.org/issue/writing-letters-of-medical-necessity
https://www.medicalhomeportal.org/issue/writing-letters-of-medical-necessity


19 
 

Patient-level strategies 
ISQIC Physical Activity Guide  
(Click image to open PDF) 

 

https://ab3b2524-3c0d-4c96-9b76-5c3bb454b295.usrfiles.com/ugd/ab3b25_59b11bdefcea4f59ac7d6854b5baa7cc.pdf
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Other Patient Education Resources 
The following resources contain educational handouts for patients on the benefits of physical activity, 
activity planning resources, and strategies to overcome barriers to participation: 
 

Make Physical Activity a Regular Part of 
the Day 

https://www.choosemyplate.gov/resources/physic
al-activity-tips 

MyPlate MyWins: An active lifestyle https://www.choosemyplate.gov/eathealthy/mypla
te-mywins 

Small Steps to Increase Physical Fitness https://www.acefitness.org/education-and-
resources/lifestyle/blog/6765/small-steps-to-
increase-physical-activity 

Be Active Your Way Click here to open 

Move Your Way Activity Planner https://health.gov/moveyourway/activity-planner/ 
Overcoming barriers to completing 
physical activity 

https://www.cdc.gov/physicalactivity/basics/addin
g-pa/barriers.html 

Social support: Engaging family 
members to improve adherence - Tip 
Sheet - Engaging Family Members 

https://choosemyplate-
prod.azureedge.net/sites/default/files/tentips/DGT
ipsheet29BeAnActiveFamily_0.pdf 

Additional Resources for Unmonitored Programs 
The following resources contain educational handouts and resources for patients as an adjunct to the 
ISQIC Physical Activity Guide: 

• NM Pre-operative Walking Program (click image to open PDF) 

 

https://urldefense.proofpoint.com/v2/url?u=https-3A__www.choosemyplate.gov_resources_physical-2Dactivity-2Dtips&d=DwMFAg&c=yHlS04HhBraes5BQ9ueu5zKhE7rtNXt_d012z2PA6ws&r=a3_KHjRSohbh-zhZW9FgWWmYNbJlolfNn7aLvtsP4cA&m=jbsQ3wAE5VWDHgQF-6AYIpq5b8JGcYIi94FzWnspHBE&s=hO1orJquPv6REhm9OKipxAafht0ucNYzO3r-CsJ9zT0&e=
https://urldefense.proofpoint.com/v2/url?u=https-3A__www.choosemyplate.gov_resources_physical-2Dactivity-2Dtips&d=DwMFAg&c=yHlS04HhBraes5BQ9ueu5zKhE7rtNXt_d012z2PA6ws&r=a3_KHjRSohbh-zhZW9FgWWmYNbJlolfNn7aLvtsP4cA&m=jbsQ3wAE5VWDHgQF-6AYIpq5b8JGcYIi94FzWnspHBE&s=hO1orJquPv6REhm9OKipxAafht0ucNYzO3r-CsJ9zT0&e=
https://www.choosemyplate.gov/eathealthy/myplate-mywins
https://www.choosemyplate.gov/eathealthy/myplate-mywins
https://urldefense.proofpoint.com/v2/url?u=https-3A__www.acefitness.org_education-2Dand-2Dresources_lifestyle_blog_6765_small-2Dsteps-2Dto-2Dincrease-2Dphysical-2Dactivity&d=DwMFAg&c=yHlS04HhBraes5BQ9ueu5zKhE7rtNXt_d012z2PA6ws&r=a3_KHjRSohbh-zhZW9FgWWmYNbJlolfNn7aLvtsP4cA&m=jbsQ3wAE5VWDHgQF-6AYIpq5b8JGcYIi94FzWnspHBE&s=a748uWK9Lk1FHvL1AmfZp02KGwDx1PqQlXbNlrh0SYQ&e=
https://urldefense.proofpoint.com/v2/url?u=https-3A__www.acefitness.org_education-2Dand-2Dresources_lifestyle_blog_6765_small-2Dsteps-2Dto-2Dincrease-2Dphysical-2Dactivity&d=DwMFAg&c=yHlS04HhBraes5BQ9ueu5zKhE7rtNXt_d012z2PA6ws&r=a3_KHjRSohbh-zhZW9FgWWmYNbJlolfNn7aLvtsP4cA&m=jbsQ3wAE5VWDHgQF-6AYIpq5b8JGcYIi94FzWnspHBE&s=a748uWK9Lk1FHvL1AmfZp02KGwDx1PqQlXbNlrh0SYQ&e=
https://urldefense.proofpoint.com/v2/url?u=https-3A__www.acefitness.org_education-2Dand-2Dresources_lifestyle_blog_6765_small-2Dsteps-2Dto-2Dincrease-2Dphysical-2Dactivity&d=DwMFAg&c=yHlS04HhBraes5BQ9ueu5zKhE7rtNXt_d012z2PA6ws&r=a3_KHjRSohbh-zhZW9FgWWmYNbJlolfNn7aLvtsP4cA&m=jbsQ3wAE5VWDHgQF-6AYIpq5b8JGcYIi94FzWnspHBE&s=a748uWK9Lk1FHvL1AmfZp02KGwDx1PqQlXbNlrh0SYQ&e=
https://health.gov/moveyourway/activity-planner/
https://www.cdc.gov/physicalactivity/basics/adding-pa/barriers.html
https://www.cdc.gov/physicalactivity/basics/adding-pa/barriers.html
https://choosemyplate-prod.azureedge.net/sites/default/files/tentips/DGTipsheet29BeAnActiveFamily_0.pdf
https://choosemyplate-prod.azureedge.net/sites/default/files/tentips/DGTipsheet29BeAnActiveFamily_0.pdf
https://choosemyplate-prod.azureedge.net/sites/default/files/tentips/DGTipsheet29BeAnActiveFamily_0.pdf
https://ab3b2524-3c0d-4c96-9b76-5c3bb454b295.usrfiles.com/ugd/ab3b25_a9d82b4e898846d88cc4f0dff986021f.pdf
https://ab3b2524-3c0d-4c96-9b76-5c3bb454b295.usrfiles.com/ugd/ab3b25_5be7cd66b20248aca7e841dbf6c30ef7.pdf
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Web- and App-based Resources 
• Exercise applications and web-based planners: 

1. Move Your Way Activity Planner 
 Move Your Way Activity Planner, created by Health.gov, walks users 

through setting their own weekly goals using the national guidelines for 
physical activity, choose their activities, and get help staying motivated. 

 https://health.gov/moveyourway/activity-planner/  
2. MyFitnessPal and MapMyFitness 

 MyFitnessPal and MapMyFitness are easy ways to log and keep track of 
physical activity, with apps for both iPhone and Android.  

 https://www.myfitnesspal.com/ 
 https://www.mapmyfitness.com/    

https://health.gov/moveyourway/activity-planner/
https://www.myfitnesspal.com/
https://www.mapmyfitness.com/
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1. Additional Resources 
 

The Use of Physical Functioning Improvement as Part of a Larger Prehabilitation Program: 
Click on the publication title below to access the article providing support for the program. 

 
• Single institutions: 

1. Howard R, Yin YS, McCandless L, Wang S, Englesbe M, Machando-Aranda D. Taking 
Control of Your Surgery: Impact of a Prehabilitation Program on Major Abdominal 
Surgery. J Am Coll Surg. 2019;228(1):72-80. 

2. Liang MK, Bernardi K, Holihan J, et al. Modifying Risks in Ventral Hernia Patients 
With Prehabilitation. Ann Surg. 2018;268:674-680. 

3. Mayo NE, Feldman L, Scott S, et al. Impact of preoperative change in physical 
function on postoperative recovery: Argument for supporting prehabilitation for 
colorectal surgery. Surgery. 2011;150(3):505-514. 

• Meta-analysis: 
1. Piraux E, Caty G, and Reychler G. Effects of preoperative combined aerobic and 

resistance exercise training in cancer patients undergoing tumour resection surgery: 
A systematic review of randomised trials. Surg Oncol. 2018;27(3):584-594. 

• Review Articles, Commentaries, and Editorials: 
1. Baldini G, Ferreira V, and Carli F. Preoperative Preparations for Enhanced Recovery 

After Surgery Programs: A Role for Prehabilitation. Surg Clin N Am. 2018;98(6):1149-
1169. 

2. Carli F, Silver JK, Feldman LS, et al. Surgical Prehabilitation in Patients with Cancer: 
State-of-the-Science and Recommendations for Future Research from a Panel of 
Subject Matter Experts. Phys Med Rehabil Clin N Am. 2017;28(1):49-64. 

3. Wynter-Blyth V and Moorthy K. Prehabilitation: preparing patients for surgery. BMJ. 
2017;358:j3702. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

https://ab3b2524-3c0d-4c96-9b76-5c3bb454b295.usrfiles.com/ugd/ab3b25_3230571d0c114beda36bb6027e322225.pdf
https://ab3b2524-3c0d-4c96-9b76-5c3bb454b295.usrfiles.com/ugd/ab3b25_daf56fe2e6bf4500baad4cff65368b61.pdf
https://ab3b2524-3c0d-4c96-9b76-5c3bb454b295.usrfiles.com/ugd/ab3b25_6db3daf7eb9e491b8ea2e3b86e333e3d.pdf
https://ab3b2524-3c0d-4c96-9b76-5c3bb454b295.usrfiles.com/ugd/ab3b25_1d48173992824c219f87747c00573ca6.pdf
https://ab3b2524-3c0d-4c96-9b76-5c3bb454b295.usrfiles.com/ugd/ab3b25_00c003057897472881d320736d8f6588.pdf
https://ab3b2524-3c0d-4c96-9b76-5c3bb454b295.usrfiles.com/ugd/ab3b25_b00544311e4e4f389f4b319e830a3959.pdf
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Taking Control of Your Surgery: Impact of a
Prehabilitation Program on Major


Abdominal Surgery


Ryan Howard, MD, Yue S Yin, BS, Lane McCandless, BS, Stewart Wang, MD, FACS,
Michael Englesbe, MD, FACS, David Machado-Aranda, MD, FACS

BACKGROUND: Surgery is a major physiologic stress comparable to intense exercise. Diminished cardiopul-
monary reserve is a major predictor of poor outcomes. Current preoperative workup focuses
mainly on identifying risk factors; however, little attention is devoted to improving cardiopul-
monary reserve beyond counseling. We propose that patients could be optimized for a
“surgical marathon” similar to the preparation of an athlete.


STUDY DESIGN: The Michigan Surgical and Health Optimization Program (MSHOP) is a formal prehabili-
tation program that engages patients in 4 activities before surgery: physical activity, pulmo-
nary rehabilitation, nutritional optimization, and stress reduction. We prospectively collected
demographic, intraoperative (first hour), and postoperative data for patients enrolled in
MSHOP undergoing major abdominal surgery. Statistical analysis was performed using
2:1 propensity score matching to compare the MSHOP group (n ¼ 40) to emergency
(n ¼ 40) and elective, non-MSHOP (n ¼ 76) patients.


RESULTS: Overall, 70% of MSHOP patients complied with the program. Age, sex, American Society of
Anesthesiologists (ASA) classification, and BMI did not differ significantly between groups.
One hour intraoperatively, MSHOP patients showed improved systolic and diastolic blood
pressures and lower heart rate (Figure). There was a significant reduction in Clavien-
Dindo class 3 to 4 complications in the MSHOP group (30%) compared with the
nonprehabilitation (38%) and emergency (48%) groups (p ¼ 0.05). This translated to
total hospital charges averaging $75,494 for the MSHOP group, $97,440 for the non-
prehabilitation group, and $166,085 for the emergency group (p < 0.001).


CONCLUSIONS: Patients undergoing prehabilitation before colectomy showed positive physiologic effects and
experienced fewer complications. The average savings of $21,946 per patient represents a
significant cost offset for a prehabilitation program, and should be considered for all
patients undergoing surgery. (J Am Coll Surg 2019;228:72e80. � 2018 by the American
College of Surgeons. Published by Elsevier Inc. All rights reserved.)

Surgery is a significant physiologic stress comparable to
intense exercise.1 It causes increased metabolism and
catabolism, increased oxygen uptake, stress hormone pro-
duction, and release of inflammatory cytokines.2,3
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Although this stressor affects all patients undergoing
surgery, frail patients with poor cardiopulmonary reserve
and overall physical deconditioning do worse in response
to this major stressor. Frail patients are less able to
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Abbreviations and Acronyms


ASA ¼ American Society of Anesthesiologists
DBP ¼ diastolic blood pressure
HR ¼ heart rate
MAP ¼ mean arterial pressure
MSHOP ¼ Michigan Surgical and Health Optimization


Program
SBP ¼ systolic blood pressure
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compensate for these increased metabolic demands,
resulting in physiologic dysregulation.4 Consequently,
frail patients have an increased rate of postoperative com-
plications.5 Frailty has also been shown to be associated
with increased mortality, morbidity, and poor outcomes
overall.6,7 This results in increased hospital costs and greater
resource use for frail patients compared with nonfrail pa-
tients.8,9 Prehabilitationdor “training for surgery”d
can improve a patient’s functional status before this major
stressor, and therefore, has the potential to improve
outcomes.10


To date, data are mixed on the effects of prehabilita-
tion. It is generally accepted that prehabilitation before
surgery results in a more rapid return to baseline func-
tional capacity after surgery.11-13 Prehabilitation has also
been shown to reduce postoperative complications, but
studies that have investigated mortality outcomes have
had equivocal results.14 Although there has been a large
focus on postoperative outcomes in patients undergoing
prehabilitation, few studies have addressed the specific
physiologic effects that prehabilitation has on patients un-
dergoing surgery. Moreover, less is known about the po-
tential cost savings associated with prehabilitation.
Because prehabilitation is first and foremost a form of
physiologic conditioning for patients about to undergo
the “marathon” of surgery, further study is needed of
the physiologic changes that result.
Within this context, we sought to analyze the physi-


ologic effects and outcomes of prehabilitation on
patients undergoing major abdominal surgery. Our
goal was to compare these differences in patients under-
going major abdominal surgery after they participated
in a formal prehabilitation program. These patients
were compared with a similar cohort of patients who
underwent abdominal surgery without participating in
prehabilitation, as well as a cohort of patients who
underwent emergent abdominal surgery. Understanding
the physiologic, clinical, and financial effects of surgical
prehabilitation may further assist clinicians in targeting
high-risk patients who may benefit from this type of
intervention.

METHODS
This study was approved by the Institutional Review
Board. A retrospective chart review was conducted to
identify adult patients who underwent major abdominal
surgery between 2012 and 2017 at a single academic
health system. Procedures primarily included open and
laparoscopic colectomy, hemicolectomy, and ostomy
takedown. Patients were included if they participated in
our institution’s formalized surgical prehabilitation
program before their surgery. We then selected a random
sample of patients who underwent elective and emergency
abdominal surgery during the same time period for
comparison via propensity score matching.


Propensity score matching


Patients undergoing prehabilitation were propensity score
matched to patients undergoing elective abdominal
surgery and patients undergoing emergency abdominal
surgery. A 2-to-1 propensity score match was performed
for prehabilitation and elective surgery patients. A 1-to-
1 propensity score match was performed for patients
undergoing emergency surgery. Patients were matched
on age, sex, BMI, American Society of Anesthesiologists
(ASA) classification, cancer diagnosis, and smoking status,
as well as surgical procedure and characteristics related to
their procedure (operative time, laparoscopic vs open
procedure).
Frailty was compared between groups by calculating to-


tal psoas muscle size for each patient, a method described
elsewhere. In brief, cross-sectional imaging was used to
measure the total psoas muscle size in each patient with
available imaging. The areas of the left and right psoas
muscles were outlined at the inferior border of the fourth
lumbar vertebral body and summed to compute the total
psoas muscle area (cm2).15,16 This was then normalized
across patients by calculating a frailty index for each
patient as total psoas muscle area (cm2)/total body surface
area (m2).17,18 Total body surface area (TBSA) was
computed using the Du Bois formula as TBSA¼ ([weight
(kg)0.425 � height (m)0.725] � 0.007184).19 Sarcopenia was
defined as a frailty index less than the median for all
patients. Values were calculated independently between
males and females, then for each group using sex as a
covariate.


Michigan Surgical and Health Optimization
Program


The Michigan Surgical and Health Optimization
Program (MSHOP) is a structured prehabilitation pro-
gram available to select patients before surgery at our
institution.20,21 It is offered to patients undergoing major
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abdominal or thoracic surgery, with at least 2 weeks
between enrollment and surgery. There are no discrete in-
clusion criteria, and referral to the program is made at the
surgeon’s discretion. The MSHOP engages patients in 4
domains: walking (patients receive a pedometer to track
steps); breathing (patients receive an incentive spirom-
eter); nutrition and stress management; and smoking
cessation, as appropriate. Patients receive a DVD and
brochure with instructions and resources for each domain,
as well as a way to log their participation. Lastly, during
their involvement in the program, they receive emails,
phone messages, and text message-based reminders to
continue.


Variables and outcomes


Demographic data included age, sex, BMI, ASA classifi-
cation, cancer diagnosis, and smoking status. Procedure
characteristics included length of surgery, laparoscopic
vs open surgery, estimated blood loss, use of blood
products, and postoperative admission to an ICU.
Because prehabilitation has been shown to improve
physiologic reserve during a major stressor such as sur-
gery, intraoperative physiologic data were collected.22


Physiologic variables included systolic blood pressure
(SBP), diastolic blood pressure (DBP), and heart rate
(HR). These variables were recorded at induction of
anesthesia and again at 1 hour into surgery. The differ-
ence between these 2 points was calculated to represent
physiologic variability during this time. Within this
hour, SBP, DBP, and HR were recorded at 5-minute in-
tervals. Physiologic variability was further calculated by
measuring a continuous line between these points for
SBP, DBP, and HR. We also calculated the number
of times there was a >20-point change over a
5-minute interval for SBP and DBP in mmHg, and
for HR in beats per minute.
Complications were represented on the Clavien-Dindo


Classification scale from I to V.23 They were grouped as
none, minor complications (class I to II), major complica-
tions (class III to IV), and death (class V).
The primary financial outcomes included hospital


charges, professional charges, and total charges for each
patient. All financial data were obtained from billing
records at our institution. The cost of the MSHOP pro-
gram is not included in hospital charges; however, we
have previously reported that the program costs roughly
$100 per patient.


Statistical analysis


All continuous primary outcomes variables were
compared between the 3 groups using 1-way analysis of
variance (ANOVA). Where a significant difference was

found, Bonferroni post-hoc analysis was conducted to
specifically compare the prehabilitation group with the
elective surgery group. For analysis of hospital charges,
linear regression was conducted to control for open vs
laparoscopic surgery and length of stay. Categorical
variables were compared between groups using
chi-square test. Two-sided significance tests were used
for all analyses, and significance was set at p � 0.05. All
analyses were conducted using Stata 15 (StataCorp).

RESULTS


Demographics


After propensity score matching, the following groups
were included for analysis: 40 patients enrolled in
MSHOP who underwent abdominal surgery, 76 patients
who underwent elective abdominal surgery, and 40
patients who underwent emergency abdominal surgery.
Demographic data for the 3 groups are presented in
Table 1. There was a significant difference in ASA classi-
fication between groups, with an increased frequency of
ASA IV to V patients in the emergency surgery group.
There was no significant difference in the incidence of
smoking between groups (p ¼ 0.142); however, 3 of 4
smokers in the prehabilitation group reported cessation
before surgery. There was a higher incidence of cancer
in the elective surgery group. Lastly, there was a signifi-
cant difference in the use of laparoscopy between patients
in the MSHOP, elective, and emergency groups (70% vs
53% vs 3%, p< 0.001). Comparison of the MSHOP and
elective groups revealed a nonsignificant difference
between laparoscopic and open surgery (p ¼ 0.08). There
was no difference in operative time between groups.
A total of 19 different surgeons performed the opera-


tions. There was no significant difference in surgeon
distribution between the MSHOP and elective groups
(p ¼ 0.465) or between the MSHOP and emergency
groups (p ¼ 0.175). The MSHOP referrals were made
by 12 of the 19 surgeons. A total of 46 anesthesiologists
provided anesthesia for the operations. There was no
significant difference in anesthesiologist distribution
between the MSHOP and elective groups (p ¼ 0.334)
or between the MSHOP and emergency groups
(p ¼ 0.208).
Cross-sectional imaging was available for 32 patients in


the MSHOP group, 76 patients in the elective group, and
38 patients in the emergency group (Table 2). Total psoas
muscle area was significantly different between groups for
males (p ¼ 0.008) but not for females (p ¼ 0.431). How-
ever, after normalizing for total body surface area, there
was a significant difference in frailty index between groups
for both males and females (p ¼ 0.002, p ¼ 0.045,







Table 1. Demographic and Procedural Characteristics


Demographic or characteristic MSHOP (n ¼ 40) Elective (n ¼ 76) Emergency (n ¼ 40) p Value


Age, y, mean (SD) 59.3 (10.8) 58.3 (13.2) 54.5 (17.8) 0.252


Female sex, % 48 50 45 0.874


BMI, kg/m2, mean (SD) 30.2 (7.7) 29.9 (7.2) 28.5 (9.6) 0.601


ASA classification, %


I 0 0 3 0.005


IIeIII 98 96 77


IVeV 3 4 20


Current smoker, % 10 26 18 0.142


Cancer diagnosis, % 35 53 27 0.02


Laparoscopic procedure, % 70 53 3 <0.001


Operative time, min, mean (SD) 241.4 (114.2) 226.7 (98.4) 220.1 (87.1) 0.614


There is no significant difference between MSHOP and elective groups.
ASA, American Society of Anesthesiologists; MSHOP, Michigan Surgical and Health Optimization Program.
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respectively). Sex-adjusted total psoas muscle size and
frailty index were significantly different between groups
(p ¼ 0.004). Post-hoc analysis revealed that patients
enrolled in MSHOP had significantly smaller psoas
muscle size compared with non-MSHOP patients under-
going elective surgery (21.98 � 7.75 vs 25.27 � 8.38,
p ¼ 0.002). Overall, sarcopenia was more common in
patients in the MSHOP group compared with the elective
surgery and emergency surgery groups (73% vs 42% vs
45%, p ¼ 0.01).


Physiologic


There were significant differences in physiologic variables
between the 3 groups. At the start of the operation,
MSHOP patients had significantly lower SBP than non-
MSHOP and emergency patients (Table 3). At 1 hour
into the operation, MSHOP patients had an increase in
SBP compared with non-MSHOP and emergency
groups, both of which had a decrease in SBP at 1 hour

Table 2. Frailty Data Compared Between Groups


Group MS


Male, n


Total psoas muscle area, cm2, mean (SD) 24.90


Frailty index, mean (SD) 11.64


Sarcopenia, %


Female, n


Total psoas muscle area, cm2, mean (SD) 17.29


Frailty index, mean (SD) 8.57


Sarcopenia, %


All patients, n


Sex-adjusted total psoas muscle area, cm2, mean (SD) 21.09


Sex-adjusted frailty index, mean (SD) 10.11


Sarcopenia, %


*Significant difference between MSHOP and elective groups (p < 0.05).
MSHOP, Michigan Surgical and Health Optimization Program.

(Fig. 1A). There was no significant difference in DBP be-
tween groups at the start of the operation. At 1 hour,
MSHOP patients had a significant increase in DBP
compared with the other groups (Fig. 1B). Mean arterial
pressure (MAP) was significantly lower in MSHOP pa-
tients at the start of the operation. At 1 hour, MSHOP
patients had a significant increase in MAP compared
with both elective and emergency groups, which had a
decrease in MAP at 1 hour.
There was a significant difference in heart rate between


groups at the start of the operation (p¼ 0.015). However,
post hoc analysis revealed that the difference
between MSHOP and elective groups was not significant
(p ¼ 0.978).
Physiologic variability during the first hour of surgery


was different between groups (Table 3). The length of a
continuous line charting SBP was significantly different
between groups (p ¼ 0.008), with post-hoc analysis
revealing that this was greater in the MSHOP group

HOP Elective Emergency p Value


16 38 20


(7.99)* 31.43 (5.93) 29.30 (7.27) 0.008


(4.57)* 14.67 (1.94) 14.91 (3.34) 0.002


75 37 45 0.036


16 38 18


(5.42) 19.10 (5.37) 17.65 (5.06) 0.431


(3.05)* 10.65 (2.82) 10.34 (2.66) 0.045


65 45 44 0.350


32 76 38


(7.75)* 25.27 (8.38) 23.78 (8.58) 0.006


(4.13)* 12.66 (3.14) 12.75 (3.79) <0.001


73 42 45 0.010







Table 3. Physiologic Characteristics and Variability


Characteristic MSHOP (n ¼ 40) Elective (n ¼ 76) Emergency (n ¼ 40) p Value


SBP, mmHg, mean (SD)


Start 106 (19)* 121 (21) 123 (28) 0.001


1-hour 114 (20) 116 (17) 120 (25) 0.373


Change 8 (25)y �6 (23) �7 (33) 0.016


DBP, mmHg, mean (SD)


Start 61 (11) 66 (13) 65 (16) 0.146


1-hour 68 (11) 66 (12) 65 (15) 0.613


Change 7 (13)y 0 (13) 0 (17) 0.031


Mean arterial pressure, mmHg, mean (SD)


Start 76 (13)y 85 (15) 84 (18) 0.014


1-hour 83 (13) 82 (13) 83 (16) 0.918


Change 7 (16)y �2 (16) �1 (21) 0.024


HR, beats per min, mean (SD)


Start 76 (14) 79 (15) 86 (22) 0.015


1-hour 74 (14) 75 (12) 84 (20) 0.008


Change �2 (12) �4 (14) �3 (23) 0.803


Length, mean (SD)


SBP 3.56 (1.10) 3.20 (0.98) 2.83 (0.98) 0.008


DBP 2.18 (0.53) 2.13 (0.51) 1.92 (0.64) 0.081


HR 1.82 (0.68) 1.71 (0.55) 1.73 (0.82) 0.703


Frequency change, >20 mmHg, mean (SD)


SBP 9.26 (2.99)* 7.00 (2.75) 7.56 (3.91) 0.002


DBP 5.74 (2.97) 4.97 (2.43) 3.79 (2.69) 0.006


HR 3.47 (2.93) 2.97 (3.87) 2.59 (3.24) 0.430


*Significant difference between MSHOP and elective groups (p < 0.001).
ySignificant difference between MSHOP and elective groups (p < 0.05).
DBP, diastolic blood pressure; HR, heart rate; MSHOP, Michigan Surgical and Health Optimization Program; SBP, systolic blood pressure.
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compared with the emergency group (p ¼ 0.005).
Compared with both elective and emergency groups,
patients in the MSHOP group had more variability in
systolic and diastolic blood pressure (p ¼ 0.002,
p ¼ 0.006, respectively), as measured by the number of
5-minute variations > 20 points.


Outcomes and complications


There was no significant difference in length of hospital
stay between the MSHOP and elective groups
(p ¼ 1.0). However, the emergency group had a signifi-
cantly longer length of stay by roughly 4 days compared
with the other groups (p ¼ 0.003). Rate of hospital
readmission within 30 days was similar between groups
(p ¼ 0.737).
The MSHOP patients were less likely to be admitted to


an ICU after surgery and less likely to require transfusion
of blood products during surgery (Table 4). The MSHOP
patients experienced fewer complications compared with
patients undergoing elective and emergency surgery
(p ¼ 0.05) (Table 4). As shown in the table, MSHOP
patients had the highest rate of no complication (70%

vs 61% vs 53%) and the lowest rates of minor complica-
tion (18% vs 21% vs 23%) (Fig. 2). Rate of major
complication was lower in MSHOP patients compared
to non-MSHOP elective patients (10% vs 16%), but
not compared to emergency patients (10% vs 10%).
Deaths were most common in patients undergoing emer-
gency surgery (15%).


Financial outcomes


Mean total hospital charges for patients enrolled in
MSHOP were $75,493.97 � $55,151.21, compared
with $97,439.88 � $100,377.06 for elective patients
and $166,085.44 � $124,394.84 for emergency patients
(p < 0.001) (Table 4). Post hoc analysis revealed that
although the total charges for MSHOP patients are lower
than in both groups, this difference is significant only be-
tween MSHOP and emergency groups (p < 0.001)
(Fig. 3).
Patients undergoing laparoscopic surgery also


had increased hospital charges of $138,158.60 �
$125,337.06 compared with $73,171.11 � $46,910.44
for patients undergoing open surgery (p < 0.001).







Figure 1. (A) Change in systolic blood pressure (SBP) and (B) dia-
stolic blood pressure (DBP) after the first hour of surgery. Patients
who participated in the Michigan Surgical and Health Optimization
Program (MSHOP) had significantly increased SBP and DBP 1 hour
into surgery compared with both elective and emergency surgery
patients.


Table 4. Clinical Outcomes and Cost


Outcome MSHOP (n ¼ 40)


ICU admission, % 0


Blood product administration, % 0


Length of stay, d, mean (SD) 7.6 (5.5)


Readmission, % 23


Complication, %


None 70.0


Minor 17.5


Major 10.0


Death 2.5


Mortality 2.5


Total charge, $, mean (SD) 75,493.97 (55,151.21) 97


System charge, $, mean (SD) 67,083.97 (50,409.17) 8


Professional charge, $, mean (SD) 11,038.12 (5,861.32) 1


MSHOP, Michigan Surgical and Health Optimization Program.
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Hospital length of stay also contributed to hospital
charges, with a $11,173.67 � $852.51 increase for every
hospital day (p < 0.001). Importantly, however, after
controlling for both of these factors, total charges were
still significantly less for the prehabilitation group
compared with both elective and emergency surgery
groups. Specifically, this model revealed that hospital
charges for the prehabilitation group were $25,785.96
� $6,417.83 less compared to the elective surgery group
(p< 0.001) and $65,039.31� $17,856.68 less compared
to the emergency surgery group (p < 0.001).


DISCUSSION
The major finding of this study is that surgical prehabili-
tation may convey a variety of multifactorial benefits to
patients undergoing major abdominal surgery. Specif-
ically, patients who completed prehabilitation through
our institution’s MSHOP program had better physiologic
characteristics during surgery, fewer complications, and
may derive a moderate hospital savings compared with
other patients.
These findings reinforce a number of the benefits of


prehabilitation that have been demonstrated in earlier
studies. Frail patients are physiologically deconditioned
at baseline, and therefore are expected to experience
more complications compared with otherwise healthy pa-
tients undergoing elective surgery. Prehabilitation has
been shown to reduce this rate of complications.24


Although referral to our institution’s prehabilitation
program was not based on explicit inclusion criteria, psoas
muscle size analysis revealed that there was a higher
incidence of frailty in patients who were referred to
MSHOP. As a result, these patients should be expected
to do worse. This study demonstrates that surgical

Elective (n ¼ 76) Emergency (n ¼ 40) p Value


2.70 47.50 <0.001


1.30 15.00 0.001


7.6 (7.2) 11.9 (6.8) 0.003


18 22 0.737


61.3 52.5 0.050


21.3 22.5


16.0 10.0


1.3 15.0


1.3 15.0 0.005


,439.88 (100,377.06) 166,085.44 (124,394.84) 0.001


2,198.04 (93,538.02) 144,858.53 (113,169.23) <0.001


5,249.84 (9,238.38) 21,226.89 (12,552.24) <0.001
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Figure 3. Differences in total hospital charges between 3 groups.
Total costs were significantly lower for the Michigan Surgical and
Health Optimization Program (MSHOP) group compared with the
emergency surgery group; however, this decreased cost was not
significantly different compared with the elective surgery group’s
cost.
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Figure 2. Comparison of postoperative complications between
groups. MSHOP, Michigan Surgical and Health Optimization
Program.
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prehabilitation is beneficial in that these patients do not
have the inferior outcomes that they are expected to
have. Moreover, patients who completed prehabilitation
had superior outcomes in some cases. When they experi-
enced complications, for example, these complications
were more likely to be minor compared with those in
both elective and emergency surgery groups. Prehabilita-
tion patients also did not have higher rates of hospital
readmission compared with the other groups. It is worth
noting, however, that the readmission rate of roughly
20% across all patients is high compared to the reported
average of 10% to 15% after colorectal surgery.25 As a
quaternary referral center, it may be the case that patient
complexity drives this increased readmission rate.
Currently, however, our data preclude further analysis
of readmission diagnosis and treatment. Future work
should examine the role that prehabilitation plays in
hospital readmission.
It is well established that frail patients have a reduced


physiologic reserve, and prehabilitation can optimize
this prior to surgery.26 Simple exercise before surgery
improves lung capacity and overall cardiopulmonary
function.27,28 A unique finding of this study is that this
benefit translates to improved physiologic reserve during
surgery itself. Patients who have diminished physiologic
reserve are less able to respond to stressors, which
translates to less variability in parameters such as blood
pressure and heart rate.29 For example, lower preoperative
heart rate variability has been associated with greater risk
of hypotension after anesthesia induction, as well as post-
operative cardiac events.30,31 Although patients who
underwent prehabilitation did have nonsignificantly
increased heart rate variability, they demonstrated signif-
icantly increased variability in blood pressure, with an
overall increase in systolic and diastolic blood pressure
an hour into surgery compared with both other groups.
This suggests that the improvements in physiologic

reserve resulting from prehabilitation may translate into
improved ability to respond to intraoperative stressors,
whereas patients who do not undergo prehabilitation are
more likely to be at their “physiologic maximum”
throughout surgery.
Our analysis revealed that there is a significant savings


when comparing total charges between the prehabilitation
group and patients undergoing emergency surgery. This is
unsurprising given that emergent status imparts signifi-
cant risk and increased resource use compared with
elective surgery.32 The lack of a significant difference in
charges between prehabilitation and elective patients,
however, is not necessarily a negative finding. Given the
finding of increased frailty in these patients, these patients
should be reasonably expected to result in increased health
system resource use, as reflected by higher charges. There-
fore, this study demonstrates that at the very least, the
anticipated increased expenditures are offset by partici-
pating in prehabilitation. Further study is needed to
determine what drove these financial differences.
This study is not without its limitations. First, we only


investigated the effects of a single institution’s prehabilita-
tion program (MSHOP). Given the practical and
logistical challenges of implementing a functional preha-
bilitation program, there are, no doubt, considerable
differences in these programs between institutions. There-
fore, prehabilitation at other health systems may have
different effects, limiting the generalizability of our
results. Another limitation is the difference in laparo-
scopic vs open surgery between groups. As expected, the
emergency surgery group underwent almost exclusively
open procedures, which likely plays a role in patient
outcomes. Additionally, surgeons were at their discretion
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to enroll patients in MSHOP before surgery. This detracts
from the homogeneity of the group, although this aspect
may be more representative of a “real world” prehabilita-
tion cohort because the definition of frailty is unclear.
Nevertheless, this limitation was addressed by retrospec-
tively comparing frailty data between groups to determine
that there was a higher incidence of frailty in the MSHOP
group.
Developing a more robust prehabilitation program in


the future may rely on objective prospective criteria to
target patients who may derive the most benefit from
prehabilitation before surgery. Another limitation is the
lack of preoperative data regarding the effects of prehabi-
litation before surgery. These data reflect intraoperative
physiologic function after prehabilitation; however, it is
also important to capture the effects of prehabilitation
before surgery (such as changes in baseline vital signs,
cardiopulmonary function, and protein intake). This
would be similar to reporting the incidence of smoking
cessation, as mentioned previously.


CONCLUSIONS
Patients who complete surgical prehabilitation experience
a number of benefits compared with patients who un-
dergo elective abdominal surgery without prehabilitation
and patients undergoing emergency abdominal surgery.
These benefits include improved physiologic characteris-
tics during surgery, reduced rate of complications, and
lower charges. Further studies are needed to determine
whether it is these physiologic benefits that drive the
reduction in complications and financial variation.
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Categories (Choose 
activities from both) What activities count? How often should I 


do them? 


 
 
 


Aerobic Activity 
 


You can choose to do 
Moderate or 


Vigorous activities 


Moderate Activities 
You should be able to talk while doing moderate activities 


Examples: 
Walking briskly 


Biking on level ground 
Sports such as baseball or tennis (doubles) 


Ballroom dancing 
Water aerobics 


Aim for 30 to 60 
minutes each day for 5 


days per week, or a 
total of 150 to 300 
minutes per week 


Vigorous Activities 
You should only be able to say a few words while doing 


vigorous activities 


Examples: 
Running or jogging 


Biking faster than 10 miles per hour 
Sports such as basketball or soccer 


Aerobic dance, such as Zumba 
Jumping rope 


Aim for a total of 75 to 
150 minutes each 


week, for at least 10 
minutes at a time 


 
 
 


Muscle 
Strengthening 


Activity 


Choose five exercises that target the major 
muscle groups. These include legs, back, 


chest, arms, stomach, shoulders, and hips. 
 


Do 8-12 repetitions of each exercise per 
session. 


Aim for 30 minutes 
each day for at least 2 


days per week 


 


ISQIC Physical Activity Guide   


Research shows that participating in physical activity even just a few weeks before surgery 
can improve recovery and possibly decrease complications from your surgery. 


Physical activity programs include both aerobic activity, such as walking or running, and 
muscle strengthening, which uses resistance bands, hand weights, or body weight. 


Use the guide below to plan your physical activity program. Your weekly plan should include 
both aerobic and muscle strengthening activities. 


 


AND 







 


Example Muscle Strengthening Activities 
• Lifting weights, such as bicep curls and shoulder press 
• Resistance bands 
• Climbing stairs 
• Walking uphill 
• Push-ups and pull-ups 
• Sit-ups 
• Squats 


Helpful Tips 


• All activities can be done at home, at the gym, or even outside if weather permits. 
• Warm up and cool down. Start and end each session by walking slowly for 5 minutes. 


This helps your muscles, joints, and heart prepare for exercise and helps prevent 
soreness afterward. 


• Wear comfortable and properly fitted shoes for exercise. They should be shock-
absorbent and skid-proof such as sneakers. 


• As you become stronger, try adding more intensity to your muscle strengthening 
routine by doing two sets of 8-12 repetitions each. 


• It’s OK to start small! Do what you can – your health will benefit from even 5 minutes 
of physical activity each day. 


Where can I find more resources on physical activity? 
For help planning your weekly 


goals and activities: 
https://health.gov/moveyourway/activity-planner/ 


If you prefer to go digital: Try a fitness app such as My Fitness Pal, The 7 
Minute Workout, and Map My Fitness 


If you are having trouble getting 
started: 


https://www.cdc.gov/physicalactivity/basics/adding-
pa/barriers.html 


 



https://health.gov/moveyourway/activity-planner/

https://www.cdc.gov/physicalactivity/basics/adding-pa/barriers.html

https://www.cdc.gov/physicalactivity/basics/adding-pa/barriers.html





Prehabilitation Weekly Physical Activity Log 
Use this log to help keep track of your physical activity in the weeks leading up to your surgery. 
Add both aerobic and muscle strengthening activities. 


My 
activities 


My effort 
(Aerobic 


activity only) 


Days I did activities and length of time for each 


Monday Tuesday Wednesday Thursday Friday Saturday Sunday Total 
minutes 


Example: 
Walked 


Moderate  20 mins  20 mins  40 mins  80 mins 


Example: 
Squats 


 30 mins    30 mins   60 mins 


          


          


          


          


          


          


          


          


          


          


Total minutes of aerobic activity:___________ 


Total minutes of muscle strengthening activity:___________ 
 





		ISQIC Physical Activity Guide
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Abstract


Background Patients undergoing colorectal cancer


resections are at risk for delayed recovery. Prehabilitation


aims to enhance functional capacity preoperatively for


better toleration of surgery and to facilitate recovery. The


authors previously demonstrated the limited impact of a


prehabilitation program using exercise alone. They propose


an expanded trimodal prehabilitation program that adds


nutritional counseling, protein supplementation, and anxi-


ety reduction to a moderate exercise program. This study


aimed to estimate the impact of this trimodal program on


the recovery of functional capacity compared with standard


surgical care.


Methods Consecutive patients were enrolled in this pre-


and postintervention study over a 23-month period. The


postoperative recovery for 42 consecutive patients enrolled


in the prehabilitation program was compared with that of


45 patients assessed before the intervention began. The


primary outcome was functional walking capacity (6-min


walk test [6MWT]). The secondary outcomes included


self-reported physical activity (CHAMPS questionnaire)


and health-related quality of life (SF-36). Data are


expressed as mean ± standard deviation or median (inter-


quartile range [IQR]) and were analyzed using Chi-square


and Student’s t test. All p values lower than 0.05 were


considered significant.


Results The prehabilitation and control groups were


comparable in terms of age, gender, body mass index


(BMI) and American Society of Anesthesiology (ASA)


class. There was no difference in walking capacity at the


first assessment (6MWT distance, 422 ± 87 vs 402 ±


57 m; p = 0.21). During the prehabilitation period lasting


a median of 33 days (range, 21–46 days), functional


walking capacity improved by 40 ± 40 m (p \ 0.01). The


postoperative complication rates and the hospital length of


stay were similar. The patients in the prehabilitation pro-


gram had better postoperative walking capacity at both


4 weeks (mean difference, 51.5 ± 93 m; p = 0.01) and


8 weeks (mean difference, 84.5 ± 83 m; p \ 0.01). At


8 weeks, 81 % of the prehabilitated patients were recov-


ered compared with 40 % of 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 1-month trimodal pre-


habilitation program improved postoperative functional


recovery. A randomized trial is ongoing (NCT01356264).
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In 2010, an estimated 100,000 new cases of colon cancer


occurred in the United States [1]. Despite recent advances in


surgical, anesthetic, and perioperative 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 [2]. With efforts focused on


improving the quality of surgical care, awareness is


increasing that major postoperative complications may be


driven more by patient than by surgical factors alone [3].


The implementation of an enhanced recovery after sur-


gery program (‘‘fast-track surgery’’) reduces the hospital


stay by 2 days after colorectal surgery [4]. However, patient-


centered outcomes of functional capacity suggest that


patients are not fully recovered even 6–9 weeks after major


abdominal surgery [5, 6]. Poor preoperative physical fitness


predicts mortality and major complications [7, 8] and


delayed functional recovery after abdominal surgery [9].


Attempts to improve recovery have tended to focus on


the intraoperative period (e.g., laparoscopic surgery, tho-


racic epidural) and the postoperative period (e.g., enhanced


recovery pathways). However, intervening in the preoper-


ative period to modify factors such as poor physical fitness


contributing to morbidity and delayed recovery is an


attractive strategy.


For cancer patients awaiting surgery, a 5-week preop-


erative exercise program was sufficient for measurable


improvement of cardiorespiratory fitness and muscle


strength [10]. Interventions designed to improve functional


capacity in anticipation of an upcoming stressor such as


surgery have been termed ‘‘prehabilitation’’ [11].


We previously reported a randomized study of an exer-


cise-only prehabilitation intervention in colorectal surgery


[12]. Patients were randomized to undergo 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


6-min walk test (6MWT). Adherence to the recommenda-


tions was low, with only 33 % improving during prehabili-


tation and 29 % deteriorating despite the intervention. An


unexpected benefit resulted from the recommendation to


increase walking and breathing; more people in the control


group showed an improvement in walking capacity both


before and after surgery. A reanalysis demonstrated that


regardless of the exercise type received, patients who


improved during the prehabilitation period were more likely


to have recovered 9 weeks postoperatively [13].


Many factors may have influenced the results of our


previous study. First, adherence to the intense stationary-


bicycle-based exercise program was low, and the results


were poor. Colorectal cancer patients can experience


alterations in digestion from symptoms of the disease and


changes to metabolism causing increased protein break-


down. Up to half of patients awaiting colon cancer surgery


exhibit weight loss, and up to one in five is malnourished


[14]. Adequate protein substrate is necessary to allow for


successful muscle gain during a physical exercise regimen,


but nutritional status was not assessed or subjected to


control in this previous study.


Moreover, although anxious patients showed a greater


improvement in functional capacity during the prehabilitation


period, they were ultimately less likely to recover to baseline


after surgery [13]. Finally, perioperative surgical care was not


standardized by an enhanced recovery pathway. These results


suggest 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 syn-


ergistically with exercise to increase protein synthesis and


muscle endurance [15, 16]. Participants in a 6-week exer-


cise program were found to have significant increases in


strength gained while taking 1.2 g/kg body weight in whey


protein [17].


Whey proteins are also rich in essential and branched-


chain amino acids and have shown both antiinflammatory


and immune-modulating properties [18, 19]. 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 per-


ceived anxiety levels.


This study aimed to estimate the impact of our new


trimodal prehabilitation program on functional recovery


after colorectal cancer surgery in the setting of an enhanced


recovery pathway.


Methods


Subjects


Consecutive patients awaiting elective surgery for primary


colorectal cancer were assessed for enrollment in this
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prospective pre- and postintervention study from July 2009


to September 2011 at a university teaching hospital. The


trimodal prehabilitation intervention was initiated in Sep-


tember 2010. The postoperative recovery of the patients


enrolled in the trimodal prehabilitation program (inter-


vention group) was compared with that shown by a cohort


of 45 patients studied before initiation of the intervention


(control group).


The inclusion criteria for the study specified adults with a


colonic or rectal malignancy planned for resection. The


exclusion criteria ruled out metastatic disease or any medical


condition precluding the safe use of physical activity and any


patient unable to understand English or French sufficiently


for accurate completion of the questionnaires.


Care for the patients in both groups was provided by one


of three fellowship-trained colorectal surgeons, and peri-


operative care was guided by a standardized enhanced


recovery pathway established at our institution since 2008


[20]. 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 center. After their consent,


they were enrolled in the control group. They were asses-


sed at three time points: at the time of recruitment


(approximately 1 week before surgery), then 4 and


8 weeks after surgery. Starting in September 2010, the


patients were referred from the colorectal clinic after a


decision was made to proceed with surgery (Fig. 1).


At the initial visit, the prehabilitation program was


explained, and informed consent was obtained. After a


medical examination, the patients met with the kinesiolo-


gist, the nutritionist, and the psychologist for baseline


measures to be obtained (see measures and interventions


later). The patients then initiated the prehabilitation inter-


vention at home.


The length of prehabilitation was determined by the wait


time until surgery alone. As in the control group, the


intervention group was reassessed 1 week before surgery at


the preoperative center, then 4 and 8 weeks after surgery.


Prehabilitation intervention


Exercise


Exercise remained the mainstay of the prehabilitation


program. Moderate aerobic exercise was combined with


resistance training. A kinesiologist met with the patients for


1 h and planned an individualized exercise program and


schedule. The patients were asked to walk or to use an


aerobic exercise machine for 30 min three times a week.


Target exercise intensity, set at half of the calculated


maximal heart rate (220—age), was measured by the


patient with a provided heart rate monitor. Resistance


exercises consisted of calisthenics and elastic band move-


ments performed three times a week to volitional fatigue.


Nutrition


The patients enrolled in the prehabilitation program were


evaluated by a nutritionist during a 1-h visit. A subjective


global assessment was carried out, and one or two modi-


fiable dietary behaviors such as excess alcohol or fat intake


were identified and discussed with the patient [21]. The


patients were provided with whey protein isolate (Vitalus


Nutrition Inc., Abbotsford, Canada), which was used as a


nutritious food supplement to guarantee a daily intake of


1.2 g/kg body weight of protein. Recipes to make intake


palatable were given. Patients were asked to consume


protein preferably within 1 h of their exercise regimen.


Anxiety reduction


Preoperatively, patients were scheduled for a 90-min visit


with a trained psychologist focusing on providing anxiety-


reduction techniques such as 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.


Outcomes and measures


The primary outcome of the study was functional walking


capacity as measured by the 6MWT 8 weeks after surgery.


The 6MWT evaluates the capacity to maintain a moderate


level of walking and reflects the capacity to perform


activities of daily living.


In the 6MWT, the patient is asked to walk along a 15-m


stretch of corridor at a pace that makes him or her feel tired


by the end. The total distance walked in 6 min is recorded


in meters. Chairs are arranged along the corridor to allow


for resting if needed, although any time spent resting is


counted within the 6 min. Standard motivational messages


are given at each minute as per American Thoracic Society


guidelines [22]. Age- and gender-specific predicted dis-


tances can be calculated using the following formula:


Predicted distance walked in 6 Min mð Þ
¼ 868� ðage � 2:9Þ � ðfemale � 74:7Þ;


where age is in years, and the value ‘‘1’’ is assigned for


females [23]. The validity of the 6MWT as a measure of


recovery after colorectal surgery is supported by evidence


[24].
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The 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 1 complica-


tions require bedside management, grade 2 complications


require pharmacologic treatment, grade 3 complications


require surgical or radiologic intervention, and grade 4


complications require intensive care treatment [25].


Self-reported physical activity was measured by the


Community Healthy Activities Model Program for Seniors


(CHAMPS) short-form questionnaire. Using the CHAMPS


questionnaire, subjects estimate the number of hours spent


performing listed activities of various intensities during 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 h of mod-


erate-intensity activity [26]. Available evidence supports


the validity of the CHAMPS questionnaire as a measure of


recovery of physical activity after elective surgery [27].


Health-related quality of life was measured using the


Medical Outcomes Study 36-Item Short-Form Health Sur-


vey (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 scale of 0–100,


with higher scores indicating better quality of life. Two


summary scores—the physical component summary (PCS)


and mental component summary (MCS)—have been stan-


dardized to have a mean of 50 and a standard deviation of 10.


Canadian population norms are available [28].


Emotional health was measured using the Hospital


Anxiety and Depression Scale (HADS) for patients


undergoing the prehabilitation intervention. The HADS


contains seven items, each scored from 0 to 3 points for


anxiety and depression. It provides summary measures on a


scale of 0–21, with scores exceeding 8 suggesting the


presence of a mood disorder [29].


Statistical methods


To minimize potential bias from missing data (the 8-week


6MWT was missing for 5 patients in prehabilitation group),


multiple imputation was performed, in which 20 imputa-


tions were created based on age, gender, comorbidities,


complication profile, 6MWT results, and CHAMPS and


SF-36 responses [30].


Functional data are presented as an aggregate of all


imputations, taking into account variance between and


within imputations using Rubin’s rules. Continuous vari-


ables modeled by a normal distribution were reported as


mean ± standard deviation and compared using an inde-


pendent Student’s t test. Non-normal data were reported as


median (interquartile range [IQR]) and compared using a


nonparametric Wilcoxon rank-sum test. Categorical vari-


ables were compared using Pearson’s Chi-square test or


Fisher’s exact test. For the elderly population, we used


20 m, considered to be the error of measurement for the


6MWT, to categorize change [31]. If a patient’s 6MWT


was within 20 m of his or her 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 8 weeks after surgery. 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 II and Zelig


packages, respectively [32, 33].


Fig. 1 Flow diagram showing


timing of patient assessments


and interventions. All


assessments included walking


capacity (6MWT), self-reported


physical activity (CHAMPS


questionnaire), and health-


related quality of life (SF-36).


6MWT 6-min walk test,


CHAMPS Community Healthy


Activities Model Program for


Seniors, SF-36 Medical


Outcomes Study 36-Item Short-


Form Health Survey
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Results


Of the 52 patients assessed for eligibility to receive pre-


habilitation, 5 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 shown in the final pathology. Thus, 42


patients were analyzed in the prehabilitation group and


compared with the control group of 45 patients. Five


patients in the prehabilitation group were lost to follow-up


evaluation 8 weeks after the operation.


The patients who had missing data did not differ signifi-


cantly from those who did not in terms of baseline and oper-


ative characteristics, complications, or functional data (data


not shown). The prehabilitation and control groups were


similar at the first assessment with respect to age, gender, body


mass index (BMI), American Society of Anesthesiologist


(ASA) classification, and location of tumor. At study enroll-


ment, functional walking capacity did not differ from self-


reported physical activity levels (Table 1).


In the intervention group, the median duration of pre-


habilitation was 33 days (range, 21–46 days). At the end of


this period, 6MWT had increased by 42 ± 41 m


(p \ 0.01), and self-reported weekly physical activity


energy expenditure had increased by a median of 14 kcal/


kg (p \ 0.01). Moreover, no patient deteriorated during the


prehabilitation period, and 64 % of the patients improved


by more than 20 m.


Serum albumin was measured in 17 patients and


remained stable during the prehabilitation period (3.9 ±


0.5–3.8 ± 0.4 g/dL; mean change of –0.15 ± 0.3 g/dL;


p = 0.08). Symptoms of anxiety and depression also


decreased significantly by a median of 1 point during


prehabilitation (p = 0.04 for anxiety and p \ 0.01 for


depressive symptoms). The control group was assessed


only immediately before surgery, so changes during the


preoperative period could not be assessed.


The perioperative variables are presented in Table 2.


The most frequent operation was anterior or low anterior


resection. The use of laparoscopy was routine in both the


control group (93 %) and the intervention group (81 %).


The proportion of patients receiving a stoma was similar


between the two groups (44 % and 36 %). There were no


differences in the incidence or severity of postoperative


complications. The overall morbidity rates were respec-


tively 44 % and 36 %, and very few were classified as


grade 3 (2 % and 5 %). The median hospital stay was


4 days in both groups.


During the period of postoperative recovery, functional


exercise capacity (6MWT) and self-reported physical


activity were greater in the prehabilitation group than in the


control group, at both 4 and 8 weeks after surgery


(Table 3). The trajectory of change in functional walking


capacity is illustrated in Fig. 2, which demonstrates its


preservation in the prehabilitation group. Whereas the


patients in the intervention group had returned to baseline


by an average of 4 weeks postoperatively (p = 0.21), the


control group remained below their preoperative level


(p \ 0.01). Moreover, at 8 weeks postoperatively, the


patients who had undergone prehabilitation were


37 ± 70 m (p \ 0.01) above their baseline values in


functional walking capacity and 10 ± 48 kcal/kg/week


(p = 0.17) above their baseline self-reported physical


activity levels. A significantly greater proportion of the


prehabilitated patients were recovered or above baseline at


Table 1 Patient characteristics at study enrollment


Control


(n = 45)


Prehabilitation


(n = 42)


p Value


Age (years) 66.4 ± 12 67.4 ± 11 0.69a


Male gender 29 (64) 22 (54) 0.35b


ASA class 0.59b


1 6 (13) 3 (7)


2 29 (65) 31 (74)


3 10 (22) 8 (19)


BMI at first assessment


(kg/m2)


26.9 ± 6 27.5 ± 4 0.61a


6-Min walk test (m) 402 ± 57 422 ± 87 0.21a


6-Min walk test (%


predicted)


62 ± 9 66 ± 12 0.10a


Self-reported physical


activity (kcal/kg/wk)


20 (9–32) 16 (10–36) 0.79c


SF-36 (Canadian norms, age 65–74 years)


Physical function (75.7) 80 ± 24 82 ± 21 0.61a


Role physical (76.2) 58 ± 43 71 ± 42 0.18a


Bodily pain (74.0) 78 ± 29 78 ± 24 1a


General health (73.5) 69 ± 24 72 ± 17 0.47a


Vitality (67.7) 59 ± 23 64 ± 21 0.27a


Social function (87.0) 69 ± 44 88 ± 25 0.01a


Role emotional (80.3) 72 ± 26 83 ± 19 0.03a


Mental health (79.4) 70 ± 23 77 ± 17 0.13a


Physical component


summary


47 ± 11 47 ± 10 0.93a


Mental component


summary


45 ± 14 51 ± 10 0.01a


HADS Anxiety score 5 (2.3–8.8)


HADS Depression score 2.5 (1–4)


Data are expressed as mean ± standard deviation, n (%), or median


(interquartile range [IQR])


ASA American Society of Anesthesiology, BMI body mass index,


HADS Hospital Anxiety and Depression Scale
a Independent Student’s t test
b Fisher’s exact test
c Wilcoxon’s rank-sum test
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8 weeks (81 %) compared with the control subjects


(40 %). A post hoc power analysis examining the change in


functional walking capacity from the first assessment to


8 weeks after surgery resulted in a power of 0.99.


Health-related quality of life (HRQL) is presented in


Table 4. The general health, vitality, and mental health


scores were higher in the prehabilitation group throughout


the length of the study, including the enrollment scores. The


prehabilitation intervention did not result in any clinically or


statistically significant increases in any domains of HRQL.


A fully adjusted multiple linear regression analysis was


performed on imputed data using the change in the 6MWT


from enrollment in the study to the last evaluation as a


measure of recovery from surgery (Table 5). After adjust-


ment for a priori factors (age, gender, BMI, ASA classifi-


cation, use of a stoma, low mental component summary


score, and complications), the prehabilitation intervention


remained a significant predictor of a positive change in


functional capacity (average, ?63 m; p \ 0.01).


As expected, the patients with complications classified


as grade 2 (–29 m; p = 0.07) or grade 3 (–96 m; p = 0.02)


had a poorer functional recovery. A simplified model was


selected using Bayesian Information Criteria, with no dif-


ference in point estimates compared with the fully adjusted


model.


Discussion


The goal of prehabilitation is to enhance the functional


capacity of patients during the waiting period for surgery. In


the current study, a trimodal prehabilitation program con-


sisting of moderate-intensity physical exercise supported


Table 2 Surgical information and outcomes


Control


(n = 45)


Prehabilitation


(n = 42)


p Value


Surgery type 0.64a


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) 0.54a


Laparoscopic


approach


42 (93) 34 (81) 0.11a


Surgery duration


(min)


215 ± 74 203 ± 70 0.45b


Length of stay (days) 4 (3–6) 4 (3–6) 0.71c


Complication grade 0.67a


None 25 (56) 27 (64)


I 10 (22) 6 (14)


II 9 (20) 7 (17)


III 1 (2) 2 (5)


Data are expressed as mean ± standard deviation, n (%), or median


(interquartile range [IQR])
a Fisher’s exact test
b Independent Student’s t test
c Wilcoxon’s rank-sum test


Table 3 Functional outcomes (imputed data)


Control


(n = 45)


Prehabilitation


(n = 42)a
p Value


6MWT (m)b


Baseline 422 ± 87 0.21b,c


Preoperative 402 ± 57 464 ± 92 \0.01c


4 Weeks after


surgery


356 ± 71 407 ± 111 0.01c


8 Weeks after


surgery


375 ± 58 459 ± 101 \0.01c


Self-reported physical activity (kcal/kg/wk)b


Baseline 17 (10–36) 0.69b,d


Preoperative 20 (9–32) 36 (19–74] \0.01d


4 Weeks after


surgery


3 (0–7) 18 (8–55) \0.01d


8 Weeks after


surgery


8 (0–30) 23 (11–52) \0.01d


HADS anxiety score


Baseline 5 (2.3–8.8)


Before surgery 4 (2–6)


4 Weeks after


surgery


3 (0–6.8)


8 Weeks after


surgery


4 (1–7)


HADS depression score


Baseline 2.5 (1–4)


Before surgery 1 (0–2)


4 Weeks after


surgery


2 (1–3.8)


8 Weeks after


surgery


2 (1–3.5)


Owing to missing data, the number of observations ranges from


37–42


6MWT 6-min walk test, HADS Hospital Anxiety and Depression Scale
a Data are expressed as mean ± standard deviation or median


(interquartile range [IQR])
b Compared with the first (preoperative) assessment in the control


group
c Independent Student’s t test
d Wilcoxon rank-sum test


Surg Endosc (2013) 27:1072–1082 1077


123







with nutritional supplementation and anxiety reduction


techniques resulted in significantly improved functional


walking capacity in the intervention group. The findings


show that 64 % improved by more than 20 m, and no patients


deteriorated while awaiting surgery. This improvement was


associated with faster postoperative recovery in the inter-


vention group than in the control group, with the great


majority (81 %) of patients 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 for only


33 % and actually decreased for 29 % of the patients during


the prehabilitation period [12].


In the multivariate analysis, after adjustment for other


confounders, the findings showed a benefit of 63 m inde-


pendently attributable to participation in the trimodal pre-


habilitation program. This change was equivalent to


approximately 15 % of the mean functional walking


capacity at baseline. It is unclear whether this represents a


clinically relevant change because no information exists on


the minimal clinically important difference in 6MWT for


surgical patients. However, in cardiopulmonary disease and


in geriatric populations, a change of 50 m on the 6MWT is


seen as clinically meaningful [34, 35].


At the first assessment, the HRQL measures were sim-


ilar between the 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 the meeting with the colorectal surgeon, whereas the


values for the control group were taken immediately before


surgery. In the 4 weeks before their meeting with the


colorectal surgeon, patients usually lead a relatively normal


life, whereas in the 4 weeks coming up to a planned sur-


gery, social and emotional function may be impaired.


The patients in this study tended to report better role


physical and more feelings of vitality at completion of


prehabilitation. However, the prehabilitation intervention


itself did not significantly change the quality of life


between baseline and preoperative values, and the two


groups were comparable during the recovery phase. Qual-


ity of life may be too general a concept and the SF-36


questionnaire too generic to capture changes related spe-


cifically to our prehabilitation intervention.


The length of the prehabilitation period was the time


from the first visit with the colorectal surgeon to the date of


the operation, about 1 month. The prehabilitation program


had no influence on the timing of surgery, and no attempt


was made to tailor the length of the prehabilitation. The


Canadian Society for Surgical Oncology recommends ini-


tiating treatment, including surgery, within 2 weeks after


diagnosis [36].


During the last decade in Canada and the United States,


wait times for colon cancer surgery have increased and


likely will continue to lengthen due to increased volumes


and specialization of care [37, 38]. Although little evidence


exists to confirm that longer wait times have a direct


impact on surgical outcomes, patients waiting for surgery


do experience heightened levels of anxiety and frustration


[39]. Exercise is associated with a reduction in anxiety and


depression levels [40]. The inclusion of a psychological


intervention focused on stress reduction was chosen in this


study because 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 characteristics of patients


at the time of surgery pose significant challenges for


quality improvement. Preoperative physical condition has


been associated with postoperative complications [7]. For


patients with cardiopulmonary disease, a 6MWT shorter


than 350 m predicts mortality [34].


For colorectal surgery patients, we found that a baseline


6MWT shorter than 392 m predicts cardiopulmonary


complications (unpublished data). However, unlike most


other comorbidities, poor preoperative physical condition


is a potentially modifiable risk factor and the main target


for a prehabilitation intervention.


In the current study, for which 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 preha-


bilitation interventions specifically to patients with poor


baseline functional walking capacity could prevent


Fig. 2 Trajectory of change in functional walking capacity as


measured by the 6-min walk test. Mean and 95 % confidence interval


are displayed. The dashed line shows the intervention group, and the


grey line shows the control group. *p \ 0.05
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complications is an attractive hypothesis that remains to be


investigated.


It is not clear which component of the trimodal preha-


bilitation program had the greatest effect on enhancing


functional capacity. It is, however, clear to us that a pro-


gram based on exercise alone cannot be sufficient if other


factors such as nutritional and psychological care are not


taken into account, even if these components may only


support the compliance and effectiveness of the exercise


program.


We previously reported a limited impact of an intensive


biking intervention on functional capacity. Only 16 % of the


patients were fully compliant with the intensive biking


intervention. The 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 [12]. With


this in mind, we were more moderate with the recommended


exercise intensity and decreased the frequency of aerobic


exercise from daily to three times per week. We also allowed


the patients to choose their preferred type of exercise, which


also may have reinforced compliance by encouraging them


to perform an exercise they already found enjoyable.


According to weekly phone call logs, about 70 % of the


patients reported exercising at least 2 days a week, with


45 % reporting full compliance during the prehabilitation


period. There also was 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, in which early ambulation is thought to


play an important role.


In the current study, the goal of the nutritional component


was to provide optimal protein intake in the context of an


exercise regimen by supplementing the patients’ diet with


whey protein. The 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 per-


iod. Given the gains seen in functional walking capacity, the


Table 4 Health-related quality of life, as measured by the SF-36


questionnaire (imputed data)


Component (Canadian


norms, age 65–76 years)


Control


(n = 45)a
Prehabilitation


(n = 42)b
p Valuec


Physical function (75.7)


Baseline 82 ± 21 0.61


Before surgery 80 ± 24 80 ± 22 0.94


4 Weeks after surgery 70 ± 28 64 ± 29 0.32


8 Weeks after surgery 71 ± 31 73 ± 25 0.76


Role physical (76.2)


Baseline 71 ± 42 0.18


Before surgery 58 ± 43 74 ± 38 0.07


4 Weeks after surgery 37 ± 43 37 ± 43 0.93


8 Weeks after surgery 58 ± 40 58 ± 40 0.99


Bodily pain (74.0)


Baseline 78 ± 24 1


Before surgery 78 ± 29 77 ± 23 0.81


4 Weeks after surgery 59 ± 24 67 ± 22 0.11


8 Weeks after surgery 72 ± 24 75 ± 24 0.55


General health (73.5)


Baseline 72 ± 17 0.47


Before surgery 69 ± 24 75 ± 16 0.16


4 Weeks after surgery 65 ± 20 75 ± 18 0.02


8 Weeks after surgery 66 ± 18 69 ± 17 0.49


Vitality (67.7)


Baseline 64 ± 21 0.27


Before surgery 59 ± 23 68 ± 20 0.05


4 Weeks after surgery 54 ± 22 61 ± 19 0.11


8 Weeks after surgery 58 ± 21 65 ± 17 0.09


Social function (87.0)


Baseline 88 ± 25 0.01


Before surgery 69 ± 44 84 ± 27 0.06


4 Weeks after surgery 59 ± 47 59 ± 46 0.98


8 Weeks after surgery 75 ± 38 75 ± 36 0.93


Role emotional (80.3)


Baseline 83 ± 19 0.03


Before surgery 72 ± 26 82 ± 21 0.07


4 Weeks after surgery 63 ± 32 72 ± 26 0.14


8 Weeks after surgery 71 ± 28 79 ± 22 0.10


Mental health (79.4)


Baseline 77 ± 17 0.13


Before surgery 70 ± 23 77 ± 18 0.17


4 Weeks after surgery 69 ± 21 76 ± 18 0.11


8 Weeks after surgery 70 ± 21 79 ± 18 0.04


Physical composite score (50)


Baseline 47 ± 10 0.93


Before surgery 47 ± 11 48 ± 8 0.69


4 Weeks after surgery 40 ± 9 40 ± 8 0.95


8 Weeks after surgery 44 ± 12 44 ± 11 0.99


Mental composite score (50)


Baseline 51 ± 10 0.01


Table 4 continued


Component (Canadian


norms, age 65–76 years)


Control


(n = 45)a
Prehabilitation


(n = 42)b
p Valuec


Before surgery 45 ± 14 50 ± 10 0.02


4 Weeks after surgery 44 ± 14 48 ± 13 0.12


8 Weeks after surgery 46 ± 11 51 ± 10 0.05


Data are expressed as mean ± standard deviation


SF-36 Medical Outcomes Study 36-Item Short-Form Health Survey
a Due to missing data, the number of observations ranged from 41 to


45
b Due to missing data, the number of observations ranged from 37 to


42
c Independent Student’s t test


Surg Endosc (2013) 27:1072–1082 1079


123







addition of nutritional management and supplementation to


exercise may have helped the 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 unknowns of both cancer


and surgery [39]. Preoperative psychological distress may


have a negative impact on surgical recovery [41, 42].


Increased physical exercise has been associated with an


improvement in depressive symptoms [43].


During the prehabilitation period in the current study, the


patients showed a 1-point drop in both the anxiety and


depression scores on the HADS questionnaire. This drop,


although statistically significant, may not represent a large


enough difference to have an impact on clinical symptoms. A


single 1�-h session with a psychologist would not be suffi-


cient for a patient to begin psychological therapy. This time


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 likely was a


factor in boosting compliance with the physical exercise


component.


Currently, little literature addresses preoperative psy-


chological preparation by the use of anxiety-reduction


exercises. However, we believe these exercises may be


useful in allaying psychological distress by providing


patients with strategies to deal with the stressful preoperative


period.


This study had several strengths including the use of an


enhanced recovery pathway for all the patients to minimize


differences in perioperative care. A strength of the analysis


was appropriate handling of missing data using multiple


imputations instead of excluding observations with missing


data, which decreases statistical power and may result in


biased estimates of effect.


The study also had several important limitations. First, it


was an observational study, and allocation to the two


groups was not randomized. Also, whereas the intervention


patients were enrolled directly from the colorectal clinic


when the decision for surgery was made and then reas-


sessed immediately before surgery, the control patients


were enrolled in the preoperative clinic in the week pre-


ceding surgery and thus had only one preoperative


assessment.


For the purposes of this study, we assumed that func-


tional capacity did not change for the control patients


during the wait time. Having this additional measure would


have made baseline comparisons more accurate. It also


would have enabled better quantification of the trajectory


of functional capacity outcomes for untreated patients as


they waited for surgery.


In conclusion, 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 for patients undergoing


colorectal cancer surgery.
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Intercept –31.9 –78.2 to 14.4 –20.1 –35.8 to –4.5


Prehabilitation vs controls 63.6 39.5 to 87.7 65.5 43.5 to 87.5


Complication (Clavien grade) vs 0 or 1


Grade 2 –28.5 –59.2 to 2.1 –27.7 –55.0 to –0.4


Grade 3 –95.6 –156.8 to –34.4 –97.7 –155.7 to –39.8


CI confidence interval
a Adjusted for other variables in the table and the following nonsignificant prognostic variables: age (referent is \75 years; C75 years 26 %,


b = –2.4, CI = –30.8 to 26.0); gender (referent is female; male 59 %, b = –1.2, CI = –23.5 to 25.9); body mass index (referent is \30; C30


65 %, b = –8.0, CI = –33.6 to 17.7); stoma (referent is no stoma; stoma 40 %, b = –9.0, CI = –33.3 to 15.4); and SF-36 mental component


summary (referent is C50; \50 45 %, b = 9.0, CI = –15.9 to 33.9)
b Simplified model selected according to Bayesian Information Criteria and adjusted only for other variables in the table
c Confidence intervals represent the variance within each imputation and between all imputations
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ASA-RANDOMIZED CONTROLLED TRIAL

Modifying Risks in Ventral Hernia Patients With Prehabilitation

Controlled Trial

A Randomized

Mike K. Liang, MD,�y Karla Bernardi, MD,�y Julie L. Holihan, MD, MS,�y Deepa V. Cherla, MD,�y
Richard Escamilla, BS,� Debbie F. Lew, BS, MPH,� David H. Berger, MD,z


Tien C. Ko, MD,� and Lillian S. Kao, MD, MS�y

Objective: The aim of this study was to determine whether preoperative


nutritional counseling and exercise (prehabilitation) in obese patients with


ventral hernia repair (VHR) results in more hernia-free and complication-free


patients.


Background: Obesity and poor fitness are associated with complications


following VHR. These issues are prevalent in low socioeconomic status


patients.


Methods: This was a blinded, randomized controlled trial at a safety-net


academic institution. Obese patients (BMI 30 to 40) seeking VHR were


randomized to prehabilitation versus standard counseling. VHR was per-


formed once preoperative requirements were met: 7% total body weight loss


or 6 months of counseling and no weight gain. Primary outcome was the


proportion of hernia-free and complication-free patients. Secondary outcomes


were wound complications at 1 month postoperative and weight loss mea-


sures. Univariate analysis was performed.


Results: Among 118 randomized patients, prehabilitation was associated


with a higher percentage of patients who lost weight and achieved weight


loss goals; however, prehabilitation was also associated with a higher dropout


rate and need for emergent repair. VHR was performed in 44 prehabilitation


and 34 standard counseling patients. There was a trend toward less wound


complication in prehabilitation patients (6.8% vs 17.6%, P ¼ 0.167). The


prehabilitation group was more likely to be hernia-free and complication-free


(69.5% vs 47.5%, P ¼ 0.015).


Conclusions: It is feasible to implement a prehabilitation program for obese


patients at a safety-net hospital. Prehabilitation patients have a higher likeli-


hood of being hernia-free and complication-free postoperatively. Although


further trials and long-term outcomes are needed, prehabilitation may benefit


obese surgical patients, but there may be increased risks of dropout and


emergent repair.


Clinical Trial Registration: This trial was registered with clinicaltrials.gov
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(Ann Surg 2018;268:674–680)


Ventral hernias are one of the most common surgical pathologies
encountered by the clinician; both operative and nonoperative


management is associated with substantial morbidity.1,2 Operative
management has short-term, 30-day complication, risks of up to 50%
and long-term risks of hernia recurrences (11% to 50%) and reop-
erations (5% to 20%).3–9 These complications put patients at risk of
entering a vicious cycle of repair, major complications which lead to
recurrence, and eventually re-repair. Alternatively, nonoperative
management can leave patients with poor function, disability, an
inability to support themselves or their family, worsening symptoms,
and the risk of emergency surgery (>2.5%/year).10–12


Obesity is a risk factor for developing a ventral hernia as well as
complications with and without repair. Currently, the management
strategy that best balances overall risks and benefits for obese patients
with ventral hernias is unknown.3,13–15 Up to two-thirds of all patients
undergoing ventral hernia repair (VHR) are obese [defined as body
mass index (BMI) 30 kg/m2 or above].3 Patients with a BMI between
30 and 40 kg/m2 have a reported rate of recurrence of 30% to 40%
following VHR, while those with BMI >40 kg/m2 have a reported
recurrence rate of 30% to 50% at 2 to 5 years post-hernia repair.3,16,17


Currently, no high-quality studies compare the risks and benefits of
nonoperative management with those of surgical repair for symptom-
atic obese patients with ventral hernias.


Benefits of preoperative physical conditioning and weight loss
programs (prehabilitation) have been demonstrated in select patients,
but generalizability to patients undergoing VHR remains unknown.
Preoperative physical conditioning improved physical function, pul-
monary function, and decreased hospital length of stay in random-
ized trials on patients undergoing cardiovascular and orthopedic
procedures.18,19 Preoperative weight loss has also been shown to
decrease cardiovascular risk, thromboembolic risk, operative dura-
tion, and surgical complications in patients undergoing bariatric
surgery.20 However, many patients with ventral hernia have difficulty
exercising.11 Medical programs such as intensive lifestyle interven-
tion (including healthy diet and moderate physical activity) have
demonstrated that 50% to 70% of patients are able to lose 7% total
body weight (TBW) in 3 months.21–23 More importantly, a 7% TBW
loss has shown metabolic changes in patient comorbidities, with a
reduction in the incidence of diabetes. These medical interventions
have been shown to be effective even in low-income and minority
populations.22,23 However, what remains unknown is whether pre-
habilitation interventions are effective in promoting weight loss and
in improving overall outcomes in patients with ventral hernias for
whom nonoperative intervention also carries risk.10–12,24,25


We hypothesized that preoperative nutritional counseling and
2
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seeking repair of their ventral hernia results in more hernia-free and
complication-free patients in the first 30 postoperative days. Our
secondary objectives were (1) to determine the feasibility and
efficacy of a preoperative physical conditioning and weight-loss
intervention (prehabilitation) and (2) to determine the impact of
prehabilitation as compared with standard counseling on hernia- and
surgery-related complications.


METHODS


This was a blinded, randomized controlled trial (RCT) at a
single safety-net academic hospital. CONSORT guidelines were
followed. After institutional review board approval was obtained,
patients seen in a multidisciplinary hernia clinic from May 2015 to
March 2017 were approached for enrollment. Patients who were
obese (BMI 30 to 40 kg/m2), desired repair, were willing to undergo
preoperative optimization, had a ventral hernia measuring between 3
and 20 cm in width on a computed tomography (CT) scan, and
deemed to be adequate surgical candidates (other than BMI)
were eligible.


Exclusion criteria included patients with any of the following
conditions: severe comorbid conditions limiting survival to less than
2 years, such as metastatic cancer or cirrhosis; any patient with
indications for urgent/emergent surgery such as full thickness skin
breakdown, enterocutaneous fistula, intermittent incarceration, or
local or systemic infection; and finally any pregnant patients or a
patient intending to become pregnant during the study period. There
were no changes made to the inclusion or exclusion criteria once
enrollment was started.


Upon enrollment, patients were randomized using a computer-
generated variable block randomization. Blocks were stratified by
BMI (BMI 30 to 35 and BMI>35 to 40 kg/m2) because BMI may be
a treatment moderator.26 Allocation designation was sequentially
numbered and placed in opaque, sealed envelopes. Patients were
randomly assigned to the standard counseling (control group) or to
the prehabilitation group (study group).


A multidisciplinary team of surgical specialists, medical
weight-loss experts, dieticians, physical therapists, health educators,
nurse practitioners, and study coordinators developed both the
standard counseling and prehabilitation programs. Patients in the
standard counseling group received counseling based on a standard-
ized script during their clinic visit, while those in the prehabilitation
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group received a multifactorial, interdisciplinary approach (Table 1).


TABLE 1. Components of Therapy in the Different Treatment
Groups


Prehabilitation� Standard Counseling


Multidisciplinary consultation:
Nutritionist
Physical therapist
Hernia navigator


Weekly group meetings
Daily goals check-list:


Servings of fruits
Servings of vegetables
Exercise


Peer support system
Support calls and text messages
Monthly assessments


A standardized script describing:
Risks of obesity
Risks of surgery
Weight loss goals
Basic weight loss
Conditioning recommendations


Answers to commonly asked questions
Monthly assessment


�The prehabilitation program included dietary and fitness modifications, such as a
walking program. As part of their workout regimen, the patients in prehabilitation
received instructions and a DVD with a number of different exercises. These included a
Zumba workout, stretching, bed exercises (patients could perform laying down),
cardioaerobics, and weight resistance band exercises.
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No changes were made to the study design once the trial was
initiated.


Patients were eligible for a VHR in 3 different ways: (1)
patients who reached preoperative requirements of 7% TBW loss or
greater; (2) patients who completed at least 6 months of follow up,
did not gain weight, and developed no new medical contraindications
(eg, uncontrolled diabetes or started smoking). Follow-up in standard
counseling consisted of 6 months of self-directed weight loss effort
and in prehabilitation included attending at least 75% of classes/
meetings over a 6-month period. (3) Patients who presented with a
need for emergent repair, such as those who presented with signs and
symptoms concerning for acute bowel injury with incarceration
or strangulation.


Expert hernia surgeons (�50 repairs/year) performed all
VHRs. Preoperative skin preparation and antibiotics, operative
approach, postoperative pain control, and discharge criteria were
all standardized. All patients were scheduled to return to clinic within
1 month of their procedure for follow-up.


Primary outcome was the percentage of hernia-free, compli-
cation-free patients at 1-month postoperative. Hernia-free patients
were defined as those who had undergone a repair of their ventral
hernia and who did not develop an early recurrence. Complications
included wound complications or surgical site occurrences (defined
as dehiscence, hematoma, seroma, and surgical site infection), at
30 days postoperative. Complications were only evaluated for
patients who underwent VHR.


Secondary outcomes were changes in physical condition and
fitness level. Physical condition included changes in body measure-
ments, or circumference of the hip and waist, and weight loss. Fitness
was evaluated using a sit-stand test, which patients performed for
30 seconds during their follow-up appointments. None of the out-
comes were altered or revised once the trial was initiated.


During preoperative appointments, baseline information was
collected for patients in both groups before randomization/alloca-
tion. This included the patients’ weight, and the number of sit-stands
performed in 30 seconds. Due to the design of the project, the
patients, the research team, and prehabilitation staff could not
be blinded to the intervention. However, the operating surgeon
and the surgeon evaluating the patient at their postoperative appoint-
ment for complications were blinded to the patient’s allocation.


Assuming an alpha of 0.05, beta 0.20, and primary outcome
difference of 25% at 1 year, a total of 118 patients were randomized.
The trial was stopped once the calculated sample size was achieved.
Dropouts were not accounted in the power analysis because dropping
out was a possible result of the intervention. All dropouts were
included in the final analysis as a negative result of the primary
outcome. Because the primary outcome was a stratified categorical
variable, the variable was analyzed based upon each stratum. If there
was evidence of treatment modification, the variable was analyzed
using the Mantel-Hanzel or regression analysis (including randomi-
zation schema, stratification variable, and primary outcome), but if
there was no treatment modification noted, then a simple Chi-square
was performed. Secondary outcomes were compared using unpaired,
2-tailed t test, or a Rank Sum test and a P value � 0.05 was


considered statistically significant for all tests.

RESULTS


A total of 154 patients were eligible for enrollment from 2015
to 2017. Of these, 118 patients underwent randomization, 59 patients
allocated to prehabilitation and 59 to standard counseling (Fig. 1).


The patient baseline characteristics of the two groups were
compared in Table 2. Overall, the populations in both groups were
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similar. The average age was 49.5 (�10.1). Over 70% of the patients
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FIGURE 1. CONSORT flowchart.


TABLE 2. Baseline Information


Characteristic Total N ¼ 118 Prehabilitation N ¼ 59 Standard Counseling N ¼ 59


Age� 49.5 (�10.1) 49.9 (� 10.5) 48.9 (� 10.0)
Sex: Female 83 (70.3%) 41 (69.5%) 42 (72.9%)
Race/ethnicity


White 8 (6.8%) 4 (6.8%) 4 (6.8%)
African-American 13 (11.0%) 5 (8.5%) 8 (13.6%)
Hispanic 95 (80.5%) 49 (83.1%) 46 (78.0%)
Other 2 (1.7%) 1 (1.7%) 1 (1.7%)


Initial weight� 209.1 (� 28.9) 209.1 (� 26.3) 209.5 (� 31.6)
BMI� 36.8 (� 2.6) 37.0 (� 2.6) 36.7 (� 2.6)
Comorbidities


Active smokery 7 (5.9%) 4 (6.8%) 3 (5.1%)
COPD 7 (5.9%) 4 (6.8%) 3 (5.1%)
Immunosuppressed 4 (3.4%) 1 (1.7%) 3 (5.1%)
DM 37 (31.4%) 19 (32.2%) 18 (30.5%)
HgbA1C > 6,5� 26 (22.0%) 14 (23.7%) 12 (20.3%)
>6.5


ASA class
1–2 74 (62.7%) 35 (59.3%) 39 (66.1%)
3–4 44 (37.3%) 24 (40.7%) 20 (33.9%)


Prior abdominal surgeryz 1 (1.3) 1 (1.2) 2 (1.3)
Prior VH 30 (25.4%) 19 (32.2%) 11 (18.6%)
Prior mesh 17 (14.4%) 11 (18.6%) 6 (10.2%)
Prior SSI


Yes 11 (12.8%) 5 (12.8%) 6 (11.3%)
Unknown 14 (16.3%) 12 (30.8%) 2 (3.8%)


Hernia type
Primary 22 (18.6%) 8 (13.6%) 14 (23.7%)
Secondary 96 (81.4%) 51 (86.4%) 45 (76.2%)


Hernia area� 38.2 (� 63.6) 37.0 (� 51.4) 40.5 (� 74.2)
Recurrent hernia 30 (25.4%) 20 (33.9%) 10 (16.9%)


�Mean [�standard deviation (SD)].
yPatients quit smoking at least 30 days before undergoing VHR.
zMedian [interquartile range (IQR)].
ASA indicates American Society of Anesthesiologist; BMI, body mass index; COPD, chronic obstructive pulmonary disease; CT, computed tomography; DM, diabetes mellitus;


HgbA1c, hemoglobin A1c; SSI, surgical site infection; VH, ventral hernia.
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had a postoperative wound complication.


TABLE 4. VHR and Outcomes


Prehabilitation
(N ¼ 44)


Standard
Counseling
(N ¼ 34) P


Surgical details
Mesh type


Biologic 4.5% 5.9%
Synthetic 77.3% 70.6%


Operative duration� 102.3 (�55.8) 91.0 (�49.2) 0.414
LOSy 0 (0.2) 0 (0.1) 0.687
Complications at 30 d postoperative
Readmission 1 1 1.00
Readmission LOS (No. of d) 1 2 —
SSI 0 0 —
SSO total 3 (6.8%) 6 (17.6%) 0.167


Hematoma 1 0
Seroma 1 5
Wound Dehiscence 1 1


�Mean (�SD).
yMedian (IQR).
LOS indicates length of stay; OR, operating room; SSI, surgical site infection; SSO,


surgical site occurrence.


TABLE 5. Outcomes
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were female, and over 80% of patients were minorities. The average
BMI was 36.8 kg/m2, and over 30% of patients had at least 1
comorbid condition other than obesity. The hernia characteristics
were similar for patients in both the prehabilitation and standard
counseling groups; by chance, the prehabilitation group had more
complex hernias.


During the study period, three patients dropped out of the
prehabilitation program compared with 1 patient in standard counsel-
ing. All these patients were included in the final analysis. In addition,
four patients required emergent repair of their ventral hernia, and all
were from the prehabilitation group. The patients who required
emergent repair all presented with small bowel obstruction and
incarcerated bowel. The time of enrollment to emergent repair varied
between these patients. One of the four required surgery six days
after enrollment, while the other three patients required surgery
within one month of initiation of their prehabilitation classes. These
patients reported increased physical activity and exercise
before symptoms.


When comparing initial measurements with the follow-up
measurements (after prehabilitation or self-conducted weight loss
attempts), most patients experienced an improvement in their body
measurements and fitness (Table 3). The differences between the
patient’s first (baseline) measurements were compared with the
measurements from the last preoperative appointment. For patients
who did not undergo VHR, measurements from their last follow-up
appointment were used instead. Patients in both groups had a
decrease in their hip and waist circumference. Prehabilitation trended
toward a larger decrease in waist circumference when compared with
standard counseling. Patients in both groups were able to perform
more sit-stands during their fitness test in 30 seconds. Patients in
prehabilitation trended toward higher weight lost than standard
counseling.


A total of 44 patients underwent VHR in the prehabilitation
group and 34 in the standard counseling group after meeting one of
the three criteria described above. Operative duration and length of
stay were similar between the two groups. However, patients in
prehabilitation were less likely to suffer from postoperative compli-
cations. Three patients in the prehabilitation group compared with six
in the standard counseling group experienced a surgical site occur-
rence at 1-month postoperative (6.7% vs 17.6%) (Table 4).


Overall, prehabilitation was associated with a higher percent-
age of total weight lost and a higher percentage of patients who
achieved preoperative weight loss goals (7% TBW or greater)
(Table 5). There were no treatment modifiers when the primary
outcome was stratified for BMI (eTable1, http://links.lww.com/SLA/
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B466). The prehabilitation group was more likely to be hernia-free


TABLE 3. Comparison of Changes in the Prehabilitation and
Standard Counseling Groups


Characteristic
(Mean�SD)


Prehabilitation
(n ¼ 54)�


Standard
Counseling
(n ¼ 58) y P


Decrease in waist size, cm 4.6 (� 16.7) 1.6 (� 8.9) 0.239
Decrease in hip size, cm 2.1 (� 6.5) 2.3 (� 8.4) 0.188
Increase in sit-stand test 2.2 (� 3.7) 2.7 (� 3.2) 0.421
Total weight loss, lbs 6.0 (� 9.4) 4.3 (� 8.3) 0.308


This table shows the mean and SD of the difference between the baseline
measurements and the patient’s last preoperative or follow-up visit.


�Excludes 3 patients who dropped out of prehabilitation and 2 patients who
underwent emergent repair before any preoperative follow-up visit.
yExcludes 1 patient who dropped out of standard counseling.
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and complication-free (69.5% vs 47.5%, P ¼ 0.015). However,
prehabilitation trended toward a higher likelihood for dropout or
need for emergent repair (P ¼ 0.061).


Within the prehabilitation group, 27.3% of patients lost
enough weight to meet their preoperative weight loss goal, compared
with 17.6% in the standard counseling group (Table 6). Of the
patients who underwent surgical repair, patients who met their
weight loss goal (7% or more TBW loss) compared with those
who did not reach it (<7% TBW) had a tendency toward fewer
wound complications, but this was not statistically significant (5.6%
vs 13.3%, P ¼ 0.365). Only one patient (5.6%) who met their
preoperative weight loss goal experienced a wound complication,
but eight (13.3%) of those who lost weight but did not met their goal

er Health, Inc. All rights reserved.


Characteristics
Prehabilitation


(N ¼ 59)


Standard
Counseling
(N ¼ 59) P


Secondary outcomes
Dropped out 3 (5.1%) 1 (1.7%) 0.619
Emergent repair 4 (6.8%) 0 (0%) N/Az


Gained weight 9 (16.7%) 14 (24.1%) 0.359
Met weight goaly 12 (22.2%) 6 (10.3%) 0.122
Lost weighty 45 (83.3%) 44 (75.9%) 0.359
Total weight loss, lbs� 6.0 (� 9.4) 4.3 (� 8.3) 0.309
Underwent VHRy 44 (81.5%) 34 (58.6%) 0.013
Wound complication 3 (6.8%) 6 (17.6%) 0.167


Primary outcome
Hernia- and complication-free 41 (69.5%) 28 (47.5%) 0.015


�Mean (�SD).
yExcludes 5 patients in prehabilitation (3 dropped out and 2 who underwent surgery


1–3 wks after enrollment), and 1 in standard counseling (1 dropped out).
zP value was not calculated, as one of the categories had 0 occurrences.
VHR indicates ventral hernia repair.
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TABLE 6. Surgical Outcomes in Patients Who Met Their Pre-
operative Weight Loss Goals and Those Who Did Not (and
Underwent Elective Ventral Hernia Repair)


Met Weight Loss
Goal (�7% TBW)


Weight Loss but
Did Not Meet


Goal (<7% TBW) P


Prehabilitation 12/45 (27.3%) 32/45 (72.7%) —
Standard counseling 6/44 (17.6%) 28/44 (82.4%) —
Wound complications 1/18 (5.6%) 8/60 (13.3%) 0.365


Preoperative weight loss goal ¼ 7% TBW or more.
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DISCUSSION


This is the first RCT on the effect of prehabilitation among
obese patients seeking VHR. Patients involved in structured preha-
bilitation lost more weight and were more likely to reach their
preoperative weight loss goal (7% TBW or more), and as a result,
were more likely to be hernia-free. Also, they had a higher chance to
be complication-free from their repair at 30 days postoperative. This
suggests that a structured program compared with the traditional 1-
time counseling during a preoperative visit may have benefits for
obese patients. In addition, the patients in prehabilitation saw more
change in their body measurements and trended toward a greater
decrease in waist circumference. Even though there were participants
in both groups who gained weight, this was more common within the
standard counseling group.


Despite its benefits, prehabilitation may have some limita-
tions. Even though this study showed a high number of patients from
a low socioeconomic population successfully completing prehabili-
tation at a safety-net hospital, more patients dropped out with
prehabilitation. It is possible that patients in this group had a longer,
more rigorous time commitment than those in standard counseling.
Standard counseling only required an additional 5 to 10 minutes
during the preoperative appointment to discuss surgical optimization.
This was a time commitment that most expected when seeking
surgical repair for their ventral hernia. Prehabilitation, on the con-
trary, required a 1 to 6 months commitment (time dependent on how
fast patient achieved desired weight loss). The prehabilitation pro-
gram was comprised of a multifactorial approach with monthly
meetings, daily checklist, among other tasks that demanded effort
and time from the patient. Efforts to participate in the study were
required for patients in both groups; however, prehabilitation may
translate to additional time off from work, time away from other
responsibilities, and increased need to arrange for transportation,
child care, and other obstacles. Regardless of the benefits that
prehabilitation demonstrated, it is possible that the sacrifices affected
some patient’s ability to complete the program.


Significant effort from a multidisciplinary health care team
was also required in order to establish this prehabilitation program.
Even though most of the resources needed to establish a prehabili-
tation program can be found within most health care systems already,
it is challenging to align all the different teams to achieve a successful
program. The patients in the prehabilitation group attended weekly
meetings with physical therapy and nutrition sessions. During the
physical therapy portion of their care, they received a resistance
weight band (about $2 per band) and a 90-minute DVD developed by
the physical therapy department. This DVD had multiple workout
sessions, including a Zumba workout, stretching, bed exercises
(patients could perform laying down), cardioaerobics, and exercises
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performed with a weight resistance band. In addition, patients
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received handouts with exercise information obtained from the
web (free resources). For the nutrition portion of their visit, they
received a 1-hour lecture and explanations with take home handouts
on subjects such as portion size, healthy choices when eating out, and
how to read food labels.


More importantly, patients in prehabilitation may have an
increased risk for emergent repair. All four patients who underwent
emergent repair were from the prehabilitation group. These patients
reported increased activity and a new exercise regimen before the
onset of symptoms. They all presented with signs and symptoms of
incarcerated or strangulated bowel. Therefore, it is possible that
obese patients who try to change their activity level may risk
developing an incarceration and needing emergency surgery. To
our knowledge, no studies have shown an association with increasing
physical activity or exercise and a risk for emergent surgery in obese
individuals with a ventral hernia. Studies have shown a small but
possible incidence of inguinal hernia development associated with
strenuous activity. In a systematic review on the relation between
strenuous activity and inguinal hernia development, Patterson et al27


found that only 4% to 5% of patients met criteria to associate a single
strenuous event with the development of a hernia. Vad et al28 reported
a possible reduction in the need for inguinal hernia repair in their
2017 study by a reduction of the number of hours spent standing/
walking from over 6 hours a day to less than 4 hours. However, the
findings seen in patients with inguinal hernias cannot be assumed for
patients with ventral hernias, and our study was not powered to
show a possible association between activity level and risk for
emergent repair.


At this point, it is difficult to know which obese patients may
be at an increased risk for emergent repair when engaged in a
prehabilitation program. It is important to discuss with patients that
weight loss and exercise may be beneficial but may also have
associated risks. Patients should be informed of a possible risk of
emergent surgery and counseled during the preoperative period
regarding the signs and symptoms of obstruction, incarceration,
and strangulation. Surgeons must emphasize the need to seek medi-
cal evaluation if these symptoms occur. Even though this study did
not evaluate the amount of exercise, type of exercise, or amount of
weight loss associated with emergent repair, most of the patients who
required emergent surgery developed symptoms early in their course
of prehabilitation. This may suggest that patients who have an abrupt
change in activity may have an increased risk. It may be beneficial to
counsel patients to start with a slow incremental exercise regimen.
Our current findings are hypothesis-generating and future, large
multicenter studies should be powered to assess the risk of dropout
and incarceration with prehabilitation.


Due to the nature of the study, there were some limitations. It
was not feasible to blind the patients or prehabilitation team to the
treatment groups. However, the operating surgeon, the surgeon
evaluating the patient at the postoperative visit, and the individual
performing the data analysis were all blinded in attempts to reduce
bias. Furthermore, this study was carried out in a specific patient
population from a particular geographic area, with a majority of
patients being low socioeconomic minorities. Future multicenter
trials must be conducted in order to assess the generalizability of
these findings to other populations. It was promising that despite
the limited resources and the fact that the prehabilitation program
entitled a significant amount of time and effort from the patients and
health care staff, a high number of patients completed the program.


Also, the prehabilitation group had slightly more patients with
complex hernia by chance, as this study was performed using
blinded, variable block randomization. However, by chance alone,
all randomized trials will have differences in measured and unmea-
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sured variables. Of note, the four patients who required emergent
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repair all had recurrent ventral hernias. Whether the risk of emer-
gency surgery was due to prehabilitation or another variable would
require additional studies to validate. This study cannot predict how
the difference in complexity of the hernias affected the patient’s
outcomes. Finally, this study was not designed to consider emergency
surgery as a negative outcome. We did not include this as a negative
outcome because presumably, patients undergoing emergency sur-
gery are at an increased risk for complications. Future studies may
want to consider assessing the impact and risk of emergency surgery
with prehabilitation.


Future studies are needed to assess some of the hypothesis
generating findings suggested by this trial. The association between
prehabilitation and an increased risk for emergent repair of a ventral
hernia remains unknown. In addition, long-term outcomes are
needed to evaluate for recurrence and other complications, and a
cost analysis in order to compare the cost and savings from a
prehabilitation program.


CONCLUSIONS


A prehabilitation program for obese patients is feasible to
implement at a safety-net hospital. Those patients undergoing pre-
habilitation have a higher likelihood of being hernia-free and com-
plication-free at 30 days postoperatively. However, prehabilitation
tended to draw more patients away from the study and it may be
associated with an increased risk for emergent VHR. Although
further trials and long-term outcomes are needed, prehabilitation
may benefit surgical patients who are obese and with poor fitness.
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DISCUSSANTS


Dr Gerald Fried (Montreal, QC):
Thank you, President–Elect McLeod. First, I would like to


congratulate the authors on a beautifully presented study. I think we
all recognize that the outcomes of ventral hernia repair have room for
improvement, with significant morbidity and relatively high risk of
occurrence. This is even more problematic in obese patients.


To address these challenges, the authors have evaluated a
prehabilitation protocol designed to reduce BMI in advance of
surgery compared with standard counseling in a RCT. The preopera-
tive goal was a 7% weight loss or 6-month counseling without
weight gain.


They found that prehabilitation was more effective than
standard counseling with respect to weight loss and thus more
patients in the prehabilitation group were eligible for surgery by

er Health, Inc. All rights reserved.


the study criteria. That group also had significantly fewer
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postoperative complications. However, the prehabilitation group had
a higher risk of requiring emergency surgery for increasing symp-
toms or strangulation.


I have some comments and questions.
Probably, most important is the randomization. There were


substantial differences between groups that could have been avoided
with better stratification. The prehabilitation group was twice as
likely to have had a previous VHR and mesh implantation. Is it
possible that the increased rate of emergency surgery in this group
could be explained by these differences alone?


Other prehabilitation studies have shown a reduction in post-
operative complications by focusing on cardiorespiratory training
goals designed to improve VO2 max instead of weight change
specifically. Can you elaborate a little bit more on your prehabili-
tation protocol? For instance, was weight training part of their
exercise component? That may generate high intra-abdominal pres-
sures and perhaps also risk an acute hernia event.


I wonder why you used 6 months as a time frame for
prehabilitation. This seems quite long. In colorectal surgery patients,
quite significant cardiorespiratory improvement can be achieved
from prehabilitation within about 6 weeks resulting in an improve-
ment in postoperative outcomes, based on a regimen involving
walking and stationary bicycling.


How did you manage the patients who did not meet your study
criteria for weight loss? I assume that they were eventually operated
on. If so, how did their outcomes compare with those who did meet
the study goals for weight loss?


In a value-focused era, can you give us an idea of the resources
required to run this program and whether you have a sense of what
the return is on that investment?


Having set up this RCT, do you plan on following these
cohorts for longer-term outcomes, particularly with respect to hernia
recurrences?


I want to thank the authors for providing the manuscript in
advance, and I would like to congratulate them on their excellent
work.


Response from Mike K. Liang:
Thanks for the opportunity to answer those questions and
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First, regarding the randomization, this is a smaller study and
we stratified by BMI. It was not feasible to stratify by additional
criteria because of the size of the study. However, you are correct,
future studies should consider stratifying by other important varia-
bles. The differences that you bring up were by chance, and it is
possible that hernia characteristics rather than the intervention
caused the differences in emergency surgery. That being said, our
study was not powered to look at dropout or emergency surgery. Any
conclusion other than the primary outcome is hypothesis generating
only and needs additional study.


You bring up a great point about the role of cardiorespiratory
therapy such as spirometry, and you asked what kind of interventions
were utilized. This was a nonweight lifting-based training. It
involved dietary education, and it also involved walking programs,
sit/stand type programs. There is concern that even those kinds of
exercises could potentially drive the risk for incarceration by increas-
ing intra-abdominal pressure. Further study is needed to clarify
that concern.


You asked a great question about why we chose 6 months, as
other types of programs can achieve effects in 6 weeks or so. This
is because our primary goal was weight loss. Large studies
have shown that patients are able to lose 7% of their TBW in 6
months, and 7% TBW has a metabolic effect in reversing diabetes.
So, because of that, we felt like there was a pathophysiologic
mechanism for 7% TBW loss and improving outcomes for
these patients.


Your next question was what do we do with the patients who
did not meet the criteria? We followed the guidelines. Those who did
not meet the 3 criteria for surgery did not undergo VHR, and have not
by us. As we showed in our nonoperative trial, a number of patients
may seek repair outside of our health care system.


Regarding the value of prehabilitation, I think that cost is
really important. Cost will be one of the outcomes that we will be
looking at when we follow-up our patients in 1 year and 3 years, so
the study is primed to follow-up for 3 years. Cost analysis will be an
important part of that, and looking at whether or not the resource
expenditures, which is substantial, was valuable enough in improv-
ing outcomes and decreasing costs for the overall health care
system.

Thank you very much for your questions.

to present.
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Impact of preoperative change in
physical function on postoperative
recovery: Argument supporting
prehabilitation for colorectal surgery
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Background. Abdominal surgery represents a physiologic stress and is associated with a period of recovery
during which functional capacity is often diminished. ‘‘Prehabilitation’’ is a program to increase
functional capacity in anticipation of an upcoming stressor. We reported recently the results of a
randomized trial comparing 2 prehabilitation programs before colorectal surgery (stationary cycling plus
weight training versus a recommendation to increase walking coupled with breathing exercises); however,
adherence to the programs was low. The objectives of this study were to estimate: (1) the extent to which
physical function could be improved with either prehabilitation program and identify variables associated
with response; and (2) the impact of change in preoperative function on postoperative recovery.
Methods. This study involved a reanalysis of data arising from a randomized trial. The primary
outcome measure was functional walking capacity measured by the Six-Minute Walk Test; secondary
outcomes were anxiety, depression, health-related quality of life, and complications (Clavien classifica-
tion). Multiple linear regression was used to estimate the extent to which key variables predicted change
in functional walking capacity over the prehabilitation and follow-up periods.
Results. We included 95 people who completed the prehabilitation phase (median, 38 days; interquartile
range, 22–60), and 75 who were also evaluated postoperatively (mean, 9 weeks). During
prehabilitation, 33% improved their physical function, 38% stayed within 20 m of their baseline score,
and 29% deteriorated. Among those who improved, mental health, vitality, self-perceived health, and
peak exercise capacity also increased significantly. Women were less likely to improve; low baseline
walking capacity, anxiety, and the belief that fitness aids recovery were associated with improvements
during prehabilitation. In the postoperative phase, the patients who had improved during prehabili-
tation were also more likely to have recovered to their baseline walking capacity than those with no change
or deterioration (77% vs 59% and 32%; P = .0007). Patients who deteriorated were at greater risk of
complications requiring reoperation and/or intensive care management. Significant predictors of poorer
recovery included deterioration during prehabilitation, age >75 years, high anxiety, complications
requiring intervention, and timing of follow-up assessment.
Conclusion. In a group of patients undergoing scheduled colorectal surgery, meaningful changes in
functional capacity can be achieved over several weeks of prehabilitation. Patients and those who care for
them, especially those with poor physical capacity, should consider a prehabilitation regimen to enhance
functional exercise capacity before colectomy. (Surgery 2011;150:505-14.)
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DESPITE ADVANCES IN SURGICAL CARE, the incidence of
postoperative complications following colorectal
surgery remains high, ranging from 25% to
60%.1,2 Even in the absence of complications, ma-
jor surgery is associated with a 20–40% reduction
in physiologic and functional capacity when mea-
sured by energy expenditure, endurance time,
workload, and heart rate during maximum exer-
cise.3 This reduction in physiologic reserve is expe-
rienced as a greater level of fatigue 6–8 weeks after
hospital discharge.4 Fatigue is manifested by
muscular weakness, increased need for sleep, and
decreased ability to concentrate. It is correlated
with preoperative health status, preoperative fa-
tigue, weight, grip strength, degree of operative
trauma, intensity of metabolic response, and post-
operative deterioration.5 The elderly and others
with limited metabolic protein reserve are the
most susceptible to the negative effects of opera-
tive stress. Furthermore, many colorectal cancer
patients undergo adjuvant chemotherapy and radi-
otherapy, which, together with operation, have
prolonged physical, functional, nutritional, and
psychological effects.


The process of enhancing functional capacity of
the individual to enable him or her to withstand an
incoming stressor has been termed prehabilitation.6,7


Although education has been used to prepare
patients for procedures,8 little has been developed
to enhance systematically functional capacity with
exercise before operation. Poor baseline physical
performance capacity increases the risk of compli-
cations after major noncardiac surgery9,10 and pro-
longs recovery after abdominal surgery.3 Although
the effects of physical activity are highly beneficial
in medical conditions such as diabetes, hyperten-
sion, and some forms of cancer, very little has
been published in surgical patients. In addition, ex-
ercise has benefits beyond the physical, and in the
face of the health threat faced by patients requiring
colorectal surgery, active participation in the prepa-
ration process may have benefits beyond the physi-
cal and alleviate some of the emotional distress
surrounding the anticipation of abdominal surgery
and the recovery process.


Based on the notion that preoperative exercise
would have an impact on recovery of functional
capacity after colorectal surgery, we reported re-
cently the results of a randomized trial11 comparing
2 prehabilitation interventions. This trial compared
2 exercise programs (stationary cycling plus weight
training versus a recommendation to increase walk-
ing coupled with breathing exercises) for several
weeks before colorectal surgery. Surprisingly, the re-
sults of this trial revealed that a greater proportion

of people assigned to the walk plus breathing inter-
vention recovered functional walking capacity post-
operatively, our measure of outcome, than those
assigned to the more demanding regimen.


This trial, however, proved challenging, because
this was a heterogeneous group of patients with
different health states, needs and expectations for
recovery, and adherence. There was variation in the
degree to which the prehabilitation program was
effective in improving or maintaining the physical
reserve of patients awaiting colorectal surgery. This
finding indicates that, regardless of the prehabilita-
tion group, there were people who could be con-
sidered ‘‘responders,’’ whose functional capacity
improved with either prehabilitation intervention,
whereas others had no response or actually declined
during the program. To understand more com-
pletely the benefits and risks of a preoperative
prehabilitation program, an understanding of who
responds to this intervention and the effect of
prehabilitation response on postoperative recovery
is warranted. The specific objectives of this rean-
alysis of the trial data were to estimate: (1) the extent
to which physical function could be improved with
either prehabilitation intervention and identify
variables associated with a positive response; and
(2) the impact of change in preoperative function
on postoperative recovery and other outcomes.


METHODS


The results of the original trial havebeen reported
previously.11 In brief, adults persons scheduled for
resection of benign or malignant colorectal lesions
or for colon reconstruction of nonactive inflamma-
tory bowel disease were eligible unless they had
compromised health status (American Society of An-
esthesiologists [ASA] class 4–5) or comorbidmedical
conditions interfering with the ability to perform ex-
ercise at homeor to complete the testingprocedures.
Following enrollment, persons were assessed. The
primary outcome measure was the 6-minute walk
test (6MWT), a measure of functional walking
capacity12-15 that evaluates the capacity of a person
to maintain a moderate level of walking for a period
of time, reflective of activities of daily living.16


Percentages of age- and gender-specific norms are
calculated from the predicted distance using the
following formula: predicted distance (m) = 868 �
(age*2.9) � (female*74.7); where age is in years
and the value ‘‘1’’ is assigned for women.15 A recent
paper supports the validity of the 6MWTas ameasure
of postoperative recovery.17


To prescribe the intensity of the prehabilitation
exercise program, a VO2peak test was administered
on an electronically braked cycle ergometer using
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a standard protocol. Subjects began at a very low
workload (approximately 5–20 Watts) and the
workload was increased by 1 Watt every 2–5 sec-
onds until volitional exhaustion.


Health-related quality of life was assessed using
the Medical Outcomes Study 36-Item Short-Form
Health Survey (SF-36),18 a reliable and valid generic
index of perceived health status.18-20 It incorporates
behavioral functioning, subjective well-being, and
perceptions of health by assessing 8 health concepts
on a 0–100 scale: (1) physical function, limitations
in physical activities owing to health problems; (2)
role physical, limitations in role activities owing to
physical health problems; (3) role emotional
(RE), limitations in usual role activities due to emo-
tional problems; (4) social functioning, limitations
in social activities owing to health problems; (5)
bodily pain, pain; (6) general health, general health
perceptions; (7) vitality, energy and fatigue; and (8)
mental health, general mental health.18 Two sum-
mary scores have been developed: The Physical
Component Summary and the Mental Component
Summary have been standardized to have a mean
of 50 and a standard deviation of 10.18 A greater
score on the SF-36 subscales or component sum-
mary measures indicates a better quality of life. A
change of as little as 2 units on the Physical Compo-
nent Summary has been shown to be the minimum
clinically meaningful change; 5 points is often tar-
geted by medical intervention studies, although op-
erative interventions can have an impact as great as
10 points.18 Norms for the Canadian population are
available.21


Subjects were also asked to evaluate their health
using the EuroQuol EQ-5D22,23; clinically mean-
ingful change has been estimated at approximately
10 points.25 Emotional health was measured using
the Hospital Anxiety and Depression Scale
(HADS)26,27; values of $8 are sensitive for detect-
ing depression. Persons were also asked to rate
their level of physical fitness on a scale from 0
(‘‘worst possible fitness’’) to 10 (‘‘best possible fit-
ness’’) and to indicate the degree to which they
felt their level of fitness before surgery was a factor
affecting recovery (likely/unlikely).


Both groups were instructed to follow their
assigned program daily, were visited at home at
least once to verify the exercise program, and were
telephoned weekly until operation. During the
week before the scheduled date of operation, a
second appointment was made to reassess partici-
pants on all measures. The reassessment postoper-
atively was scheduled to coincide with participants
surgical follow-up visit between 2 and 4 months
postoperatively.

Statistical methods. There were 2 parts to this
study: (1) the prehabilitation phase and (2) the
follow-up phase, looking at the impact of changes
during the prehabilitation phase, on recovery after
operation. Analyses for the prehabilitation phase
were restricted to people with either a 6MWT or a
2-minute walk test (2MWT) at baseline and at
operation. To evaluate the postoperative follow-up
phase, analyses were restricted to persons who
completed the prehabilitation phase and who
had either a 6MWTor a 2MWT at least once within
6 months postoperatively.


Persons who completed the prehabilitation
phase were compared with those who did not using
the t, chi-square, or Fischer exact tests, depending
on the measurement scale of the variable under
study and the sample distribution. Change in the
6MWT over the prehabilitation period and at
follow-up was calculated and categorized as im-
proved (gain of $20 m), no change (within 20 m
of baseline), or deteriorated (loss of 20m). Changes
in key variables over the prehabilitation phase were
calculated for each of the 3 prehabilitation change
groups and evaluated using paired t tests.


Change in 6MWT scored as a percent of base-
line was also calculated for each person and,
because it was normally distributed, it was treated
as a continuous variable. Multiple linear regression
was used to estimate the extent to which key
explanatory variables predicted change in func-
tional walking capacity over the prehabilitation
phase. Regression coefficients from this model are
interpreted as the effect on the percent change
from baseline associated with each level or unit of
the variable under study. All estimates were ad-
justed for age, gender, body mass index, diagnosis,
baseline 6MWT, and time to operation as well as all
other variables given in the table. Similar analyses
were done for the follow-up phase.


To minimize potential bias arising from missing
data, multiple imputation was performed28,29 on
the longitudinal data. Imputation was based on
the data arising from keymeasured variables includ-
ing 6MWTand 2MWT, VO2peak, age, gender, weight,
diagnosis, and values on the health questionnaires.
Imputation for the main outcome variable, the
6MWT, was only performed if there were data on
the 2MWT; the 6MWT at the preoperative visit was
imputed for 4 subjects. Multiple imputation pro-
vides estimates of the value on a missing variable
that would have been recorded if the person had
been assessed. The estimated values incorporate
the data that are available, cross-sectionally and
over time, as well as variation in the multivariate dis-
tribution of this existing data. Although data from a
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single imputation are presented in data tables for
ease of comprehension, analyses were performed
using 20multiply imputeddatasets in order to incor-
porate error both within and between imputed data
sets so that the model error term includes the usual
sources of error as well as error arising from imputa-
tion, to avoid the P value being underestimated and
more likely to cross the conventional threshold for
significance.28,29


All analyses were done using SAS version 9 (SAS,
Inc., Cary, NC)30; analyses using multiply imputed
data were done through the SAS procedure, proc
mianalyse.


RESULTS


In the original trial, 167 persons were assessed for
eligibility, 26 refused entry, and 8 were not random-
ized, leaving 133 persons. Of this trial sample, 95
persons (80%) completed the prehabilitation phase;
the median duration of the prehabilitation period
was 38 days (interquartile range, 22–60). Another
20 persons did not attend for the follow-up assess-
ment within a reasonable time postoperatively. The
average time (mean ± standard deviation) to post-
operative visit was 9 ± 2.2 weeks postoperatively
(range, 4–17). Those who completed the baseline
assessment (n = 95) and returned for a preoperative
assessment were compared with those who did not
(n = 38) on all baseline variables. Of the 28 variables
available for comparison, significant differences
were observed for 2 subscales of the SF-36, Physical
Function and Social Function. For both variables,
noncompleters had poorer function (data not
shown).


Oneormorepostoperative complicationoccurred
within 30 days of operation in 35 of the 95 subjects
(37%).31 Clavien grade I complications (bedside
treatment) occurred in 9 patients, grade II (operative
or radiologic intervention) in 17 patients, and grade
III in 6 patients. Grade III complications included
deep surgical site infections in 3 patients, perineal
infection requiring skin graft in 1, and anastomotic
leak requiring reoperation in 2; 2 patients had
grade IV complications (requiring intensive care
unit admission), 1 for a gastrointestinal bleed from
esophagitis and 1with a non–ST-elevationmyocardial
infarction. One patient with metastatic disease died
many months postoperatively without ever being
discharged after a prolonged course including myo-
cardial infarction, intra-abdominal sepsis, fistula,
and respiratory failure.


Baseline variables for the 95 subjects completing
the prehabilitation phase are presented in Table I.
The most common indications for operation were
neoplasm (62%), inflammatory bowel disease

(15%), and diverticular disease (23%). Health-
related quality of life was less than population
norms for most subscales. The operative proce-
dures included segmental colon resection (47%),
anterior rectal resection (31%), and proctocolec-
tomy with or without pouch (12%). Operations
were performed by colorectal specialists. A laparo-
scopic approach was used in 25%, and 28% of
patients had a stoma.


Table II shows that over the prehabilitation
phase, functional walking capacity improved in
33% of subjects, did not change in 38%, and dete-
riorated in 29% (using the criterion of ±20 m). A
comparison is made for key variables at baseline
and after completing prehabilitation for patients
in whom walking capacity improved, remained
the same or deteriorated. Also presented is the
change from baseline. Of note, is that missing
data was rare (1–8 persons) for many measures;
VO2peak was missing in 22 patients at the preoper-
ative visit; 10 and 12 persons did not complete the
HADS at the 2 preoperative assessments.


On average, thosewho improveddid so by 46.6m.
(approximately 9% of baseline), and those who
deteriorated did so by approximately the same
amount (�48.9 m). Those who improved in func-
tional walking capacity over the prehabilitation
phase had significant improvements in mental
health, vitality, self-perceived health (EQ-VAS), and
VO2peak. Therewas no associationbetweenASAclass
at baseline and degree of change over prehabilita-
tion period.


Variables associated with change in functional
walking capacity over the prehabilitation period (‘‘re-
sponse to prehabilitation’’) are shown in Table III.
Women showed, on average, 6.3% less improvement
than men. Baseline functional walking capacity was
also predictive, with those in the lowest quartile
showing the most improvement from baseline
(7.2%), probably because there was more room for
improvement. High and moderate anxiety levels
were also associated with improvement from baseline
(10.2% and 5.6%, respectively), as was the belief that
fitness level affected recovery (5.3%). Using the re-
gression weights for each level of each variable in
Table III, it is possible to estimate a predicted value
for percent change. For example, men aged 50–74
with cancer who are fit (6MWT above the median),
have no anxiety, and a short wait to operation would
have a predicted change of near 0%.


Clinical outcomes during hospitalization were
compared between patients who improved, stayed
the same, or deteriorated during the prehabilita-
tion program. The median duration of hospital stay
was 5 days in each group. There was no difference in







Table I. Characteristics and baseline values on measures of physical and mental function and health of the
95 persons completing the prehabilitation phase


Completers (n = 95*), mean (SD) or %


Age (yr) 60 (16)
<65 years 54%
Men 60%
Body mass index 28 (5)
Belief that fitness aids recovery 75%
ASA 1/2/3 6%/71%/23%
Neoplasm/inflammatory bowel disease/diverticulary 62%/15%/23%
Bike + strengthening/walk + breathing 52%/48%
Physical function


Self-rated physical fitness (0–10) 5 (2)
6MWT (m) 489 (103)
% Predicted 102 (17)
2MWT (m) 166 (33)
VO2max (mL/min) 1435 (541)
VO2max (mL/kg/min) 18.6 (6.5)


Health and mental status
EQ-5D utility 76.0 (11.0)
EQ-5D VAS 67.4 (17.7)
HADSz: anxiety (0–21) 5.8 (4.2)
HADSz: depression (0–21) 3.5 (3.2)


SF-36 subscales (0–100) [Norm 55–64 yr]
Physical function [82.3] 81.1 (21.8)
Role physical [81.3] 64.3 (43.7)
Role emotional [87.8] 74.5 (40.2)
Social function [88.1] 78.9 (25.3)
Bodily pain [74.9] 69.7 (26.0)
General health perception [74.8] 65.3 (18.2)
Vitality [68.3] 58.0 (22.6)
Mental health index [79.5] 71.7 (19.4)
Physical health (Physical Component Summary)x [49.0] 46.8 (9.3)
Mental health (Mental Component Summary)x [53.7] 48.7 (10.5)


*Owing to missing data, the number of persons with data ranged from 84 to 95.
yFrom pathology.
zEach subscale is scored 0–21; higher values indicate more anxiety or depression.
xMeasures are standardized to have a mean of 50 and a standard deviation of 10.
Percent predicted 6MWT calculated from the regression equation using age and gender provided by Gibbons et al.24


SD, Standard deviation.
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the overall rate of complications across the 3 groups;
however, patients who deteriorated during preha-
bilitation had a greater rate of complications
requiring reoperation and/or intensive care (ie,
grade IIIb or greater) compared with patients who
improved or stayed the same (5/28 [18%] vs 1/66
[2%]; P = .008).


In the postoperative follow-up phase, the impact
of the response to the prehabilitation intervention
on postoperative recovery was evaluated as the
primary outcome. Of the 95 people completing
the prehabilitation phase, 20 did not return for
postoperative assessment. Of the >20 variables
examined, there was a difference between com-
pleters and drop-outs on only HADS depression at
baseline (3.0 for completers vs 5.5 for drop-outs;

P # .02), although drop-outs were also more im-
paired (P< .10) than completers on the SF-36 men-
tal health subscale (65 for drop-outs vs 73 for
completers at baseline and preoperatively). There
were no significant differences in clinical variables,
including postoperative complications, duration
of stay, presence of a stoma, laparoscopic approach,
or rectal anastomosis, to account for differences in
follow-up.


Using the same criteria to define change over
the follow-up period as for the prehabilitation
period (20 m), 57% would be considered recov-
ered (within 20 m of baseline 6MWT value) at
follow-up. Table IV presents the association be-
tween prehabilitation change and recovery using
this classification. Of those persons who improved







Table II. Prehabilitation period: Outcomes according to prehabilitation change in functional walking
capacity (imputed data for n = 95)


Change in 6MWT during prehabilitation


All* (n = 95),
mean (SD)[n]


Improved (n = 31;
33%), mean (SD)


No change (n = 36;
38%), mean (SD)


Deteriorated (n = 28;
29%), mean (SD)


6MWT (m)
Baseline 499 (112) 487 (100) 482 (100) 489 (103) [95]
Preoperatively 545 (112) 485 (103) 433 (109) 489 (116) [91]
Change 46.6 (25.0) �1.7 (11.4) �48.9 (26.0) 0.2 (43.3) [91]


SF-36z: improvements in mental health
Baseline 65.9 (18.8) 71.4 (18.6) 78.5 (18.9) 71.7 (19.2) [93]
Preoperatively 71.5 (18.2) 74.3 (16.7) 75.5 (19.1) 73.7 (17.8) [94]
Change 5.6y (15.2) 2.9 (14.4) �3.0(15.4) 2.1 (15.2) [93]


SF-36z: vitality
Baseline 55.3 (20.0) 55.1 (23.5) 62.4 (25.2) 57.3 (22.9) [93]
Preoperatively 64.5 (19.3) 59.2 (19.9) 58.1 (22.7) 60.6 (20.5) [94]
Change 9.2y (20.3) 4.0 (19.4) �4.2(17.9) 3.3 (19.8) [93]


SF-36z: PFI
Baseline 84.9 (19.2) 80.4 (21.7) 77.2 (24.8) 81.0 (21.9) [93]
Preoperatively 89.4 (13.2) 82.8 (24.6) 74.6 (29.4) 82.5 (23.7) [95]
Change 4.5 (17.8) 2.4 (18.1) �2.6(26.7) 1.6 (20.9) [93]


SF-36z: bodily pain
Baseline 68.2 (27.9) 72.9 (23.8) 68.5 (27.2) 70.1 (26.0) [94]
Preoperatively 76.7 (26.5) 78.1 (21.7) 73.3 (30.3) 76.2 (25.8) [94]
Change 8.5 (31.2) 5.3 (24.0) 4.8 (23.2) 6.2y (26.1) [93]


EQ-VAS
Baseline 67.3 (19.0) 68.4 (17.6) 69.5 (18.1) 68.3 (18.1) [87]
Preoperatively 76.9 (11.6) 75.1 (12.4) 69.3 (15.9) 74.0 (13.5) [89]
Change 9.6y (19.6) 6.7y (17.5) �0.2 (14.9) 5.6y (17.8) [85]


VO2peak/mL/kg/min
Baseline 19.9 (7.0) 17.7 (6.8) 18.3 (5.7) 18.6 (6.5)
Preoperatively 22.3 (7.3) 19.4 (6.5) 18.9 (6.8) 20.2 (7.0)
Change 2.4y (3.6) 1.7y (3.2) 0.6 (3.8) 1.6y (3.6)


VO2peak/mL/min
Baseline 1505 (583) 1397 (522) 1405 (528) 1434 (541) [95]
Preoperatively 1682 (595) 1535 (523) 1462 (611) 1562 (575) [73]
Change 177y (282) 138y (221) 57 (295) 127y (266) [73]


HADSx: anxiety
Baseline 6.2 (4.2) 6.2 (4.6) 3.7 (2.9) 5.5 (4.2) [85]
Preoperatively 6.0 (3.6) 6.0 (4.8) 3.4 (3.2) 5.3 (4.2) [83]
Change �0.2 (3.1) �0.2 (3.3) �0.3 (3.1) �0.2 (3.1)[78]


HADSx: depression
Baseline 3.5 (3.2) 3.8 (2.8) 3.2 (3.7) 3.5 (3.2) [85]
Preoperatively 2.8 (2.7) 3.5 (3.5) 3.1 (3.9) 3.2 (3.3) [83]
Change �0.7 (3.3) �0.3 (2.9) �0.1 (2.3) �0.4 (2.9)[78]


*Based on observed data.
yP < .05 (with both single and multiple imputation) for within group comparison; paired t test for change from baseline to preoperatively (6MWT not
included as it is used to define groups).
zSF-36 subscales are scored from 0 to 100 with higher values indicating better health.
xEach subscale is scored 0–21; higher values indicate more anxiety or depression.
PFI, Physical function index; SD, standard deviation (based on n = 95 from a single imputation).
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over the prehabilitation phase (n = 26), 77%
(23% + 54%) would be considered as recovered
(within 20 m of baseline). These proportions for
people who did not change or deteriorated during
prehabilitation were 59% and 32%, respectively
(P = .0007).

Table V indicates the predictors of recovery in the
postoperative follow-up period. Compared with
people who improved during the prehabilitation
phase, those who deteriorated had significantly
less follow-up 6MWT scores, on average 13.8% less
than their baseline; those with no change (±20 m)







Table III. Prehabilitation phase: Predictors of change (% of baseline) in functional walking capacity


Estimate (b) SE Probability


Women (40%) vs. men (60%) �6.3 2.3 .006
Age, yr (50–74 years is the referent)


18–49 (23%) �4.6 2.8 .097
$75 (22%) �5.0 3.2 .119


Baseline 6MWT (above median, 489–749 m is the referent)
Lowest quartile (24%): 154–419 m 7.2 3.3 .032
Second quartile (25%): 420–488 m 3.5 2.6 .183


ASA (2 is the referent)
ASA 1 (6%) 6.8 4.1 .095
ASA 3 (23%) �4.7 2.6 .065


HADS anxiety (<5 is the referent)
5–7 (25%) 5.6 2.7 .042
$8 (28%) 10.2 2.8 <.001


Belief that fitness affects recovery
Yes (75%) vs no (25%) 5.3 2.3 .022


SE, Standard error.
Estimates are adjusted for all other variables in the tables as well as nonsignificant prognostic variables: Diagnosis (referent = neoplasm; inflammatory
bowel disease 15%, b = 3.8, seb = 3.6; other 23%, b = 2.2, seb = 2.6), body mass index categories (referent = <25; overweight 28%, b = 2.5 seb = 2.6; obese
34%, b = �2.9 seb = 2.7), time to surgery (b per week = 0.05, seb = 0.18). Estimates are interpreted as the effect on the percent change from baseline value
achieved during the prehabilitation phase associated with each level or unit of the variable. b/SE is equivalent to a t test. Based on multiply imputed data.


Table IV. Association between recovery and
change over prehabilitation period


Follow-up
prehabilitation


Recovery to baseline


NBelow Equal* Greater


Deteriorated 15 (68%) 4 (18%) 3 (14%) 22
No change* 11 (41%) 13 (48%) 3 (11%) 27
Improved 6 (23%) 6 (23%) 14 (54%) 26


32 23 20 75


*±20 m.
Data from a single imputation (P = .0003). P # .0007 on each of the 20
multiple imputations.


Table V. Follow-up period: Significant predictors
of recovery to baseline functional walking capacity
(imputed data)


Preoperative factor Estimate (b) SE P value


Change in 6MWT during prehabilitation
Improved (referent)


Deteriorated �13.8 4.2 .001
No change �7.6 4.1 .066


Age, yr (<50 is referent)
50–74 �7.6 4.4 .088
$75 �12.4 5.2 .018


Clavien score 2–4 vs 0 or 1 �12.2 3.9 .002
HADS anxiety (<3 is the referent)
3–4 �2.3 5.0 .644
5–7 �9.7 4.9 .050
$8 �14.1 6.6 .033


Weeks to follow-up (9–11 is referent)
<6 12.8 5.6 .023
6–9 �2.1 3.7 .573
>11 �5.5 4.4 .214


Estimates are interpreted as the effect on the percent of baseline value
achieved postoperatively of each level or unit of the variable. All esti-
mates are adjusted for all other variables in the table as well as nonsignif-
icant prognostic variables: Gender, baseline 6MWT, baseline depression
as measured by the HADS, prehabilitation time, ASA, diagnosis, and
high-risk surgery. b/SE is equivalent to a t test.
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during prehabilitation showed a decrease of 7.6%
at follow-up compared with their baseline 6MWT
(P = .066). Given the average baseline 6MWT was
491 m (n = 75), these differences translate into de-
creases of a 68 and 37 m, respectively, values that
are meaningful clinically.13,14,32


Age was a significant predictor of recovery with
the oldest age group, those $75 years of age,
falling short of their baseline by 12%. Postopera-
tive complications of grade II or greater also
significantly delayed recovery, as did higher anxiety
at baseline. Finally, people with early follow-up had
a significantly greater degree of recovery, suggest-
ing that patients with poorer recovery took longer
to present for follow-up assessment.


DISCUSSION


Of 95 people who completed a prehabilitation
programwhile awaiting scheduled colorectal surgery,

33% improved their physical function, 38% stayed
the same, and 29% deteriorated. Patients random-
ized to the walking plus breathing intervention were
more likely to improve compared with the bike plus
strengtheningprogram.11 At postoperative follow-up,
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those who improved during prehabilitation were
more likely to have recovered to baseline functional
walking capacity compared with those who did not
change or deteriorated (77% vs. 59% and 32%;
P = .0007). Additionally, patients who deteriorated
while waiting for operation were at particular risk
for more serious operative complications. Although
recovery is a complex outcome influenced by multi-
ple factors, improved preoperative functional capac-
ity remained a predictor of recovery after adjusting
for multiple other prognostic variables including
age, diagnosis, rectal resection, complications, base-
line physical capacity, and follow-up time. This analy-
sis suggests that a prehabilitation intervention lasting
several weeks and based on walking and breathing
exercises can improve functional exercise capacity
in patients awaiting colorectal surgery, and this im-
provement is associated with improved postoperative
recovery.


The proportion of drop outs was high, with only
95 of 133 enrolled patients completing the pre-
habilitation phase (71%) and 75 completing
follow-up (56%). This proportion of drop outs is
similar to a study of preoperative training for
people scheduled for lung cancer surgery with
reported prehabilitation completion and follow-up
rates of 72% and 52%, respectively, in a sample of
only 13 persons.33 We performed a detailed, statis-
tical comparison of completers and noncompleters
for both the prehabilitation program and the
follow-up phase, which showed very few differences
between these groups. Although we restricted our
sample to those with outcomes data, a strength
of the analysis was appropriate handling of missing
covariate data using multiple imputation.28,29


Excluding observations with missing data not
only decreases statistical power, it results in biased
estimates of effect and error, resulting in P values
that are too small and leading to false conclusions
about relationships studied.


The results of this study provide insight as to who
is most likely to benefit from a prehabilitation and
who will be difficult to engage in such a program.
People whodid not complete the programhadpoor
physical and social function, the latter variable an
indicator of social support. Women showed less
improvement over the prehabilitation period. Peo-
ple with a lesser walking capacity at baseline were
more likely to improve, most likely because they
have more room for improvement. Interestingly,
the belief that fitness aids recovery was a strong
predictor of improvement during prehabilitation,
as was anxiety. A question that arises from these
observations is whether these 2 constructs are mod-
ifiable. For the belief variable, educational material

on the benefits of fitness could be provided to the
patient to reinforce this message. High anxiety at
baseline was also associated with improvement dur-
ing prehabilitation. This observation at first glance
might seem paradoxic, but participants who were
anxious were so because of anticipation and fear of
the operation (state anxiety) and participating in
the exercise program may have been a way of
offsetting their anxiety. Anxiety at baseline, how-
ever, was also associated with poorer recovery. Anx-
iety has been shown consistently to affect pain and
mood postoperatively, but less consistently physical
recovery.34


Not surprisingly, other factors associated with
poorer recovery were advanced age and postopera-
tive complications. Factors associated with better
recovery were change in 6MWT distance over the
prehabilitation period and prompt attendance for
follow-up. There was a positive, significant, inde-
pendent effect of prehabilitation change on recov-
ery, with those who deteriorated having a recovery
score (percent return to baseline) 13.8% less than
those who improved (P = .001), whereas those who
madeno change scored 7.6% less (P = .066). The im-
pact of the prehabilitation period can be appreci-
ated by considering that those who deteriorated
were still, on average, 10.4% less than their baseline
6MWT at 9 weeks postoperatively, whereas those
who improvedwere 3.0%greater than their baseline
value. This 13.4% difference is equivalent to a
between-group separation of 68 m on the 6MWT
at follow-up, given the baseline 6MWT for the group
seen at follow-up (n = 75) was on average 491m. The
minimal important difference for 6MWT distance
in patients recovering from operation is not known,
but is approximately 25 m in patients with chronic
respiratory disease.35 Theminimal important differ-
ence is defined as ‘‘the smallest difference in score
in the outcome of interest that informed patients.
perceive as important and which would lead the
patient or clinician to consider a change inmanage-
ment.’’36 The magnitude of the changes in func-
tional walking capacity in the prehabilitation
period are likely clinically relevant since patients
who improved (by an average of 45m) also reported
improvements in mental health, vitality, and self-
perceived health status and had improved cardiore-
spiratory fitness as measured by the gold standard
VO2peak.


Recovery is a complex outcome with multiple
contributing factors. There is no standard defini-
tion or measure to estimate this construct. Al-
though its face validity may not be obvious to
clinicians, we used the 6MWT as the measure of
recovery because it is a functional test of walking
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capacity, an outcome needed for all activities of
daily living, including self-care, community mobil-
ity, and return to usual roles. The 6MWT integrates
all components of functional walking capacity such
as balance, speed, and endurance in 1 measure. It
is easily obtainable on everyone because it is easy to
administer with minimum training and space. It
does not rely on self-report of symptoms or activ-
ities by patients, constructs that have been shown
to be affected by response shift.37,38 When postop-
erative values are compared with preoperative
values in surgical populations who are not under-
going operation for improvement in functional sta-
tus, it is a true measure of recovery. This test has
been used previously to evaluate recovery in surgi-
cal populations.17,33 To put its values in context, a
person needs to achieve a 6MWT distance of >288
meters to be able to cross a single lane intersection
during the time the traffic light remains green
(equivalent to a gait speed of 0.8 m/s)39; a person
needs to achieve a 6MWT distance of >432 meters
to be able to cross 4 lanes of traffic with the green
light (1.2 m/s).39 If these distances are not
achieved, it is unlikely that the person would be
resuming usual community activities such as shop-
ping or returning to work and, hence, he or she
could not be considered to have recovered.


The 6MWTwas also used by Jones et al33 in their
study of preoperative training before pulmonary
resection, and they showed that lung cancer pa-
tients gained on average 49 m on the 6MWT over
the course of a 4-week program of supervised
aerobic training. Adherence to the intervention
was 73% (range, 0–100%). Because the ‘‘per proto-
col’’ sample size in this study was small (n = 13), the
95% confidence interval was very wide (12–85 m).
Of the 95 people in the prehabilitation program,
almost equal proportions of people improved,
stayed the same, or deteriorated over the prehabi-
litation period.


Deterioration while waiting for the scheduled
operation was associated with serious complica-
tions and prolonged recovery. Older patients were
at risk, but other reasons for deterioration were
not clear. These might include progression of the
disease process itself, the effect of medical treat-
ments, or lack of physical activity. The cohort
included a wide range of disease states, ranging
from rectal cancer requiring neoadjuvant thera-
pies to cecal polyps to active inflammatory bowel
disease to elective resection for diverticular dis-
ease. Patients with cancer did not have a greater
risk of deterioration and there were no differences
in the proportion of patients with rectal cancer
who may have received neoadjuvant therapy. The

ASA classification was similar in the 3 groups.
Nutritional data and information about symptom
status were not collected, however. The median
duration of the prehabilitation period was 38 days
(interquartile range, 22–60), and was not different
across the 3 groups. The group who deteriorated
had less of a belief in the benefits of fitness at
baseline. They also had a tendency to deteriorate
in mental health and fatigue. Deterioration pre-
operatively is a strong argument for either a lesser
waiting time or for developing prehabilitation
strategies to combat deterioration. There is a
growing literature on mind–body interventions
that use mindfulness-based stress reduction to
decrease anxiety and sleep disturbances.40 Our
prehabilitation program was very physically ori-
ented and incorporating mental strategies to
attenuate stress response may be of added value.


The present reanalysis suggests that, no matter
how walking capacity was improved, those who
improved over the preoperative waiting period had
a better postoperative recovery. Additionally, those
whose functional walking capacity deteriorated
were at risk for clinically important postoperative
complications. Colectomy accounts for a dispro-
portionate share of complications in general sur-
gery41 and complications may be related more to
patient factors than quality of care.42 Accordingly,
a prehabilitation program to improve or at least
maintain functional capacity preoperatively may
play a role in decreasing rates of complications
after colorectal surgery.


In conclusion, this study supports that prehabi-
litation in patients undergoing scheduled colorec-
tal surgery is feasible and meaningful changes in
functional capacity can be achieved during a
period of 3–8 weeks, which in turn have a positive
impact on postoperative recovery. Patients, espe-
cially those with poor physical capacity, should
consider a prehabilitation regimen to enhance
functional exercise capacity before preplanned,
elective surgery.
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Effect of Exercise and Nutrition Prehabilitation on Functional
Capacity in Esophagogastric Cancer Surgery
A Randomized Clinical Trial
Enrico M. Minnella, MD; Rashami Awasthi, MSc; Sarah-Eve Loiselle, PDt; Ramanakumar V. Agnihotram, PhD;
Lorenzo E. Ferri, MD, PhD; Francesco Carli, MD, MPhil


IMPORTANCE Preserving functional capacity is a key element in the care continuum for
patients with esophagogastric cancer. Prehabilitation, a preoperative conditioning
intervention aiming to optimize physical status, has not been tested in upper gastrointestinal
surgery to date.


OBJECTIVE To investigate whether prehabilitation is effective in improving functional status
in patients undergoing esophagogastric cancer resection.


DESIGN, SETTING, AND PARTICIPANTS A randomized clinical trial (available-case analysis based
on completed assessments) was conducted at McGill University Health Centre (Montreal,
Quebec, Canada) comparing prehabilitation with a control group. Intervention consisted of
preoperative exercise and nutrition optimization. Participants were adults awaiting elective
esophagogastric resection for cancer. The study dates were February 13, 2013, to February 10,
2017.


MAIN OUTCOMES AND MEASURES The primary outcome was change in functional capacity,
measured with absolute change in 6-minute walk distance (6MWD). Preoperative (end of the
prehabilitation period) and postoperative (from 4 to 8 weeks after surgery) data were
compared between groups.


RESULTS Sixty-eight patients were randomized, and 51 were included in the primary analysis.
The control group were a mean (SD) age, 68.0 (11.6) years and 20 (80%) men. Patients in the
prehabilitation group were a mean (SD) age, 67.3 (7.4) years and 18 (69%) men. Compared
with the control group, the prehabilitation group had improved functional capacity both
before surgery (mean [SD] 6MWD change, 36.9 [51.4] vs −22.8 [52.5] m; P < .001) and after
surgery (mean [SD] 6MWD change, 15.4 [65.6] vs −81.8 [87.0] m; P < .001).


CONCLUSIONS AND RELEVANCE Prehabilitation improves perioperative functional capacity in
esophagogastric surgery. Keeping patients from physical and nutritional status decline could
have a significant effect on the cancer care continuum.


TRIAL REGISTRATION ClinicalTrials.gov Identifier: NCT01666158


JAMA Surg. 2018;153(12):1081-1089. doi:10.1001/jamasurg.2018.1645
Published online September 5, 2018.


Invited Commentary
page 1089


Supplemental content


Author Affiliations: Department of
Anesthesia, McGill University Health
Centre, Montreal General Hospital,
Montreal, Quebec, Canada (Minnella,
Awasthi, Loiselle, Carli); Research
Institute, McGill University Health
Centre, Glen Site, Montreal, Quebec,
Canada (Agnihotram); Division of
Thoracic Surgery, McGill University
Health Centre, Montreal General
Hospital, Montreal, Quebec, Canada
(Ferri).


Corresponding Author: Francesco
Carli, MD, MPhil, Department of
Anesthesia, McGill University Health
Centre, Montreal General Hospital,
1650 Cedar Ave, Room E10-160,
Montreal, QC H3G 1A4, Canada
(franco.carli@mcgill.ca).


Research


JAMA Surgery | Original Investigation


(Reprinted) 1081


© 2018 American Medical Association. All rights reserved.


Downloaded From: https://jamanetwork.com/ by a Northwestern University User  on 08/26/2019



https://clinicaltrials.gov/ct2/show/NCT01666158

https://jama.jamanetwork.com/article.aspx?doi=10.1001/jamasurg.2018.1645&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamasurg.2018.1645

https://jama.jamanetwork.com/article.aspx?doi=10.1001/jamasurg.2018.1658&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamasurg.2018.1645

mailto:franco.carli@mcgill.ca





E sophageal and gastric cancers are lethal tumors, with
an estimated 43 300 new cases and 26 400 deaths in the
United States per year.1 Surgery, the cornerstone of cu-


rative intent treatment for localized or locally advanced esopha-
gogastric cancers, is associated with important adverse
events.2,3 Current best surgical practice involves the En-
hanced Recovery After Surgery (ERAS) program, which has
been shown to have a positive association in terms of length
of hospital stay, resource use, and complications.4,5


Despite these advances, esophagogastric surgery is still as-
sociated with short-term and long-term adverse effects, in-
cluding high rates of postoperative complications and mor-
tality, decreased muscle strength and cardiorespiratory fitness,
fatigue, depression, emotional distress, anxiety, and poor qual-
ity of life.6-9 As a result of surgical complications or impaired
nutritional, physical, and performance status, most patients
are not able to receive the complete sequence of neoadjuvant
or adjuvant therapy.10,11 Surgery alone is inadequate for lo-
coregional control in patients with locally advanced disease,12


and overall 5-year survival remains poor.13 Therefore, opti-
mizing perioperative functional capacity is a compelling aim
in these patients.


The process of enhancing physical fitness before an op-
eration to enable the patient to withstand the stress of sur-
gery has been termed prehabilitation.14 The main elements are
preoperative exercise and nutrition optimization. Increasing
evidence indicates that prehabilitation improves periopera-
tive physical function in major abdominal surgery.15-19 Nev-
ertheless, upper gastrointestinal surgery presents unique chal-
lenges in clinical management because of the high-risk
population and treatments, and there have been few trials in
this field.20,21 However, because physical and nutritional sta-
tus are key potentially modifiable factors in esophagogastric
cancer,22,23 prehabilitation is a notable intervention in
these patients.


Therefore, the objective of this randomized clinical trial
was to investigate the effectiveness of prehabilitation in pre-
venting physical decline in upper gastrointestinal surgery. We
hypothesized that prehabilitation could improve functional ca-
pacity throughout the perioperative period in adults under-
going esophagogastric cancer surgery.


Methods
Trial Design
This study was a parallel-group, randomized, single-blind,
pragmatic clinical trial conducted at McGill University Health
Centre (Montreal, Quebec, Canada). The trial protocol (Supple-
ment) was approved by the McGill University Health Centre Re-
search Ethics Board, and written informed consent was ob-
tained from each patient before randomization. Due to
administrative error and oversight on the part of the princi-
pal investigator (FC), the Research Ethics Board inadver-
tently terminated this project in September 2016 without our
notice following failure to request renewal. We had recruited
most patients by then, but 6 patients were recruited after that
time until February 2017. We have confirmation from the chair


of the Research Ethics Board that our study was conducted ac-
cording to ethical standards and we have received retroactive
renewed approval through September 2017. The study was
completed in July 2017.


Study Participants
Patients were assessed for eligibility at their first visit to a re-
gional upper gastrointestinal cancer referral center within the
Division of Thoracic Surgery at McGill University Health Cen-
tre. Patients were eligible for participation if they were 18 years
or older and were referred electively for management of non-
metastatic esophagogastric cancer. Exclusion criteria were the
following: comorbid medical, physical, and mental condi-
tions that contraindicate exercise or oral nutrition, acute or
unstable cardiac conditions (eg, unstable angina or sympto-
matic severe aortic stenosis), American Society of Anesthesi-
ologists physical status classes 4 and 5, disabling orthopedic
and neuromuscular disease, psychosis, dementia, cardiac fail-
ure (New York Heart Association functional classes III and IV),
severe chronic obstructive pulmonary disease (forced expira-
tory volume in the first second of expiration <50% pre-
dicted), end-stage kidney or liver disease, anemia (sympto-
matic or hematocrit <30%), inability to swallow, or the presence
of feeding gastrostomy or jejunostomy. Patients with poor
English or French comprehension were also excluded,
as were patients residing more than 50 km from Montreal
General Hospital.


Study Design
Eligible patients were assigned in a 1:1 ratio to either preha-
bilitation or a control group. Participants were randomized
using computer-generated blocks of 4, and group assign-
ments were placed in sequentially numbered opaque enve-
lopes. The main investigator (F.C.), assessor (R.A.), and stat-
istician (A.V.R.) were unaware of the group assignments.
Because of the nature of the intervention, it was not possible
to mask participants or health care professionals, such as ki-
nesiologists or nutritionists (S.-E.L. and other nonauthors).


Prehabilitation
Prehabilitation is a preoperative intervention aiming to en-
hance perioperative functional capacity to enable a patient to
withstand the upcoming surgical stress.14 The main elements
are exercise and nutrition. This multidisciplinary strategy has


Key Points
Question What is the effect of a structured preoperative exercise
and nutrition conditioning program (prehabilitation) on functional
capacity after esophagogastric surgery?


Findings In this randomized clinical trial (26 prehabilitation
participants vs 25 control participants), prehabilitation
significantly improved functional capacity before and after
surgery.


Meaning Prehabilitation may be considered for optimizing
physical fitness during esophagogastric cancer care.
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also been termed multimodal prehabilitation, unlike a uni-
modal approach that includes only exercise.24


Exercise Program
At baseline, all patients had an evaluation of their fitness level
and functional ability in terms of walking and endurance,
strength, joint mobility, and posture. A physician (E.M.M.) pre-
scribed an individualized, home-based exercise training pro-
gram 4 times per week according to guidelines provided by the
American College of Sports Medicine.25 Participants received
an individual session with a kinesiologist, who demon-
strated the complete training program and provided correc-
tive feedback as necessary.26 Aerobic exercise consisted of
30 minutes (including 5-minute warm-up and 5-minute
cooldown) of moderate continuous training 3 days per week.
Exercise modalities were brisk walk, jogging, or cycling de-
pending on personal physical level and attitude. Patients were
instructed by the kinesiologist to self-select the intensity to
reach 12 to 13 on rated perceived exertion (range, 6-20 on the
Borg Rating of Perceived Exertion Scale).27,28 Strengthening ac-
tivity, prescribed 1 day per week, consisted of 30 minutes (in-
cluding 5-minute flexibility and 5-minute stretching) of 3 sets
of 8 to 12 repetitions for 8 muscle groups using an elastic band
as resistance (TheraBand). Resistance level was selected by the
kinesiologist to reach a moderate-intensity effort, rated as
5 to 6 on a 10-point scale.29 Participants were provided with a
logbook to record all activities. The kinesiologist monitored
the adherence and addressed issues or doubts by weekly
telephone calls.


Nutrition Program
At the time of enrollment, participants completed a 3-day es-
timated food record of 2 weekdays and 1 weekend day. A
dietitian (S.-E.L.) assessed dietary habits and anthropometric
data to create a comprehensive status evaluation and to
estimate the required amount and relative proportion of
macronutrients.30 Metabolic requirement was adjusted to meet
the increased nutritional demand due to the stress associ-
ated with their upcoming surgery.31,32 Food-based dietary ad-
vice was given, and whey protein supplement (Immunocal; Im-
munotec Inc) was prescribed to guarantee a daily protein intake
of 1.2 to 1.5 g/kg of ideal body weight (or approximately 20%
of total energy requirements).33 These supplements, if needed,
were consumed every morning after breakfast or immedi-
ately after exercise during training days. Nutrition therapy was
given to all participants in the intervention group, even in the
absence of malnutrition.34 Participants were provided with a
logbook, and the nutritionist monitored the adherence and ad-
dressed issues or doubts by weekly telephone calls.


Usual Care
All participants received standardized perioperative care ac-
cording to the ERAS Society Guideline protocol,4,5 which is
based on a clinical program implemented at our institution
since 2008. The main elements include a minimally invasive
surgical approach when feasible, epidural analgesia, limited
use and duration of drains, minimized blood loss and peri-
operative fluid administration, avoidance of preoperative over-


night fasting, early oral nutrition, respiratory physiotherapy,
and early mobilization. The standard preoperative pathway
at our institution includes risk assessment, medication
management, perioperative blood management, and
smoking cessation.


At the time of initial visit to the upper gastrointestinal can-
cer referral center, all patients received nutritional counsel-
ing to plan adequate caloric provision and address specific nu-
tritional or dysphagic disorders. Neoadjuvant chemotherapy
with a docetaxel-based triplet was the preferred approach for
locally advanced adenocarcinoma (cT3 or N+) based on the re-
sults of a local institutional phase 2 trial.35 Patients with lo-
cally advanced squamous cell carcinoma tended to be of-
fered neoadjuvant chemoradiotherapy. A multidisciplinary
tumor board (L.E.F. and other nonauthors) defined personal-
ized oncologic treatment, establishing specific indication, tim-
ing, regimen, and strategy according to patient performance
status and tumor characteristics. Patients were referred for psy-
chosocial counseling, if needed.


The control group was treated according to conventional
care. They received no specific intervention before surgery.


Outcomes
Measurements were recorded at 3 times in all participants.
These included at baseline (beginning of the prehabilitation
period for the intervention group), immediately before sur-
gery (end of the prehabilitation period for the intervention
group), and after surgery (4-8 weeks after surgery).


The primary outcome was change in functional capacity
over time, measured as the difference in absolute change in
6-minute walk distance (6MWD) between baseline and the pre-
operative visit (primary analysis) and between baseline and the
postoperative visit. A significant change was defined as an im-
provement or a deterioration of 20 m from baseline.36 Partici-
pants, who were advised to wear comfortable shoes, were in-
structed to walk back and forth in a 20-m stretch of hallway
for 6 minutes at a pace that would make them tired by the end
of the walk. A masked assessor (R.A.) supervised all tests, fol-
lowing a standardized procedure to minimize potential sources
of error due to bias or different levels of encouragement.37 Walk
tests are commonly used in a wide variety of clinical settings
to provide a reliable and valid measure of exercise capacity and
functional ability to withstand household and community
activities.38-40 When used as an outcome measure, change in
walk test distance reflects change in aerobic capacity due to a
specific intervention.41 Moreover, walk tests are particularly
advantageous for patients who have low exercise tolerance be-
cause the intensity and the posture control are completely con-
trolled by the patient, and rest intervals can be taken, if needed.
Furthermore, these tests are inexpensive to administer be-
cause they require minimal equipment, facility space, exper-
tise, and time.


Secondary outcomes were postoperative morbidity at 30
days (according to the Clavien-Dindo classification42 and the
Comprehensive Complication Index43,44), length of hospital
stay, 30-day hospital visits, readmission rate, death, and full
adherence to the planned neoadjuvant chemotherapy. Com-
pliance was evaluated, integrating both exercise (number of
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weekly training sessions completed) and nutrition (adher-
ence to the prescribed protein supplementation).


Statistical Analysis
Because there were no data on the effect of prehabilitation for
upper gastrointestinal surgery, we used an estimation based
on previous trials in colorectal cancer.45,46 According to these
data, patients who were randomly assigned to the control group
were expected to decrease their 6MWD by a mean (SD) of 15
(66) m below baseline after surgery. In the intervention group,
patients were expected to increase a mean (SD) of 37 (68) m.
Therefore, to detect a difference of 53 m (with a pooled SD of
68.5) and an effect size of 0.77, the present trial would need
to enroll 56 participants (28 patients per group) to have 80%
power at a 2-sided significance level of .05. Because of differ-
ences between esophageal and colon surgery populations, a
conservative estimate to avoid underpowering would be an
effect size of 0.70, yielding a total sample size of up to 68
(34 per group).


Baseline characteristics were compared between groups
with the use of independent-samples t test or Mann-Whitney
test for continuous variables, and data are presented as the
mean (SD) or the median (interquartile range [IQR], 25-75) ac-
cording to the distribution. χ2 Test or Fisher exact test was used
for categorical variables, and data are presented as the num-
ber (percentage). Analyses of the primary outcome were per-
formed among all patients who had complete follow-up, de-
fined as the presence of a preoperative assessment. The trial
was an available-case analysis based on completed assess-
ments. For the primary outcome, we analyzed differences be-
tween groups at all follow-up times (baseline, preoperative, and


postoperative) using a mixed-model analysis of variance for
repeated measurement. Secondary outcomes were com-
pared using standard 2-sample t tests. All tests were 2 sided,
and the level of significance was P = .05, unlike for repeated-
measures analysis, in which a Bonferroni-corrected level of sig-
nificance was applied. We used a software program (SPSS, ver-
sion 23.0; IBM) for all statistical analyses.


Results
Patient Characteristics
Between February 13, 2013, and February 10, 2017, a total of
222 consecutive patients referred with esophagogastric can-
cer to the upper gastrointestinal cancer referral center at our
institution were assessed for eligibility. Sixty-eight patients
(31%) provided informed consent, and 51 patients (23%)
were included in the primary analysis (Figure 1).


Baseline characteristics and surgical variables were
broadly similar between the 2 groups (Table 1). Eleven par-
ticipants (22%) missed the postoperative assessment (3 in
the prehabilitation group and 8 in the control group): among
the 11 patients, 3 (2 prehabilitation and 1 control) had severe
complications (length of hospital stay >30 days), 2 (both
control) died (1 of intraoperative cardiac arrest and 1 of chyle
leak), and 6 (1 prehabilitation and 5 control) failed to attend
the postoperative assessment (because of weakness).


The median length of prehabilitation was 36 days (IQR,
17-73 days), and the median length of the preoperative
period in the control group was 51 days (IQR, 12-71 days)
(P = .88). Twenty participants (77%) had prehabilitation
during neoadjuvant chemotherapy, 11 of whom (55%)
started prehabilitation before medical treatment. Overall
compliance with prehabilitation was 63%, and no exercise-
related adverse events were reported.


Primary Outcome
A statistically significant difference in walking distance
change was observed between groups both at the preopera-
tive assessment (mean [SD], 36.9 [51.4] m in the prehabilita-
tion group vs −22.8 [52.5] m in the control group; P < .001)
and after surgery (mean [SD], 15.4 [65.6] m in the prehabili-
tation group vs −81.8 [87.0] m in the control group; P < .001)
(Figure 2). A significant difference was also observed in the
total 6MWD covered over time and in the proportion of
patients who experienced a significant change in functional
capacity (Table 2).


Secondary Outcomes
Two patients included in the primary analysis had their sur-
gery canceled and are represented as missing data for surgi-
cal outcomes. There were no statistically significant differ-
ences between groups in terms of number and severity of
complications, length of hospital stay, emergency depart-
ment visits, or readmission rates (Table 3). Two patients in each
group did not receive the full planned neoadjuvant chemo-
therapy (8% in the prehabilitation group vs 8% in the control
group, P > .99).


Figure 1. CONSORT Diagram of Enrollment and Follow-up


222 Assessed for eligibility


154 Excluded
109 Not meeting inclusion 


criteria
66 Insufficient time
31 Resection not 


indicated
7 ASA >3
5 Inability to exercise 


45 Declined to participate
12 Lives too far
33 Too weak to 


exercise


68 Randomized


34 Allocated to control
30 Received allocated intervention
4 Did not receive allocated


intervention (withdrew consent)


5 Lost to follow-up
3 Second assessment missed
2 Died


25 Included in primary analysis


34 Allocated to prehabilitation
32 Received allocated intervention
2 Did not receive allocated


intervention (withdrew consent)


6 Lost to follow-up
5 Second assessment missed
1 Died


26 Included in primary analysis


ASA indicates American Society of Anesthesiologists physical status class.
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Discussion


The main finding of this randomized clinical trial is that preha-
bilitationresultedinperioperativefunctional improvementofpa-


tientsundergoingesophagogastricsurgeryforcancer.Poorphysi-
cal fitness and malnutrition are prevailing adverse effects of
esophagogastric cancer and its treatment, with negative conse-
quences for quality of life and care adherence. Therefore, experts
have highlighted the urgent need for randomized clinical trials


Table 1. Characteristics of Patients


Variable Prehabilitation (n = 26) Control (n = 25)
Demographics and Anthropometrics


Age, mean (SD), y 67.3 (7.4) 68.0 (11.6)


Male, No. (%) 18 (69) 20 (80)


BMI, mean (SD) 26.1 (4.8) 25.7 (4.7)


Fat mass, mean (SD), kg 27.1 (10.0) 27.3 (10.4)


Comorbidity


ASA physical status class, No. (%)


II 13 (50) 12 (48)


III 13 (50) 13 (52)


Charlson Comorbidity Index, No. (%)


2 7 (27) 10 (40)


3-4 17 (65) 10 (40)


5-6 2 (8) 5 (20)


Current smoker, No. (%) 2 (8) 2 (8)


Medically treated type 2 diabetes, No. (%) 7 (27) 4 (16)


Serum laboratory values, mean (SD)


Albumin, g/dL 3.8 (0.5) 3.8 (0.4)


Hemoglobin, g/dL 11.3 (1.9) 12.3 (1.9)


Glycated hemoglobin, % 6.0 (0.6) 6.2 (0.9)


C-reactive protein, mg/L 5.7 (6.7) 10.0 (15.8)


Nutritional Characteristics, No. (%)


PG-SGA score


Not at nutrition risk, 0-8 17 (65) 14 (56)


At nutrition risk, ≥9 9 (35) 11 (44)


NRS 2002 score


1-2 22 (85) 21 (84)


3-4 4 (15) 4 (16)


Pathological Characteristics, No. (%)


Tumor site


Esophagus 20 (77) 21 (84)


Gastric 6 (23) 4 (16)


Tumor histology


Squamous cell carcinoma 7 (27) 7 (28)


Adenocarcinoma 19 (73) 18 (72)


AJCC pathologic tumor stagea


I 6 (25) 5 (20)


II 0 2 (8)


III 18 (75) 18 (72)


Treatment Characteristics


Neoadjuvant therapy, No. (%) 20 (77) 15 (60)


Surgical procedure, No. (%)a


Esophagectomy 18 (75) 21 (84)


Partial gastrectomy 4 (17) 2 (8)


Total gastrectomy 2 (8) 2 (8)


Minimally invasive approach, No. (%)a 10 (42) 11 (44)


Duration of surgery, median (IQR), mina 195
(170.0-225.5)


226
(179.0-315.0)


Abbreviations: AJCC, American Joint
Committee on Cancer; ASA, American
Society of Anesthesiologists physical
status class; BMI, body mass index
(calculated as weight in kilograms
divided by height in meters squared);
IQR, interquartile range; NRS 2002,
Nutrition Risk Screening 2002;
PG-SGA, Patient-Generated
Subjective Global Assessment.
SI conversion factors: To convert
albumin level and hemoglobin level
to grams per liter, multiply by 10.0;
glycated hemoglobin level to
proportion of total hemoglobin,
multiply by 0.01; and C-reactive
protein level to nanograms per liter,
multiply by 9.524.
a Missing data for 2 patients (both


prehabilitation) who did not have
surgery.
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of multidisciplinary interventions aiming to optimize cardiores-
piratory fitness in this field.47,48 Most studies have investigated
the safety and efficacy of exercise therapy after the completion
of cancer therapy.49 Once detrimental effects of a treatment have
been experienced, patients generally will need an intervention
to restore the pretreatment physical status or obtain a faster re-
covery. The concept of rehabilitation in oncologic surgery is ap-
pliedtothepostoperativeperiod.Unlikethistraditionalapproach,
thepurposeofprehabilitationistoprevent,ratherthancure,func-
tional consequences of cancer therapy by addressing modifiable
risk factors, such as fitness and nutrition. Aiming to increase the
quality of perioperative care by accelerating recovery, prehabili-
tation is mandated in the ERAS pathway and represents its clini-
cal and scientific development.26


To our knowledge, this is the first demonstration that a struc-
turedpreoperativeconditioninginterventionisfeasible,safe,and
efficacious for preventing functional impairment before and af-
tersurgicaltreatmentforuppergastrointestinalcancer.Sixty-two
percent (16 of 26) of the patients herein improved before surgery,


and the positive effect was maintained after surgery in more than
half of the population. Conversely, as shown in a previous study,6


patients assigned to a control group had a decline in cardiopul-
monary fitness that did not reverse and further deteriorated in
the recovery period after surgery. No exercise-related adverse
events were reported in the present randomized clinical trial, and
the adherence rate was comparable to that in a previous study.50


Compliance is an arduous outcome of behavioral interventions
in patients with cancer and is a unique challenge in esophagogas-
tric cancer care. Plausible explanations may be the low physical
fitness of this particular population, their comorbidities, and the
high rate of neoadjuvant therapy (77% [20 of 26] in the interven-
tion group), carrying significant functional impairment. Owing
to the pragmatic nature of our trial, there were no restrictions on
the duration of the program, and we used the entire period from
referraltosurgery.Becauseourrandomizedclinicaltrial isthefirst
study to date to our knowledge on prehabilitation in this popu-
lation, evidence of effectiveness was lacking; therefore, we de-
cided not to alter timing or modality of cancer treatment planned
by the multidisciplinary tumor board. Nonetheless, the median
length of prehabilitation was 36 days, a reasonable training pe-
riodcomparedwithothersurgicalsettings.51 Thepresenttrialwas
not powered to determine whether the difference in physical fit-
ness was associated with fewer complications, and the morbid-
ity rate and length of hospital stay were comparable to local and
international reports at other high-volume centers.52


Because cancer and its treatments frequently lead to disabil-
ity and financial burden,24 our findings may have several impli-
cations. Treatment-related fatigue is a common adverse effect,
affecting up to 90% of patients undergoing radiotherapy and up
to 80% of patients receiving chemotherapy.53,54 Surgical-related
decline in physical fitness is one of the most distressing symp-
toms reported by patients with cancer and directly affects their
ability to function in terms of activities of daily living and qual-
ity of life.55 Because survivorship is improving, there is a grow-
ing interest in strategies aimed to ameliorate the quality of life
in cancer survivors. Also problematic is physical status deterio-
ration,withanyimpairmentinapatient’sabilitytofunctionbeing


Figure 2. Trajectory of Change in Functional Capacity
in the Perioperative Period
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Table 2. Functional Outcomes


Variable
Prehabilitation
(n = 26)


Control
(n = 25) P Value


6MWD, Mean (SD), m


Baseline 452.1 (83.4) 449.2 (83.9) .43


Preoperative 489.0 (73.5) 426.4 (102.7) .02


Postoperativea 481.5 (81.5) 379.8 (106.0) <.001


6MWD Change From Baseline, Mean (SD), m


Preoperative 36.9 (51.4) −22.8 (52.5) <.001


Postoperativea 15.4 (65.6) −81.8 (87.0) <.001


Preoperative 6MWD Change, No. (%)


Deterioration 2 (8) 8 (32)


<.001Back to baseline 8 (31) 16 (64)


Improvement 16 (62) 1 (4)


Postoperative 6MWD Change, No. (%)a


Deterioration 4 (17) 14 (82)


<.001Back to baseline 7 (30) 2 (12)


Improvement 12 (52) 1 (6)


Abbreviation: 6MWD, 6-minute
walking distance.
a Missing data for 11 patients (3


prehabilitation and 8 control).
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a potential limitation to his or her ability to withstand cancer
care interventions. Evidence has shown that receiving the full
cancer treatment is strongly related to good physical and
nutritional status,10,11 and 60% to 70% of patients with esoph-
ageal cancer do not receive the planned treatment.56 Consider-
ing the importance of receiving the complete treatment relative
tosurvivorship,10 thereisacompellingneedtoincludefunctional
outcome as a core perioperative outcome. By attenuating func-
tional impairment, prehabilitation in cancer treatment pathways
could be of considerable value.


Limitations
This study has several limitations. As previously mentioned, the
variabilityofneoadjuvanttreatmentintermsofdurationandregi-
men may limit the consistency, generalizability, and applicabil-
ityofourfindings. Inaddition,theexclusionofpatientswhowere
not willing to start a physical intervention could represent a po-
tential selection bias. The small sample size is another limitation
(222patientswereassessedtorecruit68participants),whichpre-
cluded testing of secondary outcomes. The tightness of the in-


clusion criteria, the need for a reasonable time to intervene be-
fore surgery, and the individual commitment to exercise are pos-
sible explanations for this high rate of exclusions. Furthermore,
17% (4 of 23) of the study population experienced deterioration
after surgery. Therefore, further work is required to explore in
detail the optimal type, intensity, and timing of physical and nu-
tritional intervention. Other considerations include the introduc-
tion of a supervised training session, a consistent duration of the
intervention, better integration into the medical treatment, and
a larger sample size.


Conclusions
This randomized clinical trial demonstrated prehabilitation-
induced significant improvement in physical status among
patients undergoing surgery for malignant gastroesophageal
lesions. Further investigation is required to determine the op-
timal modality of the intervention and its effect on overall
oncologic outcomes.
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Invited Commentary


Moving Toward Every Patient Training for Surgery
Brian T. Fry, MS; Alexander Hallway, BA; Michael J. Englesbe, MD


Prehabilitation aims to enhance functional status before sur-
gery. Through multimodal approaches, including structured
exercise, nutritional counseling, and patient empowerment,
prehabilitation programs can improve the patient’s preopera-
tive functional status, reduce postoperative complications and
length of stay, and lower costs of care.1-5


In this issue of JAMA Surgery, Minnella and coauthors6 re-
port their findings from a randomized clinical trial analyzing
51 patients undergoing esophagogastric cancer resection. Pre-
habilitation was associated with improved preoperative and


postoperative functional ca-
pacity. One notable limita-
tion of their trial is that frail
and at-risk patients were ex-


cluded. While exclusion was done to facilitate rigor of the trial,
frail and at-risk patients are the patients for whom surgical care
carries the greatest risk and presumably who may benefit the
most. Furthermore, like most prehabilitation clinical trials, this
study was not powered to detect improvements in traditional
surgical outcomes, such as complication rates, length of stay,
or readmissions.


This group at McGill University Health Centre (Montreal,
Quebec, Canada) leads the scientific investigation of preha-
bilitation and has convinced many clinicians that prehabilita-
tion benefits patients. Their present trial demonstrates that a
prehabilitation program can mitigate the expected func-


tional decline from comprehensive esophagogastric cancer
care.6 Unfortunately, the rigorous science translates poorly into
the clinical realities of day-to-day care. In other words, pa-
tients are not randomized in standard practice, and physi-
cians may intuitively prescribe prehabilitation for those pa-
tients whom they believe stand to benefit the most. In addition,
it is often unrealistic to delay a patient’s medical care to un-
dergo a prehabilitation program, especially for patients with
time-sensitive, surgically amenable conditions. Diverse pa-
tients, diverse stakeholders, and diverse financing strategies
contribute to a complex milieu for care and impede the accep-
tance and implementation of prehabilitation. More prag-
matic, population-based studies of prehabilitation are essen-
tial to prove its effect and drive care transformation.


As the science behind prehabilitation moves forward, it is
also imperative to prove the business case for prehabilitation
to surgeons, payers, and hospitals. A strong business case will
jump-start widespread implementation and facilitate multi-
institutional collaboration to further advance the nuanced sci-
ence behind prehabilitation.


The evidence demonstrates that, at worst, prehabilita-
tion does no harm, and it can be a transformative clinical path-
way to facilitate a better life for some patients. Over the next
decade, more excellent research, such as this study by
Minnella and coauthors,6 will convince us that every patient
should train for surgery.
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A B S T R A C T


Background: Surgical management remains the cornerstone of treatment for many cancers, but is associated with
a high rate of postoperative complications, which are linked to poor preoperative functional capacity.
Prehabilitation may have beneficial effects on functional capacity and postoperative outcomes. We evaluated the
effects of prehabilitation combining endurance and resistance training (CT) on physical fitness, quality of life
(QoL) and postoperative outcomes in cancer patients undergoing tumour resection surgery.
Methods: We performed a literature search in PubMed, PEDro, EMBASE (via Scopus) and the Cochrane library
for clinical trials until September 2017. Randomised controlled trials investigating the effects of CT in adult
cancer patients undergoing surgery were included when at least one of the following outcomes was reported:
physical capacity, muscle strength, QoL, length of stay (LOS), postoperative complications and mortality.
Results: Ten studies (360 patients) were retrieved and included patients with lung, colorectal, bladder and oe-
sophageal cancer. No adverse effects of CT were reported. Compared with the control group, CT improved
physical capacity (3 of 5 studies), muscle strength (2 of 3 studies) and some domains of QoL (2 of 4 studies),
shortened LOS (1 of 6 studies) and reduced postoperative pulmonary complications (2 of 6 studies).
Conclusions: The benefits of CT in cancer population are demonstrated. CT may improve physical fitness and QoL
and decrease LOS and postoperative pulmonary complications. However, our conclusions are limited by the
heterogeneity of the preoperative CT programs, patient characteristics and measurement tools. Future research is
required to determine the optimal composition of CT.


1. Introduction


Surgical management remains the cornerstone of treatment for
many cancers [1]. Nevertheless, major surgery is associated with sub-
stantial postoperative complication rates, which lead to increased
functional recovery time and length of stay (LOS) and decreased quality
of life (QoL) [2–4]. Preoperative physical status is often reduced in
patients with cancer [5] and is predictive of postoperative complica-
tions and poor prognosis. Preoperative status is therefore an important
factor to consider when trying to improve postoperative outcomes in


these patients [5].
Over the last few years, several studies have evaluated the possi-


bility of improving preoperative physical function by using pre-
habilitation to overcome surgical stress and thus improve postoperative
recovery times [5,6]. Prehabilitation consists mainly of endurance and
resistance exercises. Endurance training is the most effective approach
for improving cardiorespiratory fitness [7]. Resistance training in-
creases muscle mass, which leads to a better aerobic response [8].
Previous systematic reviews on prehabilitation in cancer populations
have been published with diverse results [9–13]. Some reported that
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preoperative exercises may improve physical fitness but noted non-
significant effects on postoperative outcomes [9,10,12]. Others con-
cluded that prehabilitation is effective in reducing functional recovery
time, LOS and postoperative complications [11,13]. Consequently, the
beneficial effects of prehabilitation in these patients remain unclear.
The authors of one previous systematic review [10] concluded that
further randomised controlled trials (RCTs) incorporating combined
preoperative endurance and resistance training (CT) were needed. Since
that publication, the results of several RCTs that included preoperative
CT have been published.


In this review, we therefore systematically evaluated the effects on
physical fitness, QoL and postoperative outcomes of prehabilitation
combining endurance and resistance training in cancer patients un-
dergoing tumour resection surgery.


2. Methods


2.1. Literature search and selection


This review was recorded on the PROSPERO database (https://www.
crd.york.ac.uk/PROSPERO/; registration number CRD42017076316). A
systematic literature search, based upon the Preferred Reporting Items for
Systematic Reviews and Meta-Analyses (PRISMA) statement [14], was
performed using four databases: PubMed, PEDro, EMBASE (via Scopus)
and the Cochrane library for clinical trials. The data search was updated
in September 2017.


The search strategy used in PubMed was divided into three distinct
categories: (a) Participant: (cancer or tumour or neoplasms or malig-
nancy); (b) Intervention: (prehabilitation, pre-operative, presurgical,
surgery, pre-conditioning) AND (Training or physical exercise or fitness
or strength training or aerobic or concurrent strength and endurance
training or concurrent training or exercise therapy or physical training
or strength exercise or resistance training or resistance exercise or re-
habilitation or progressive resistive and resistance aerobic); and (c)
Study design: (randomised controlled trial or RCT). For other electronic
databases, we adapted the search using key terms combined with
Boolean operators. The lead author also performed manual tracking of
citations in the selected articles.


2.2. Inclusion and exclusion criteria


We included studies that recruited adult subjects diagnosed with
cancer and scheduled to undergo tumour resection. RCTs comparing the
effects of CT with no exercise or with another exercise modality were
included. CT was defined as the combination of an aerobic and a re-
sistance training component performed at least twice a week before
surgery. Studies that included, in addition to CT, breathing exercises,
pelvic muscle training, nutritional supplements, health education and
psychological intervention were included. Studies needed to report at
least one of the following parameters as an outcome: functional capa-
city, muscle strength, fatigue, QoL, anxiety, depression, LOS, post-
operative complications and mortality. We included studies published
in any language and without date restriction. Abstracts, reviews, pro-
spective and retrospective observational cohort studies, editorials, let-
ters and case reports were excluded. Studies including patients with
benign diseases and duplicated data reported in earlier publications
were also excluded.


2.3. Study selection


Eligible studies were identified independently by two reviewers (EP
and GR) and reviewed against selection criteria. After removing du-
plicates, studies were screened based on title and then on the abstracts.
Full-text articles were screened when the title and abstracts were un-
clear. Discrepancies in selecting studies were resolved by a third in-
dependent reviewer (GC).


2.4. Data extraction and analysis


Data were extracted by two reviewers (EP and GR). Characteristics
of studies (authors, year, country), patient data (sex, age, height,
weight, cancer type and cancer stage), characteristics of the pre-
operative intervention (setting, length, duration per session, frequency,
type, volume, progression) and outcome data (change in physical,
psychological and postoperative outcomes) were extracted.


2.5. Risk of bias


The methodological quality of the selected studies was assessed
using the Downs and Black checklist. This tool contains 27 questions
classified in five categories: reporting, external validity, bias, con-
founding factors and power, with a maximum score of 28. A score
of< 14 was considered poor quality, between 14 and 18 fair quality,
between 19 and 23 good quality and a score of ≥24 excellent quality.
The studies were scored by the lead author (EP). Any uncertainty was
discussed with a second assessor (GR) until consensus was reached.


3. Results


3.1. Selection of studies


The PRISMA flow chart displaying the study selection process is
shown in Fig. 1 [14]. A total of 1981 citations were retrieved using the
search strategy and five additional studies from hand-searching the
references. Ten articles were retained for the review [15–23], of which
three were from the same population but the outcomes were different
and they met the inclusion criteria [18–20]. Benzo and colleagues in-
cluded the results of two distinct RCTs in one publication [16]; these
were analysed as separate studies.


3.2. Quality of studies


Scores for the five categories of the Downs and Black checklist are
shown in Table 1. Four of the 10 included studies were considered to be
of fair quality [16,21,22]. The six other studies were of good quality
with total scores between 19 and 23 [15,17–20,23]. The following
items were reported in all studies: objectives, main results, patients lost
to follow-up, clear “data dredging”, appropriate statistical tests, parti-
cipants recruited from the same population and randomisation. Because
of study design, it was impossible to blind subjects to the intervention.


3.3. Settings


Studies were conducted in the USA [16], the Netherlands [17],
Canada [15], Denmark [18–20], Brazil [21], Spain [22] and Japan
[23]. All studies were single centre, except the two studies by Benzo
and colleagues that were each conducted in two centres [16].


3.4. Participants


The characteristics of the studies included in the systematic review
are shown in Table 2. Four studies (40%) included patients with lung
cancer, two (20%) included patients with colorectal cancer, three
(30%) patients with bladder cancer and one (10%) patients with oe-
sophageal cancer; there was a total of 360 participants, 177 in the
prehabilitation group and 183 in the control group. The mean ages of
the prehabilitation and control groups were 68.6 ± 2.5 years and
68.8 ± 2.3 years, respectively. Among the included patients, there
were more men than women (69% vs 31%). Body mass index was re-
ported in seven studies (70%) and ranged from 21.8 ± 2.7 to
29.4 ± 4.3 kg/m2 for the prehabilitation group and from 20.9 ± 2.5
to 28.5 ± 4.3 kg/m2 for the control group. Surgery was the first cancer
treatment for all the included patients, except in one study in which
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60% had received neoadjuvant therapy [23]. Eight studies (80%)
compared a prehabilitation intervention with usual care (no exercise
training) [15,16,18–20,22,23]. In the other two studies (20%), the
prehabilitation group was compared to a group that received home-
based exercise advice [17] and to a group that received breathing ex-
ercises for lung expansion [21].


3.5. Intervention


Prehabilitation in all included studies combined an aerobic and
resistance program (Table 3). The prehabilitation also included in-
spiratory muscle training in three studies (30%) [16,17,21]; breathing
exercises in one study (10%) [17]; respiratory muscle and thoracic cage
stretching, deep inspiration training and deep diaphragmatic breathing
in one study (10%) [23]; flexibility, stretching and balance exercises in
one study (10%) [21]; and nutritional and psychological interventions


in one study (10%) [15]. The prehabilitation program was supervised in
hospital in five studies (50%) [16,21–23], unsupervised and home-
based in four studies (40%) [15,18–20] and a combination of both in
one study (10%) [17]. No adverse events occurred in the five studies
(50%) that reported this parameter [16,17,22,23]. The length of the
prehabilitation program ranged from 7 days to 54 days. Training fre-
quency varied from twice a day to three per week.


Nine of the studies (90%) reported the type of endurance training.
Patients could walk, cycle, run, swim and do step exercises on fitness
machines inside or outside. The duration was between 10 and 30min
for each session. The intensity of the endurance training was specified
in only four studies (40%) and was measured using different methods
and reported differently [15,17,21,22]. Sebio and co-workers were the
only investigators to include intermittent endurance training [22].


Muscle strengthening in the resistance training session was different
between studies. Five studies (50%) targeted the major muscle groups
[15,18–20,22], one (10%) the lower limbs [17], one (10%) the upper
limbs with a proprioceptive neuromuscular facilitation method [21],
one (10%) the lower limbs and abdominal muscles with a weight [23]
and one (10%) the lower and upper limbs with elastic resistance bands
[16]. The exercise volume ranged from one to three sets and 8 to 15
repetitions. The desired optimal intensity was reported in four studies
(40%), calculated based on the one-repetition maximum in one study
[17] or the perceived rate of exhaustion according to the Borg Scale
(one study) [15], modified Borg Scale (one study) [16] and the OMNI-
Resistance Scale (one study) [22]. Adherence to the program, reported
in five studies (50%), varied between 66% and 97% (Table 4)
[15,17–20].


3.6. Effects of intervention on physical fitness


Physical capacity was assessed in 5 of the 10 studies included in the


Fig. 1. PRISMA Flow diagram.


Table 1
Downs and Black checklist for quality assessment.


First author,
year


Reporting External
validity


Bias Confounding Power Total


Benzo, 2011
(Part 1)


6 1 5 4 0 16


Benzo, 2011
(Part 2)


8 1 4 4 0 17


Dronkers, 2010 9 1 6 3 0 19
Gillis, 2014 8 1 6 3 1 19
Jensen 2014 8 3 6 4 0 21
Jensen 2015 8 3 6 4 1 22
Jensen 2016 8 3 6 5 1 23
Morano, 2013 6 1 5 4 0 16
Sebio, 2016 9 1 4 3 1 18
Yamana, 2015 8 3 4 4 1 20
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systematic review and all used a submaximal test (Table 4)
[15–17,21,22]. The most widely used method was the 6-min walk test
(6MWT) (3 of 5 studies). Among the five studies, three showed sig-
nificant improvement in physical capacity from baseline to post-inter-
vention in the prehabilitation group [15,21,22]. Compared to the
control group, two of five studies showed a significant difference after
prehabilitation and this difference was maintained in follow-up
[15,22]. Muscle strength was evaluated in three studies (30%). In two
of these studies, muscle strength was significantly improved in the
prehabilitation group after intervention compared to the control group
[19,22].


3.7. Effects of intervention on quality of life


Effects of CT on QoL were investigated in four (40%) of the studies
(Table 4) [15,17,18,22]; two used the EORTC QLQ-C30 questionnaire
and the other two the SF-36 questionnaire. In two of the four studies,
significant improvements in some domains of QoL were reported in the
prehabilitation group compared to the control group [18,22].


3.8. Effects of prehabilitation intervention on postoperative outcomes


Among the 10 studies, eight evaluated postoperative clinical out-
comes (Table 4) [15–17,20–23]. LOS was evaluated in 7 of the 8 studies
[15–17,20–22]. Of these, one study showed a significant decrease in
LOS in the prehabilitation group compared to the control group and
another study reported a trend towards a significant result [16,21].
Postoperative pulmonary complications were evaluated in 6 of 8 studies
and 2 of them reported a significantly lower incidence in the inter-
vention group compared to the control arm [21,23]. Compared to pa-
tients in the control group, those in the prehabilitation group in the
study by Morano and colleagues needed a chest tube for fewer days and
there were fewer cases of bronchopleural fistula, atelectasis and
bronchospasm [21]. Patients in the intervention group in the study by
Benzo and others (Part 2) required a chest tube for fewer days and the
incidence of prolonged chest tubes was lower than for patients in the
control group [16]. Global postoperative complications (including
pulmonary complications) were measured in two studies and there
were no significant differences between groups [15,20]. Mortality data
were recorded in only one study: there was no significant difference
between groups at 90 days postoperatively [20].


4. Discussion and conclusion


This systematic review investigated the effects of a combined pre-
operative prehabilitation program on physical fitness, QoL, post-
operative complications, LOS and mortality in patients diagnosed with
cancer who were undergoing surgical resection of the tumour. Ten
RCTs with fair to good methodological quality were included. A com-
bined prehabilitation intervention significantly improved physical ca-
pacity [15,21,22], muscular strength [19,22] and QoL [18,22], reduced
postoperative pulmonary complications [21,23] and shortened LOS
[21]. However, given the varied results of the included studies, it seems
premature to draw robust conclusions regarding the optimal composi-
tion of CT. These variable results may be explained by differences in the
types and stages of cancers and patient comorbidities, and by hetero-
geneity among the interventions and measurement tools.


4.1. Effects of prehabilitation


Physical capacity is an important preoperative factor to assess be-
fore major tumour resection because it has been strongly associated
with postoperative complications, prolonged LOS and mortality
[24,25]. Peak oxygen uptake and the anaerobic threshold are con-
sidered as the most widely accepted measures of cardiorespiratory fit-
ness [26]. Among the five included studies that evaluated thisTa
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parameter, all used reliable and valid submaximal measures [27–29]
and three of the five reported significant clinical improvement in car-
diorespiratory fitness after the intervention and in follow-up
[15,21,22]. Our findings are in line with previous systematic reviews in
patients with cancer [10,30]. Discrepancies in physical fitness results
may be explained by the small number of patients in some studies that
were thus underpowered to detect significant effects [16,17]. Another
possible explanation for the different results is that the measurement
tools used to assess physical capacity were heterogeneous among stu-
dies. The 6MWT was the most frequently used measurement method in
our review and in previous ones [10,30]. The distance walked is cor-
related with peak oxygen consumption and can predict complications
[31]. Therefore, the 6MWT should be used when measurement of peak
oxygen uptake cannot be performed.


In addition to the benefits of improving cardiorespiratory capacity,
it is known that increased muscle mass leads to a better response to
aerobic conditioning [8]. Moreover, this improvement decreases the
risk of falls [32], enhances the capacity to perform activities of daily
living and promotes functional independence [33]. Despite this im-
portant role, this outcome was evaluated in only three studies included
in our systematic review [17,19,22]. Of these three studies, two re-
ported that muscle power improved significantly in the lower limbs in
the prehabilitation group compared to the control group [19,22]. The
non-significant results in the study by Dronkers and colleagues may be
explained by the fact that the control group received home-based ex-
ercise advice and had a higher activity level at baseline than the pre-
habilitation group, as measured by the LASA Physical Activity Ques-
tionnaire scores and the daily number of steps [17]. It is likely that the
advice to perform exercise helped maintain or improve preoperative
exercise capacity and may explain the non-significant results.


Interestingly two studies reported physical capacity and muscle
strength in their outcomes [17,22]. Although one of the studies re-
ported no difference between the prehabilitation group and the control
group in these parameters, the other noted a significant improvement in
exercise capacity and muscle strength compared with the control group
three months after surgery. This result can be explained in part by
better oxidative capacity of the muscle as a result of the increase in the
strength of the major muscles [8].


After diagnosis and during treatment (e.g., surgery, chemotherapy),
cancer patients may experience several adverse effects that have a ne-
gative effect on QoL [34]. It has been shown that exercise interventions
during and after cancer treatment positively influence QoL [35,36] but
evidence in the preoperative period is not clear. Half of the studies that
assessed QoL in this systematic review showed an improvement in some
domains of the EORTC QLQ-C30, the bladder cancer disease-specific
items (EORTC QLQ-BLS24 and QLQ-BLM30) and in the SF-36 physical
component, but not in mental health [18,22]. These results are in
agreement with a previous meta-analysis [13]. This benefit on some
domains of QoL may in part be explained by an improvement in muscle
strength in the prehabilitation group. It is known that this improvement
is associated with better functional independence and this has a positive
effect on QoL [37,38].


Concerning postoperative outcomes, one study showed a significant
decrease in LOS and another study reported a trend towards a sig-
nificant result [16,21]. Both studies were conducted in patients with
lung cancer. On the other hand, Sebio and colleagues, also in patients
with lung cancer, showed a decrease in LOS and postoperative com-
plications but the difference was not significant between groups. The
authors reported that these results could be explained by the experience
of the thoracic surgery team and the low-risk profile of the included
patients [22]. Other studies, in patients with colorectal and bladder
cancer, reported no differences in LOS or complication rates between
groups [15,20]. One explanation for these contradictory results is that
resection in these studies was performed using the enhanced recovery
after surgery pathway in elective colorectal resection [15] and radical
cystectomy [20]. This pathway has significantly reduced LOS and


complication rates, which may have led to the non-significant results
for these two parameters [39,40]. Our results are consistent with a
previous systematic review, which focused inclusion criteria on lung
malignancy and showed that a preoperative exercise program could
significantly shorten LOS (ranging from 5.4 to 21.0 days and from 9.66
to 29.0 days for the intervention and the control groups, respectively)
[11]. Another systematic review that included colorectal cancer pa-
tients reported no significant effects on LOS (from 4 to 16.2 days for the
intervention group and from 5 to 21.6 days for the control group) or
postoperative complications [9].


4.2. Prehabilitation intervention


We tried to compare studies with homogeneous exercise programs
by including only studies that combined aerobic and resistance training.
However, studies remained heterogeneous in the precise composition of
the programs (modality, intensity, frequency and duration).
Implementing a preoperative exercise program in patients with cancer
is challenging in clinical practice because of the limited period between
diagnosis and surgery. Stage of disease, motivation and willingness
should also be considered to define the optimal duration of pre-
habilitation [5]. Debes et al. reported that a length of six to eight weeks
seemed to be a good compromise between feasibility and effectiveness
[41]. Unfortunately, for patients with cancer, the time available for
prehabilitation is often less than six weeks if surgery is the first treat-
ment step. For example, the median time from colorectal cancer diag-
nosis to surgery is 30 days in the UK (interquartile range: 18 to 42)
[42]. Recently, a study examined whether time between diagnosis and
surgery was related to overall survival in patients with colorectal ade-
nocarcinoma. The authors observed no differences in long-term survival
in patients operated on within 4, 8 and 12-weeks [43]. These results
should reassure patients that prehabilitation can be performed safely
and encourage healthcare providers to promote this program. The
length of the prehabilitation intervention in the included studies ranged
from 7 days [16,23] to 54 days [22]. Yamana and co-workers showed
that one week of CT seemed to be effective at reducing postoperative
pulmonary complications [23], unlike the study by Benzo et al. (Part 2)
[16]. This difference can be explained by the fact that Yamana and
colleagues had a sufficient sample size to detect effects of the inter-
vention and used valid tools to evaluate postoperative pulmonary
complications. Nevertheless, despite the good methodological quality of
the study, it is difficult to interpret the results due to the poor de-
scription of the CT. The study by Benzo and colleagues (Part 1) was
stopped prematurely because patients or healthcare practitioners were
not willing to allow weeks to pass before lung cancer resection [16].
However, Morano and others managed to perform 4 weeks of pre-
habilitation before lung resection surgery [21] and another study
confirmed that result [44].


For endurance training, various types of intervention were used,
including walking, biking, swimming, running or step exercises. All
modalities were shown to be feasible and accessible to all. The type of
modality selected should consider various parameters including age,
preference, musculoskeletal disease and equipment available for the
patient. For example, a bike may be preferred in patients with muscu-
loskeletal disease whereas walking remains accessible to all, even the
elderly [45]. The intensity at which endurance training is performed is
a key parameter to be considered. Some programs were performed at
moderate intensity whereas others were completed at high intensity
[15,17,22]. In the literature, high intensity training seems to be more
effective and time-efficient than moderate-intensity training in cancer
survivors [46,47]. As poor preoperative cardiovascular fitness is a
strong predictor of increased postoperative complications, prolonged
hospital stay and mortality [24,25], this modality of exercise, which has
been associated with greater improvement in cardiovascular fitness
would seem to be more useful for clinical practice implementation. It
may be interesting to compare the effectiveness of high intensity
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training to moderate intensity in prehabilitation.
Muscle strengthening, using resistance training, sustains the bene-


ficial effects of aerobic training. Indeed, improvement in muscle
strength, neuromuscular activity and muscle mass optimise the oxida-
tive capacity of the muscle and resistance training may therefore be a
complementary component for enhancing physical capacity [48]. Al-
though resistance training was included in all studies, the composition
was different between studies, contributing to the variation in the
training response. Most of the studies strengthened major muscle
groups in the range of one to three sets and from 8 to 15 repetitions
with varied duration and intensity. It has been previously reported that
exercises that stress the largest amount of muscle mass achieve the
greatest rate of oxygen uptake and increase metabolic demand [49].
This approach is in accordance with the guidelines of the American
College of Sports Medicine and the American Cancer Society that re-
commend at least one set of 8–12 repetitions for all major muscle
groups [50,51]. Therefore, there is a need to standardise preoperative
endurance and resistance programs with the best effective combination
(type, duration, intensity and frequency) and adherence.


Exercise adherence was reported in five studies. In these, adherence
was better when the exercise program used a combination of hospital-
and home-based settings (97%) than either setting alone [17]. A recent
systematic review observed the greatest adherence for hospital-based
programs (97–100%) [30], whereas another review reported a similar
level of adherence for hospital-based and home-based programs, ran-
ging from 72% to 97% and 74%–97%, respectively [26]. In our sys-
tematic review, no adverse events were reported for either setting. The
setting in which the exercise program is performed should, therefore, be
personally adapted to the patient. Some patients with cancer have as-
sociated comorbidities that require supervised exercise sessions [52].
Others have barriers to performing outpatient hospital-based sessions,
such as travel distance, time constraints or financial considerations. For
these patients, home-based training would seem to be a better option.
To meet the needs of today's society, use of technologies to deliver
exercise program must be developed [53]. Evidence is growing that
exercise programs delivered by telerehabilitation systems may facilitate
access to therapy [54]. Moreover, telerehabilitation enables patients to
interact with healthcare practitioners by videoconference, phone call or
mail. This feedback has been shown to be positive for the patient and to
improve adherence. The effectiveness of prehabilitation is dependent
on the effectiveness of the exercise training but also on the adherence of
the patient to this program. Therefore, studies investigating the effec-
tiveness and adherence of telerehabilitation during preoperative
training are needed.


4.3. Limitations and future directions


This review has some limitations that need to be highlighted.
Firstly, the review included studies with patients with different cancer
diagnoses. We decided to extend the review to all cancer types that
required major resection surgery because there were not many high
quality studies combining endurance and resistance preoperative
training. The studies included had patients with lung [16,21,22], col-
orectal [15,17], bladder [18–20] and oesophageal [23] cancer, which
represent 29% of total cancers [55]. It would be interesting in the future
to perform studies in patients with other cancer types (e.g., brain tu-
mour) awaiting major surgery, to evaluate the role of a combined
prehabilitation intervention on physical fitness, QoL and postoperative
outcomes in these patients. Secondly, the sample size was not estimated
in 40% of included studies and, therefore, these may have been un-
derpowered to detect significant effects. Thirdly, while we attempted to
include studies with homogeneous interventions, the endurance and
resistance training were different in modality, intensity, frequency and
duration among studies. Moreover, studies did not correctly report in-
formation regarding the exercise interventions. Hence, the external
validity of our results is limited. To improve this situation, researchers


should provide complete details of the exercise intervention using the
modified Consensus on Exercise Reporting Template [56]. It seems
important to determine the training variables that can achieve the
greatest benefit in this context. Future studies are needed to determine
the most effective combination of exercises and to compare different
training programs (e.g., aerobic training vs combined training) and
different settings (e.g., hospital-based vs home-based vs telerehabilita-
tion) in order to identify differences in training response. In addition, it
may be interesting to compare the effectiveness of high intensity
training to moderate intensity training in the context of prehabilitation.
Finally, measurement tools used to evaluate outcomes were hetero-
geneous between studies. There is a need to standardise the measure-
ment parameters used to evaluate the effects of prehabilitation on order
to homogenise the results and to facilitate comparison among studies.


In conclusion, the results of this systematic review demonstrate the
benefits of a preoperative combined prehabilitation program in patients
with cancer undergoing tumour resection surgery. CT may improve
cardiorespiratory fitness, muscular strength and QoL and decrease
hospital LOS and postoperative pulmonary complications. However,
our conclusions are limited because of the large heterogeneity of the
preoperative program composition, patient characteristics and mea-
surement tools. Because of the paucity of studies that have included
combined prehabilitation, further and larger RCTs are needed to de-
termine the most effective combined prehabilitation in all types of
cancer. It would also be interesting to compare CT to different training
programs, in different settings and with different program combina-
tions. These results may motivate patients to perform prehabilitation
and healthcare providers to include such programs in clinical practice
in order to improve care pathways.


Conflicts of interest


All authors declare no conflict of interest.


Funding


E.P. is funded by a grant from the Fonds National de la Recherche
Scientifique (FRIA - FNRS). G.R. received a grant from the Institut de
Recherche Expérimentale et Clinique (Université catholique de Louvain
– Brussels – Belgium).


Authors’ contributions


Conception, design, literature search, data extraction, bias analysis,
interpretation of data and drafting of article: E.P.


Conception, design, literature search, data extraction, interpretation
of data and revision of manuscript: G.R.


Conception, design and revision of manuscript: G.R.


Appendix A. Supplementary data


Supplementary data related to this article can be found at https://
doi.org/10.1016/j.suronc.2018.07.007.


References


[1] J.T. Sherwood, M.V. Brock, Lung cancer: new surgical approaches, Respirology 12
(3) (2007) 326–332.


[2] R.M. Pearse, R.P. Moreno, P. Bauer, P. Pelosi, P. Metnitz, C. Spies, B. Vallet,
J.L. Vincent, A. Hoeft, A. Rhodes, Mortality after surgery in Europe: a 7 day cohort
study, Lancet 380 (9847) (2012) 1059–1065.


[3] R.M. Pearse, Global patient outcomes after elective surgery: prospective cohort
study in 27 low-, middle- and high-income countries, Br. J. Anaesth. 117 (5) (2016)
601–609.


[4] K. Fagard, S. Leonard, M. Deschodt, E. Devriendt, A. Wolthuis, H. Prenen,
J. Flamaing, K. Milisen, H. Wildiers, C. Kenis, The impact of frailty on postoperative
outcomes in individuals aged 65 and over undergoing elective surgery for colorectal
cancer: a systematic review, Journal of geriatric oncology 7 (6) (2016) 479–491.


[5] F. Carli, G.S. Zavorsky, Optimizing functional exercise capacity in the elderly


E. Piraux et al. Surgical Oncology 27 (2018) 584–594


593



https://doi.org/10.1016/j.suronc.2018.07.007

https://doi.org/10.1016/j.suronc.2018.07.007

http://refhub.elsevier.com/S0960-7404(18)30173-7/sref1

http://refhub.elsevier.com/S0960-7404(18)30173-7/sref1

http://refhub.elsevier.com/S0960-7404(18)30173-7/sref2

http://refhub.elsevier.com/S0960-7404(18)30173-7/sref2

http://refhub.elsevier.com/S0960-7404(18)30173-7/sref2

http://refhub.elsevier.com/S0960-7404(18)30173-7/sref3

http://refhub.elsevier.com/S0960-7404(18)30173-7/sref3

http://refhub.elsevier.com/S0960-7404(18)30173-7/sref3

http://refhub.elsevier.com/S0960-7404(18)30173-7/sref4

http://refhub.elsevier.com/S0960-7404(18)30173-7/sref4

http://refhub.elsevier.com/S0960-7404(18)30173-7/sref4

http://refhub.elsevier.com/S0960-7404(18)30173-7/sref4

http://refhub.elsevier.com/S0960-7404(18)30173-7/sref5





surgical population, Curr. Opin. Clin. Nutr. Metab. Care 8 (1) (2005) 23–32.
[6] K. Valkenet, I.G. van de Port, J.J. Dronkers, W.R. de Vries, E. Lindeman, F.J. Backx,


The effects of preoperative exercise therapy on postoperative outcome: a systematic
review, Clin. Rehabil. 25 (2) (2011) 99–111.


[7] L.W. Jones, Physical activity and lung cancer survivorship, Recent results in cancer
research. Fortschritte der Krebsforschung, Progres dans les recherches sur le cancer
186 (2011) 255–274.


[8] W.R. Frontera, C.N. Meredith, K.P. O'Reilly, W.J. Evans, Strength training and de-
terminants of VO2max in older men, Journal of applied physiology, Bethesda,
Md.:1985) 68 (1) (1990) 329–333.


[9] C. Boereboom, B. Doleman, J.N. Lund, J.P. Williams, Systematic review of pre-
operative exercise in colorectal cancer patients, Tech. Coloproctol. 20 (2) (2016)
81–89.


[10] F. Singh, R.U. Newton, D.A. Galvao, N. Spry, M.K. Baker, A systematic review of
pre-surgical exercise intervention studies with cancer patients, Surgical oncology 22
(2) (2013) 92–104.


[11] R. Sebio Garcia, M.I. Yanez Brage, E. Gimenez Moolhuyzen, C.L. Granger,
L. Denehy, Functional and postoperative outcomes after preoperative exercise
training in patients with lung cancer: a systematic review and meta-analysis,
Interact. Cardiovasc. Thorac. Surg. 23 (3) (2016) 486–497.


[12] E.R. Bruns, B. van den Heuvel, C.J. Buskens, P. van Duijvendijk, S. Festen,
E.B. Wassenaar, E.S. van der Zaag, W.A. Bemelman, B.C. van Munster, The effects of
physical prehabilitation in elderly patients undergoing colorectal surgery: a sys-
tematic review, Colorectal Dis.:the official journal of the Association of
Coloproctology of Great Britain and Ireland 18 (8) (2016) O267–O277.


[13] H.J. Ni, B. Pudasaini, X.T. Yuan, H.F. Li, L. Shi, P. Yuan, Exercise training for pa-
tients pre- and postsurgically treated for non-small cell lung cancer: a systematic
review and meta-analysis, Integr. Canc. Ther. 16 (1) (2017) 63–73.


[14] D. Moher, A. Liberati, J. Tetzlaff, D.G. Altman, Preferred reporting items for sys-
tematic reviews and meta-analyses: the PRISMA statement, J. Clin. Epidemiol. 62
(10) (2009) 1006–1012.


[15] C. Gillis, C. Li, L. Lee, R. Awasthi, B. Augustin, A. Gamsa, A.S. Liberman, B. Stein,
P. Charlebois, L.S. Feldman, F. Carli, Prehabilitation versus rehabilitation: a ran-
domized control trial in patients undergoing colorectal resection for cancer,
Anesthesiology 121 (5) (2014) 937–947.


[16] R. Benzo, D. Wigle, P. Novotny, M. Wetzstein, F. Nichols, R.K. Shen, S. Cassivi,
C. Deschamps, Preoperative pulmonary rehabilitation before lung cancer resection:
results from two randomized studies, Lung Canc. 74 (3) (2011) 441–445.


[17] J.J. Dronkers, H. Lamberts, I.M. Reutelingsperger, R.H. Naber, C.M. Dronkers-
Landman, A. Veldman, N.L. van Meeteren, Preoperative therapeutic programme for
elderly patients scheduled for elective abdominal oncological surgery: a rando-
mized controlled pilot study, Clin. Rehabil. 24 (7) (2010) 614–622.


[18] B.T. Jensen, J.B. Jensen, S. Laustsen, A.K. Petersen, I. Sondergaard, M. Borre,
Multidisciplinary rehabilitation can impact on health-related quality of life outcome
in radical cystectomy: secondary reported outcome of a randomized controlled trial,
J. Multidiscip. Healthc. 7 (2014) 301–311.


[19] B.T. Jensen, S. Laustsen, J.B. Jensen, M. Borre, A.K. Petersen, Exercise-based pre-
habilitation is feasible and effective in radical cystectomy pathways—secondary
results from a randomized controlled trial, Support. Care Canc. 24 (8) (2016)
3325–3331.


[20] B.T. Jensen, A.K. Petersen, J.B. Jensen, S. Laustsen, M. Borre, Efficacy of a multi-
professional rehabilitation programme in radical cystectomy pathways: a pro-
spective randomized controlled trial, Scandinavian journal of urology 49 (2) (2015)
133–141.


[21] M.T. Morano, A.S. Araujo, F.B. Nascimento, G.F. da Silva, R. Mesquita, J.S. Pinto,
M.O. de Moraes Filho, E.D. Pereira, Preoperative pulmonary rehabilitation versus
chest physical therapy in patients undergoing lung cancer resection: a pilot ran-
domized controlled trial, Arch. Phys. Med. Rehabil. 94 (1) (2013) 53–58.


[22] R. Sebio Garcia, M.I. Yanez-Brage, E. Gimenez Moolhuyzen, M. Salorio Riobo,
A. Lista Paz, J.M. Borro Mate, Preoperative exercise training prevents functional
decline after lung resection surgery: a randomized, single-blind controlled trial,
Clin. Rehabil. 31 (8) (2017) 1057–1067.


[23] I. Yamana, S. Takeno, T. Hashimoto, K. Maki, R. Shibata, H. Shiwaku, H. Shimaoka,
E. Shiota, Y. Yamashita, Randomized controlled study to evaluate the efficacy of a
preoperative respiratory rehabilitation program to prevent postoperative pul-
monary complications after esophagectomy, Dig. Surg. 32 (5) (2015) 331–337.


[24] C.P. Snowden, J.M. Prentis, H.L. Anderson, D.R. Roberts, D. Randles, M. Renton,
D.M. Manas, Submaximal cardiopulmonary exercise testing predicts complications
and hospital length of stay in patients undergoing major elective surgery, Ann. Surg.
251 (3) (2010) 535–541.


[25] D. Schmid, M.F. Leitzmann, Cardiorespiratory fitness as predictor of cancer mor-
tality: a systematic review and meta-analysis, Ann. Oncol.:official journal of the
European Society for Medical Oncology 26 (2) (2015) 272–278.


[26] A.F. O'Doherty, M. West, S. Jack, M.P. Grocott, Preoperative aerobic exercise
training in elective intra-cavity surgery: a systematic review, Br. J. Anaesth. 110 (5)
(2013) 679–689.


[27] A. van 't Hul, R. Gosselink, G. Kwakkel, Constant-load cycle endurance perfor-
mance: test-retest reliability and validity in patients with COPD, J. Cardpulm.
Rehabil. 23 (2) (2003) 143–150.


[28] C.J. Gore, M.L. Booth, A. Bauman, N. Owen, Utility of pwc75% as an estimate of
aerobic power in epidemiological and population-based studies, Med. Sci. Sports
Exerc. 31 (2) (1999) 348–351.


[29] ATS statement, Guidelines for the six-minute walk test, Am. J. Respir. Crit. Care
Med. 166 (1) (2002) 111–117.


[30] Y. Hijazi, U. Gondal, O. Aziz, A systematic review of prehabilitation programs in
abdominal cancer surgery, Int. J. Surg. 39 (2017) 156–162.


[31] L. Lee, K. Schwartzman, F. Carli, G.S. Zavorsky, C. Li, P. Charlebois, B. Stein,
A.S. Liberman, G.M. Fried, L.S. Feldman, The association of the distance walked in 6


min with pre-operative peak oxygen consumption and complications 1 month after
colorectal resection, Anaesthesia 68 (8) (2013) 811–816.


[32] T. Liu-Ambrose, K.M. Khan, J.J. Eng, P.A. Janssen, S.R. Lord, H.A. McKay,
Resistance and agility training reduce fall risk in women aged 75 to 85 with low
bone mass: a 6-month randomized, controlled trial, J. Am. Geriatr. Soc. 52 (5)
(2004) 657–665.


[33] T.A. Miszko, M.E. Cress, J.M. Slade, C.J. Covey, S.K. Agrawal, C.E. Doerr, Effect of
strength and power training on physical function in community-dwelling older
adults, the journals of gerontology, Series A, Biological sciences and medical sci-
ences 58 (2) (2003) 171–175.


[34] A. Charalambous, C. Kouta, Cancer related fatigue and quality of life in patients
with advanced prostate cancer undergoing chemotherapy, BioMed Res. Int. 2016
(2016) 3989286.


[35] S.I. Mishra, R.W. Scherer, P.M. Geigle, D.R. Berlanstein, O. Topaloglu, C.C. Gotay,
C. Snyder, Exercise interventions on health-related quality of life for cancer survi-
vors, Cochrane Database Syst. Rev. 8 (2012) Cd007566.


[36] S.I. Mishra, R.W. Scherer, C. Snyder, P.M. Geigle, D.R. Berlanstein, O. Topaloglu,
Exercise interventions on health-related quality of life for people with cancer during
active treatment, Cochrane Database Syst. Rev. 8 (2012) Cd008465.


[37] K.M. Winters-Stone, J. Dobek, J.A. Bennett, L.M. Nail, M.C. Leo, A. Schwartz, The
effect of resistance training on muscle strength and physical function in older,
postmenopausal breast cancer survivors: a randomized controlled trial, Journal of
cancer survivorship:research and practice 6 (2) (2012) 189–199.


[38] T. Ohira, K.H. Schmitz, R.L. Ahmed, D. Yee, Effects of weight training on quality of
life in recent breast cancer survivors: the Weight Training for Breast Cancer
Survivors (WTBS) study, Cancer 106 (9) (2006) 2076–2083.


[39] K.K. Varadhan, K.R. Neal, C.H. Dejong, K.C. Fearon, O. Ljungqvist, D.N. Lobo, The
enhanced recovery after surgery (ERAS) pathway for patients undergoing major
elective open colorectal surgery: a meta-analysis of randomized controlled trials,
Clin. Nutr. 29 (4) (2010) 434–440.


[40] M.D. Tyson, S.S. Chang, Enhanced recovery pathways versus standard care after
cystectomy: a meta-analysis of the effect on perioperative outcomes, Eur. Urol. 70
(6) (2016) 995–1003.


[41] C. Debes, M. Aissou, M. Beaussier, [Prehabilitation. Preparing patients for surgery
to improve functional recovery and reduce postoperative morbidity], Ann. Fr.
Anesth. Reanim. 33 (1) (2014) 33–40.


[42] M.T. Redaniel, R.M. Martin, J.M. Blazeby, J. Wade, M. Jeffreys, The association of
time between diagnosis and major resection with poorer colorectal cancer survival:
a retrospective cohort study, BMC Canc. 14 (2014) 642.


[43] N.J. Curtis, M.A. West, E. Salib, J. Ockrim, A.S. Allison, R. Dalton, N.K. Francis,
Time from colorectal cancer diagnosis to laparoscopic curative surgery-is there a
safe window for prehabilitation? Int. J. Colorectal Dis. 33 (7) (2018) 979–983.


[44] V. Coats, F. Maltais, S. Simard, E. Frechette, L. Tremblay, F. Ribeiro, D. Saey,
Feasibility and effectiveness of a home-based exercise training program before lung
resection surgery, Can. Respir. J. J. Can. Thorac. Soc. 20 (2) (2013) e10–e16.


[45] B. Le Roy, M. Selvy, K. Slim, The concept of prehabilitation: what the surgeon needs
to know? Journal of visceral surgery 153 (2) (2016) 109–112.


[46] M. Weston, K.L. Weston, J.M. Prentis, C.P. Snowden, High-intensity interval
training (HIT) for effective and time-efficient pre-surgical exercise interventions,
Perioperat. Med. 5 (2016) 2.


[47] J.L. Devin, A.T. Sax, G.I. Hughes, D.G. Jenkins, J.F. Aitken, S.K. Chambers,
J.C. Dunn, K.A. Bolam, T.L. Skinner, The influence of high-intensity compared with
moderate-intensity exercise training on cardiorespiratory fitness and body compo-
sition in colorectal cancer survivors: a randomised controlled trial, Journal of
cancer survivorship:research and practice 10 (3) (2016) 467–479.


[48] S. Marzolini, P.I. Oh, D. Brooks, Effect of combined aerobic and resistance training
versus aerobic training alone in individuals with coronary artery disease: a meta-
analysis, European journal of preventive cardiology 19 (1) (2012) 81–94.


[49] D.L. Ballor, M.D. Becque, V.L. Katch, Metabolic responses during hydraulic re-
sistance exercise, Med. Sci. Sports Exerc. 19 (4) (1987) 363–367.


[50] K.H. Schmitz, K.S. Courneya, C. Matthews, W. Demark-Wahnefried, D.A. Galvao,
B.M. Pinto, M.L. Irwin, K.Y. Wolin, R.J. Segal, A. Lucia, C.M. Schneider, V.E. von
Gruenigen, A.L. Schwartz, American College of Sports Medicine roundtable on ex-
ercise guidelines for cancer survivors, Med. Sci. Sports Exerc. 42 (7) (2010)
1409–1426.


[51] L.H. Kushi, C. Doyle, M. McCullough, C.L. Rock, W. Demark-Wahnefried,
E.V. Bandera, S. Gapstur, A.V. Patel, K. Andrews, T. Gansler, American Cancer
Society Guidelines on nutrition and physical activity for cancer prevention: redu-
cing the risk of cancer with healthy food choices and physical activity, CA A Cancer
J. Clin. 62 (1) (2012) 30–67.


[52] J.S. Temel, J.A. Greer, S. Goldberg, P.D. Vogel, M. Sullivan, W.F. Pirl, T.J. Lynch,
D.C. Christiani, M.R. Smith, A structured exercise program for patients with ad-
vanced non-small cell lung cancer, J. Thorac. Oncol.:official publication of the
International Association for the Study of Lung Cancer 4 (5) (2009) 595–601.


[53] J.M. Pastora-Bernal, R. Martin-Valero, F.J. Baron-Lopez, M.J. Estebanez-Perez,
Evidence of benefit of telerehabitation after orthopedic surgery: a systematic re-
view, J. Med. Internet Res. 19 (4) (2017) e142.


[54] S. Eichler, S. Rabe, A. Salzwedel, S. Muller, J. Stoll, N. Tilgner, M. John,
K. Wegscheider, F. Mayer, H. Voller, Effectiveness of an interactive telerehabilita-
tion system with home-based exercise training in patients after total hip or knee
replacement: study protocol for a multicenter, superiority, no-blinded randomized
controlled trial, Trials 18 (1) (2017) 438.


[55] J. Ferlay, I. Soerjomataram, R. Dikshit, S. Eser, C. Mathers, M. Rebelo, D.M. Parkin,
D. Forman, F. Bray, Cancer incidence and mortality worldwide: sources, methods
and major patterns in GLOBOCAN 2012, Int. J. Canc. 136 (5) (2015) E359–E386.


[56] P. Page, B. Hoogenboom, M. Voight, Improving the reporting of therapeutic ex-
ercise interventions in rehabilitation research, International journal of sports phy-
sical therapy 12 (2) (2017) 297–304.


E. Piraux et al. Surgical Oncology 27 (2018) 584–594


594



http://refhub.elsevier.com/S0960-7404(18)30173-7/sref5

http://refhub.elsevier.com/S0960-7404(18)30173-7/sref6

http://refhub.elsevier.com/S0960-7404(18)30173-7/sref6

http://refhub.elsevier.com/S0960-7404(18)30173-7/sref6

http://refhub.elsevier.com/S0960-7404(18)30173-7/sref7

http://refhub.elsevier.com/S0960-7404(18)30173-7/sref7

http://refhub.elsevier.com/S0960-7404(18)30173-7/sref7

http://refhub.elsevier.com/S0960-7404(18)30173-7/sref8

http://refhub.elsevier.com/S0960-7404(18)30173-7/sref8

http://refhub.elsevier.com/S0960-7404(18)30173-7/sref8

http://refhub.elsevier.com/S0960-7404(18)30173-7/sref9

http://refhub.elsevier.com/S0960-7404(18)30173-7/sref9

http://refhub.elsevier.com/S0960-7404(18)30173-7/sref9

http://refhub.elsevier.com/S0960-7404(18)30173-7/sref10

http://refhub.elsevier.com/S0960-7404(18)30173-7/sref10

http://refhub.elsevier.com/S0960-7404(18)30173-7/sref10

http://refhub.elsevier.com/S0960-7404(18)30173-7/sref11

http://refhub.elsevier.com/S0960-7404(18)30173-7/sref11

http://refhub.elsevier.com/S0960-7404(18)30173-7/sref11

http://refhub.elsevier.com/S0960-7404(18)30173-7/sref11

http://refhub.elsevier.com/S0960-7404(18)30173-7/sref12

http://refhub.elsevier.com/S0960-7404(18)30173-7/sref12

http://refhub.elsevier.com/S0960-7404(18)30173-7/sref12

http://refhub.elsevier.com/S0960-7404(18)30173-7/sref12

http://refhub.elsevier.com/S0960-7404(18)30173-7/sref12

http://refhub.elsevier.com/S0960-7404(18)30173-7/sref13

http://refhub.elsevier.com/S0960-7404(18)30173-7/sref13

http://refhub.elsevier.com/S0960-7404(18)30173-7/sref13

http://refhub.elsevier.com/S0960-7404(18)30173-7/sref14

http://refhub.elsevier.com/S0960-7404(18)30173-7/sref14

http://refhub.elsevier.com/S0960-7404(18)30173-7/sref14

http://refhub.elsevier.com/S0960-7404(18)30173-7/sref15

http://refhub.elsevier.com/S0960-7404(18)30173-7/sref15

http://refhub.elsevier.com/S0960-7404(18)30173-7/sref15

http://refhub.elsevier.com/S0960-7404(18)30173-7/sref15

http://refhub.elsevier.com/S0960-7404(18)30173-7/sref16

http://refhub.elsevier.com/S0960-7404(18)30173-7/sref16

http://refhub.elsevier.com/S0960-7404(18)30173-7/sref16

http://refhub.elsevier.com/S0960-7404(18)30173-7/sref17

http://refhub.elsevier.com/S0960-7404(18)30173-7/sref17

http://refhub.elsevier.com/S0960-7404(18)30173-7/sref17

http://refhub.elsevier.com/S0960-7404(18)30173-7/sref17

http://refhub.elsevier.com/S0960-7404(18)30173-7/sref18

http://refhub.elsevier.com/S0960-7404(18)30173-7/sref18

http://refhub.elsevier.com/S0960-7404(18)30173-7/sref18

http://refhub.elsevier.com/S0960-7404(18)30173-7/sref18

http://refhub.elsevier.com/S0960-7404(18)30173-7/sref19

http://refhub.elsevier.com/S0960-7404(18)30173-7/sref19

http://refhub.elsevier.com/S0960-7404(18)30173-7/sref19

http://refhub.elsevier.com/S0960-7404(18)30173-7/sref19

http://refhub.elsevier.com/S0960-7404(18)30173-7/sref20

http://refhub.elsevier.com/S0960-7404(18)30173-7/sref20

http://refhub.elsevier.com/S0960-7404(18)30173-7/sref20

http://refhub.elsevier.com/S0960-7404(18)30173-7/sref20

http://refhub.elsevier.com/S0960-7404(18)30173-7/sref21

http://refhub.elsevier.com/S0960-7404(18)30173-7/sref21

http://refhub.elsevier.com/S0960-7404(18)30173-7/sref21

http://refhub.elsevier.com/S0960-7404(18)30173-7/sref21

http://refhub.elsevier.com/S0960-7404(18)30173-7/sref22

http://refhub.elsevier.com/S0960-7404(18)30173-7/sref22

http://refhub.elsevier.com/S0960-7404(18)30173-7/sref22

http://refhub.elsevier.com/S0960-7404(18)30173-7/sref22

http://refhub.elsevier.com/S0960-7404(18)30173-7/sref23

http://refhub.elsevier.com/S0960-7404(18)30173-7/sref23

http://refhub.elsevier.com/S0960-7404(18)30173-7/sref23

http://refhub.elsevier.com/S0960-7404(18)30173-7/sref23

http://refhub.elsevier.com/S0960-7404(18)30173-7/sref24

http://refhub.elsevier.com/S0960-7404(18)30173-7/sref24

http://refhub.elsevier.com/S0960-7404(18)30173-7/sref24

http://refhub.elsevier.com/S0960-7404(18)30173-7/sref24

http://refhub.elsevier.com/S0960-7404(18)30173-7/sref25

http://refhub.elsevier.com/S0960-7404(18)30173-7/sref25

http://refhub.elsevier.com/S0960-7404(18)30173-7/sref25

http://refhub.elsevier.com/S0960-7404(18)30173-7/sref26

http://refhub.elsevier.com/S0960-7404(18)30173-7/sref26

http://refhub.elsevier.com/S0960-7404(18)30173-7/sref26

http://refhub.elsevier.com/S0960-7404(18)30173-7/sref27

http://refhub.elsevier.com/S0960-7404(18)30173-7/sref27

http://refhub.elsevier.com/S0960-7404(18)30173-7/sref27

http://refhub.elsevier.com/S0960-7404(18)30173-7/sref28

http://refhub.elsevier.com/S0960-7404(18)30173-7/sref28

http://refhub.elsevier.com/S0960-7404(18)30173-7/sref28

http://refhub.elsevier.com/S0960-7404(18)30173-7/sref29

http://refhub.elsevier.com/S0960-7404(18)30173-7/sref29

http://refhub.elsevier.com/S0960-7404(18)30173-7/sref30

http://refhub.elsevier.com/S0960-7404(18)30173-7/sref30

http://refhub.elsevier.com/S0960-7404(18)30173-7/sref31

http://refhub.elsevier.com/S0960-7404(18)30173-7/sref31

http://refhub.elsevier.com/S0960-7404(18)30173-7/sref31

http://refhub.elsevier.com/S0960-7404(18)30173-7/sref31

http://refhub.elsevier.com/S0960-7404(18)30173-7/sref32

http://refhub.elsevier.com/S0960-7404(18)30173-7/sref32

http://refhub.elsevier.com/S0960-7404(18)30173-7/sref32

http://refhub.elsevier.com/S0960-7404(18)30173-7/sref32

http://refhub.elsevier.com/S0960-7404(18)30173-7/sref33

http://refhub.elsevier.com/S0960-7404(18)30173-7/sref33

http://refhub.elsevier.com/S0960-7404(18)30173-7/sref33

http://refhub.elsevier.com/S0960-7404(18)30173-7/sref33

http://refhub.elsevier.com/S0960-7404(18)30173-7/sref34

http://refhub.elsevier.com/S0960-7404(18)30173-7/sref34

http://refhub.elsevier.com/S0960-7404(18)30173-7/sref34

http://refhub.elsevier.com/S0960-7404(18)30173-7/sref35

http://refhub.elsevier.com/S0960-7404(18)30173-7/sref35

http://refhub.elsevier.com/S0960-7404(18)30173-7/sref35

http://refhub.elsevier.com/S0960-7404(18)30173-7/sref36

http://refhub.elsevier.com/S0960-7404(18)30173-7/sref36

http://refhub.elsevier.com/S0960-7404(18)30173-7/sref36

http://refhub.elsevier.com/S0960-7404(18)30173-7/sref37

http://refhub.elsevier.com/S0960-7404(18)30173-7/sref37

http://refhub.elsevier.com/S0960-7404(18)30173-7/sref37

http://refhub.elsevier.com/S0960-7404(18)30173-7/sref37

http://refhub.elsevier.com/S0960-7404(18)30173-7/sref38

http://refhub.elsevier.com/S0960-7404(18)30173-7/sref38

http://refhub.elsevier.com/S0960-7404(18)30173-7/sref38

http://refhub.elsevier.com/S0960-7404(18)30173-7/sref39

http://refhub.elsevier.com/S0960-7404(18)30173-7/sref39

http://refhub.elsevier.com/S0960-7404(18)30173-7/sref39

http://refhub.elsevier.com/S0960-7404(18)30173-7/sref39

http://refhub.elsevier.com/S0960-7404(18)30173-7/sref40

http://refhub.elsevier.com/S0960-7404(18)30173-7/sref40

http://refhub.elsevier.com/S0960-7404(18)30173-7/sref40

http://refhub.elsevier.com/S0960-7404(18)30173-7/sref41

http://refhub.elsevier.com/S0960-7404(18)30173-7/sref41

http://refhub.elsevier.com/S0960-7404(18)30173-7/sref41

http://refhub.elsevier.com/S0960-7404(18)30173-7/sref42

http://refhub.elsevier.com/S0960-7404(18)30173-7/sref42

http://refhub.elsevier.com/S0960-7404(18)30173-7/sref42

http://refhub.elsevier.com/S0960-7404(18)30173-7/sref43

http://refhub.elsevier.com/S0960-7404(18)30173-7/sref43

http://refhub.elsevier.com/S0960-7404(18)30173-7/sref43

http://refhub.elsevier.com/S0960-7404(18)30173-7/sref44

http://refhub.elsevier.com/S0960-7404(18)30173-7/sref44

http://refhub.elsevier.com/S0960-7404(18)30173-7/sref44

http://refhub.elsevier.com/S0960-7404(18)30173-7/sref45

http://refhub.elsevier.com/S0960-7404(18)30173-7/sref45

http://refhub.elsevier.com/S0960-7404(18)30173-7/sref46

http://refhub.elsevier.com/S0960-7404(18)30173-7/sref46

http://refhub.elsevier.com/S0960-7404(18)30173-7/sref46

http://refhub.elsevier.com/S0960-7404(18)30173-7/sref47

http://refhub.elsevier.com/S0960-7404(18)30173-7/sref47

http://refhub.elsevier.com/S0960-7404(18)30173-7/sref47

http://refhub.elsevier.com/S0960-7404(18)30173-7/sref47

http://refhub.elsevier.com/S0960-7404(18)30173-7/sref47

http://refhub.elsevier.com/S0960-7404(18)30173-7/sref48

http://refhub.elsevier.com/S0960-7404(18)30173-7/sref48

http://refhub.elsevier.com/S0960-7404(18)30173-7/sref48

http://refhub.elsevier.com/S0960-7404(18)30173-7/sref49

http://refhub.elsevier.com/S0960-7404(18)30173-7/sref49

http://refhub.elsevier.com/S0960-7404(18)30173-7/sref50

http://refhub.elsevier.com/S0960-7404(18)30173-7/sref50

http://refhub.elsevier.com/S0960-7404(18)30173-7/sref50

http://refhub.elsevier.com/S0960-7404(18)30173-7/sref50

http://refhub.elsevier.com/S0960-7404(18)30173-7/sref50

http://refhub.elsevier.com/S0960-7404(18)30173-7/sref51

http://refhub.elsevier.com/S0960-7404(18)30173-7/sref51

http://refhub.elsevier.com/S0960-7404(18)30173-7/sref51

http://refhub.elsevier.com/S0960-7404(18)30173-7/sref51

http://refhub.elsevier.com/S0960-7404(18)30173-7/sref51

http://refhub.elsevier.com/S0960-7404(18)30173-7/sref52

http://refhub.elsevier.com/S0960-7404(18)30173-7/sref52

http://refhub.elsevier.com/S0960-7404(18)30173-7/sref52

http://refhub.elsevier.com/S0960-7404(18)30173-7/sref52

http://refhub.elsevier.com/S0960-7404(18)30173-7/sref53

http://refhub.elsevier.com/S0960-7404(18)30173-7/sref53

http://refhub.elsevier.com/S0960-7404(18)30173-7/sref53

http://refhub.elsevier.com/S0960-7404(18)30173-7/sref54

http://refhub.elsevier.com/S0960-7404(18)30173-7/sref54

http://refhub.elsevier.com/S0960-7404(18)30173-7/sref54

http://refhub.elsevier.com/S0960-7404(18)30173-7/sref54

http://refhub.elsevier.com/S0960-7404(18)30173-7/sref54

http://refhub.elsevier.com/S0960-7404(18)30173-7/sref55

http://refhub.elsevier.com/S0960-7404(18)30173-7/sref55

http://refhub.elsevier.com/S0960-7404(18)30173-7/sref55

http://refhub.elsevier.com/S0960-7404(18)30173-7/sref56

http://refhub.elsevier.com/S0960-7404(18)30173-7/sref56

http://refhub.elsevier.com/S0960-7404(18)30173-7/sref56



		Effects of preoperative combined aerobic and resistance exercise training in cancer patients undergoing tumour resection surgery: A systematic review of randomised trials

		Introduction

		Methods

		Literature search and selection

		Inclusion and exclusion criteria

		Study selection

		Data extraction and analysis

		Risk of bias



		Results

		Selection of studies

		Quality of studies

		Settings

		Participants

		Intervention

		Effects of intervention on physical fitness

		Effects of intervention on quality of life

		Effects of prehabilitation intervention on postoperative outcomes



		Discussion and conclusion

		Effects of prehabilitation

		Prehabilitation intervention

		Limitations and future directions



		Conflicts of interest

		Funding

		Authors’ contributions

		Supplementary data

		References












Pre-operative Physical Function Optimization 
Program Decision Aid


Fully Monitored Program


Clinician-prescribed physical therapy 
or structured sessions with a 
personal trainer in an individual or 
group exercise setting


Highest cost to patient
 Patients would benefit from 


personalized attention due to 
frailty or comorbidities or lack of 
social support and have physical 
therapy coverage or willingness to 
pay out of pocket, OR hospital has 
in-house resources


 Direct assessment of functional 
status and compliance in pre-
surgical period


Partially Monitored Program


Baseline assessment visit with 
physical therapist or personal trainer, 
followed by personalized home- or 
gym-based program


Lower cost to patient
 Patients would benefit from 


baseline session and personalized 
program due to frailty or 
comorbidities, OR hospital has in-
house resources


 Baseline assessment of functional 
status


 Self-reported compliance in pre-
surgical period


Unmonitored Program


Self-directed program consisting of 
exercise handouts or other resources 
provided by the treating clinician


Lowest or no cost to patient
 Patients are motivated and/or


able to carry out a self-paced 
routine at home or at gym


 Baseline assessment of functional
status in clinic or not at all


 Self-reported compliance in pre-
surgical period





		Pre-operative Physical Function Optimization Program Decision Aid






Clinical Rehabilitation
27(7) 616 –627
© The Author(s) 2013
Reprints and permissions:  
sagepub.co.uk/journalsPermissions.nav
DOI: 10.1177/0269215512471063
cre.sagepub.com


CLINICAL
REHABILITATION


471063 CRE27710.1177/0269215512471063Clinical RehabilitationSoares et al.
2013


1 Grupo de Pesquisa Evidências em Fisioterapia, Centro de 
Ciências da Vida, Pontifícia Universidade Católica de Campinas 
(PUC-Campinas), Campinas, São Paulo, Brazil


2 Grupo de Pesquisa Epidemiologia e Saúde, Centro de Ciências 
da Vida, PUC-Campinas, Campinas, São Paulo, Brazil


3 Grupo de Pesquisa Evidências em Fisioterapia, Centro de 
Ciências da Vida, PUC-Campinas, Campinas, São Paulo, Brazil


Pulmonary function and physical 
performance outcomes with 
preoperative physical therapy 
in upper abdominal surgery: a 
randomized controlled trial


Silvia Maria de Toledo Piza Soares1, Luciana Bertoldi 
Nucci2, Marcela Maria de Carvalho da Silva3 and  
Thaís Colombini Campacci3


Abstract
Objective: Investigation of the effects of preoperative physical therapy on pulmonary function and 
physical performance before and after upper abdominal surgery.
Design: Non-blind randomized controlled trial.
Setting: Tertiary public hospital and private university, São Paulo state, Brazil.
Subjects: Thirty-two patients undergoing abdominal surgery.
Interventions: Patients were randomly assigned to receive physical therapy, with respiratory and global 
exercises, 2–3 weeks before surgery (treatment group; n = 16) or await operation without engaging in 
practicing (control group; n = 16). After surgery, a physical therapy protocol was administered to all 
subjects until the seventh postoperative day.
Main measures: Pulmonary function outcome variables were inspiratory and expiratory strength, 
respiratory muscle endurance and spirometry, and physical performance outcome variables were 
the functional independence measure and 6-minute walk test distance. Any postoperative pulmonary 
complications were recorded.
Results: There were no between-group differences at randomization. In the preoperative period, patients 
in the intervention group had higher inspiratory strength and respiratory muscle endurance than controls 
(88 cmH2O versus 64 cmH2O and 28 cmH2O versus 23 cmH2O, respectively; P < 0.05). On the seventh 
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postoperative day, in addition to inspiratory force and respiratory muscle endurance, the intervention 
group showed better results than controls in the functional independence measure score (118 versus 
95) and 6-minute walk test distance (368.5 m versus 223 m), all P < 0.05. Postoperative pulmonary 
complications occurred in 11 patients in the control group and five in the intervention group (P = 0.03).
Conclusion: Preoperative physical therapy improved pulmonary function and physical performance in 
the pre- and postoperative periods among patients undergoing upper abdominal surgery.


Keywords
Preoperative, abdominal surgery, physical therapy, breathing exercises
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Introduction


The postoperative period of abdominal surgery is 
associated with respiratory muscle dysfunction 
and impaired physical capacity, which, in turn, are 
associated with the development of postoperative 
pulmonary complications.1–3


Anesthesia, the trauma of surgery, and the condi-
tions inherent to the postoperative period (such as 
incisions, drains, and catheters) have an impact on 
the respiratory mechanics and mobility of patients.4,5 
The first postoperative days are associated with lim-
ited upright mobilization, fatigue, and restrictive ven-
tilatory defects, among other functional disorders.6–9


Physical therapy, including respiratory and 
motor exercises, can aid patient recovery after 
laparotomy.10–12 However, its effect on the preven-
tion of postoperative pulmonary complications 
after abdominal surgery remains unclear.13,14


Conversely, the preoperative period provides an 
opportunity to encourage and possibly improve 
physical performance in patients who are awaiting 
elective surgery.15 This concept, known as preha-
bilitation, has been the object of studies in patients 
undergoing orthopedic16 and colorectal surgery,17 
and its aim is to speed postoperative recovery by 
means of preoperative interventions.


Respiratory muscle training, a procedure consis-
tent with this concept, has been shown to reduce 
the risk of postoperative pulmonary complications 
and shorten length of hospital stay after cardiotho-
racic surgery,18,19 and is associated with a reduction 
in the rate of atelectasis after abdominal surgery.20 


In addition, preoperative aerobic fitness programs 
have been studied as a potential strategy for miti-
gating postoperative impairment of functional 
capacity21,22 and reducing the incidence of pulmo-
nary complications after surgery.15


Therefore, the objective of this study was to com-
pare, in a sample of adults awaiting upper abdominal 
surgery, the extent to which a preoperative physical 
therapy intervention consisting of respiratory and 
general functional exercises improves pulmonary 
function and functional physical performance versus 
no preoperative intervention at time of surgery and 
at 7 and 30 days postoperatively.


Methods


This was a prospective, randomized, controlled trial 
conducted at a private university and a tertiary public 
hospital in the state of São Paulo, Brazil. The study 
protocol was approved by the institutional Human 
Subject Research Ethics Committee and added to the 
Brazilian clinical trials registry (REBEC – www.
ensaiosclinicos.gov.br identifier RBR-73vbv8).


Patients were recruited from the outpatient 
specialist clinic of a medical school department 
of digestive surgery. Inclusion criteria were elec-
tive open abdominal surgery (defined as opening 
of the peritoneal cavity), waiting period of at 
least 2 weeks, no prior surgical intervention for 
esophageal, gastric, or biliary tract resection, age 
≥ 40 years, and acceptable physical condition 
(permitting pulmonary function and walk tests). 
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Exclusion criteria were cerebrovascular disease, 
use of immunosuppressants within 30 days of 
surgery, cardiovascular instability, and physical 
therapy within the 8 weeks preceding study 
enrollment.


All participants were referred by surgeons for 
physical therapy follow-up during the pre- and 
postoperative periods as part of a multidisciplinary 
surgical team. Patient inclusion and exclusion crite-
ria were checked, and patients were informed of the 
study objectives and asked for their informed con-
sent. The day of admission to the study was defined 
as the day of first patient assessment, usually 2 to 3 
weeks before surgery (baseline data). After stratifi-
cation by surgical site (esophagus, stomach, or 
biliary tract), participants were randomly allocated, 
by means of sealed envelope randomization, to the 
treatment or control groups. Subjects allocated to 
the treatment group received preoperative physical 
therapy, whereas the control group received no pre-
operative physical therapy intervention. At the end 
of 2 to 3 preoperative weeks, all patients were 
admitted to the hospital, and immediate preopera-
tive outcome measures were assessed within the 
first 24 hours before surgery (preoperative data). In 
the postoperative period, a physical therapy proto-
col was implemented in both groups and followed 
until the seventh postoperative day or hospital dis-
charge (when the length of stay was <7 days). Three 
assessments were conducted in the postoperative 
period: within the first 24 hours after surgery (24-
hour postoperative data), on the seventh postopera-
tive day or at hospital discharge when the length of 
stay was < 7 days (7-day postoperative data), and on 
the 30th postoperative day (30-day postoperative 
data). Neither patients nor physical therapists were 
blinded to group assignment, and the investigators 
responsible for data collection were aware of 
allocation.


Interventions
All treatment-group subjects received preoperative 
physical therapy during the 2 to 3 weeks preceding 
their surgical procedure. The protocol consisted 
of two supervised 50-minute physical therapy ses-
sions per week, which consisted of stretching 


exercises, trunk rotation (dissociation of the pelvis 
and shoulder girdle), deep breathing, respiratory 
muscle training, active upper and lower extremity 
exercises, walking, and relaxation. Patients also 
received guidance and training on coughing and 
huffing. For respiratory muscle training, patients 
were trained to use an inspiratory threshold-loading 
device (Threshold IMT, Respironics, NJ, USA), 
for 15 minutes daily. The initial load was set at 
20% of their maximal inspiratory pressure, mea-
sured at baseline. This was increased by 2 cmH2O/
week in the preoperative period, as described by 
Dronkers et al.20 The walking portion of the proto-
col consisted of a 10-minute walk on flat ground. 
Speed was required to be faster than that of a ran-
dom leisurely walk, and was limited by perceived 
dyspnea, never exceeding level 15 on the Borg 
Scale of rate perceived exertion.23 Patients were 
instructed to avoid running, and were allowed to 
slow their pace if necessary to complete the activ-
ity in no less than 10 minutes. Respiratory muscle 
training and walking were carried out once daily, at 
home, at a predefined time, four times a week, 
scheduled not to coincide with supervised physical 
therapy sessions. All patients reported full adher-
ence with these recommended activities, which 
was corroborated by progressive improvement in 
ability to carry out related exercises during super-
vised physical therapy.


Control group patients did not receive any physi-
cal therapy intervention in the preoperative period. 
They were instructed to wait for medical staff to call 
regarding hospital admission (within 2 to 3 weeks) 
and surgery.


Postoperative physical therapy consisted of a 
standardized protocol which was applied to both 
groups until the seventh postoperative day. All 
patients received daily physical therapy (one 
45-minute session), which consisted of deep breath-
ing exercises followed by coughing or huffing. 
Chest maneuvers were used to aid airway clearance 
when necessary, as determined by pulmonary 
auscultation. This was followed by active upper and 
lower extremity exercises (similar to those used in 
the preoperative protocol), performed in the seated 
position. All subjects were encouraged to sit out of 
bed (within 24 hours of surgery) and walk at least 
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10 minutes a day (starting on the second postopera-
tive day) if stable. All participants were encouraged 
to repeat the respiratory, coughing, and limb mobi-
lization exercises performed during the physical 
therapy session once daily, without the presence of 
the therapist.


When subjects were under mechanical ventila-
tion, the physical therapy protocol was followed 
whenever patients were hemodynamically stable, 
with exercises adapted to their current clinical 
condition. Ventilator weaning was carried out by 
intensive care unit professionals. When length of 
stay exceeded 7 days, postoperative care was 
handed over to the hospital’s physical therapy ser-
vice (one daily session on average).


Measures
Data on operative time, American Society of 
Anesthesiologists functional classification,24 sever-
ity of condition on the first postoperative day 
(Acute Physiology and Chronic Health Evaluation 
II (APACHE II)), and postoperative pulmonary 
complications were collected for between-group 
comparisons. Postoperative pulmonary complica-
tions, defined as pulmonary complications treated 
and noted in medical records until the seventh 
postoperative day, were: (1) respiratory failure, as 
characterized by a need for endotracheal intubation 
and mechanical ventilation; (2) atelectasis, pleural 
effusion, or pneumothorax, as diagnosed on chest 
radiographs; or (3) pneumonia, on the basis of 
clinical, laboratory, and imaging findings and insti-
tution of antibiotic therapy.


Pulmonary function assessment consisted of 
measurement of respiratory muscle strength and 
endurance, followed by spirometry. Respiratory 
muscle strength was determined by maximal 
inspiratory and expiratory pressures, reflecting the 
inspiratory and expiratory muscle force, respectively. 
Measures were obtained with an aneroid manometer 
(Comercial Médica, São Paulo, Brazil), calibrated 
in cmH2O. The procedure was carried out in 
accordance with American Thoracic Society and 
European Respiratory Society recommendations.25 
Maximal inspiratory pressure and maximal expi-
ratory pressure were derived from the residual 


volume and total lung capacity, respectively. 
Absolute values were compared with predicted 
values for the Brazilian population.26 Respiratory 
muscle endurance was measured by incremental 
threshold loading following the protocol described 
by Dronkers et al.20 The initial load was set at 30% 
of the maximal inspiratory pressure, as measured 
during the corresponding assessment, and resis-
tance was gradually increased by 10% of maximal 
inspiratory pressure every 2 minutes. Endurance 
was expressed as the highest pressure (in cmH2O) 
that could be sustained for 2 minutes without inter-
rupting inspiration. Lung volumes and capacities 
were measured with a portable spirometer (KoKo, 
Ferraris Respiratory, Louisville, CO, USA). Slow 
and forced vital capacity maneuvers were performed 
in accordance with American Thoracic Society and 
European Respiratory Society recommendations.27 
Slow vital capacity was used to calculate vital 
capacity and inspiratory capacity, and forced vital 
capacity to determine the forced expiratory volume 
in the first second and forced vital capacity. Results 
were expressed as absolute values and as percent-
ages of predicted reference values.28


The functional independence measure and dis-
tance on the 6-minute walk test were used for 
assessment of functional performance. The func-
tional independence measure,29 validated for use in 
Brazil,30 enabled assessment of functional capacity 
for the activities of daily living (self-care, sphinc-
ter control, mobility/transferring, locomotion, 
communication, and social cognition). The over-
all score was interpreted as complete dependence 
(18 points), moderate modified dependence (19–
60 points), mild modified dependence (61–103 
points), or complete independence (104–126 
points). The 6-minute walk test was performed 
along a 30-meter hallway, in accordance with 
international standards, for assessment of physical 
capacity.31 The distance in meters was recorded 
and compared with values predicted for the 
Brazilian population.32


All measurements were obtained at all five 
assessments (baseline, preoperative, and 24 hours, 7 
days, and 30 days after surgery), except for the 
6-minute walk test, which was not performed 24 
hours after surgery.
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Statistical analysis
Data were analyzed using the SPSS v. 17.0 software 
package (SPSS Inc., Chicago, IL, USA). Medians 
and interquartile ranges were used for descriptive 
analyses of quantitative variables due to the skew-
ness of most variables. Hence, non-parametric tests 
were deemed more adequate for statistical analysis. 
Between-group (treatment group versus control 
group) comparisons were performed with the 
Mann–Whitney U test (for quantitative variables) 
or the chi-squared test (for categorical variables). 
Fisher’s exact test was used when the prerequisites 
for use of the chi-squared test were not met.


The Wilcoxon test was used for comparisons 
between baseline measurements and predicted val-
ues, as well as between preoperative measurements 
and predicted values. The Friedman test was used 
for within-group comparisons among the five pre-
determined assessments, followed by the post-hoc 
Wilcoxon signed ranks test with Bonferroni cor-
rection for comparison among the various permu-
tations of the two study groups.


A normal approximation of the binomial dis-
tribution with single probability of success of 0.5 
was also applied for calculation of binomial 
probabilities.


The significance level was set at 0.05, except for 
post-hoc analysis, in which the significance level 
was set at 0.005 or 0.0083 after Bonferroni correc-
tion, depending on the number of comparisons.


Results


Thirty-seven patients were included in the study. 
Of these, 28 completed assessment on the  
30th postoperative day (Figure 1). Preoperative 
data were collected for all subjects (n = 32). 
However, in the postoperative period, some mea-
sures were not recorded due to lack of acceptance 
or reproducibility levels or to the presence of 
mechanical ventilation.


Table 1 describes key sample and surgery char-
acteristics. There were no significant between-
group differences at baseline.


At baseline, all subjects presented maximal 
inspiratory pressure, maximal expiratory pressure 


and 6-minute walk test distances significantly below 
predicted values for the Brazilian population (P < 
0.05). Median absolute (interquartile range) and 
predicted values (interquartile range) were, respec-
tively: 62 (48–76) cmH2O and 100 (83–111) cmH2O 
for maximal inspiratory pressures, 78 (61–99) 
cmH2O and 109 (81–120) cmH2O for maximal 
expiratory pressure, and 489.5 (434.8–525.3) meters 
and 538.6 (514.3–568.2) meters for 6-minute walk 
test distance.


Respiratory muscle function. In the preoperative 
period, eight out of 16 patients in the control group 
exhibited a decline in maximal inspiratory pressure 
as compared with baseline (P = 0.196), whereas in 
the treatment group 12 patients experienced an 
increase in maximal inspiratory pressure in relation 
to baseline (P = 0.028), and all others remained at 
their baseline values.


Table 2 shows strength and respiratory muscle 
endurance (cmH2O) for subjects who completed all 
assessments over the course of the study. On the sev-
enth postoperative day, maximal inspiratory pres-
sure (expressed as percentage of predicted value) 
was significantly higher in the treatment group (65% 
of predicted value) than in the control group (47% of 
predicted value), P < 0.05 (data not shown).


In both groups, maximal expiratory pressure 
remained practically unchanged in the preoperative 
period and declined in the postoperative period (no 
difference between groups).


Spirometry. Preoperatively, lung volumes and 
capacities remained statistically unchanged in both 
groups. Slow vital capacity and inspiratory capacity 
declined in the postoperative period in both groups 
(Table 2).


Functional independence measure. The overall 
functional independence measure score of con-
trols corresponded to mild modified dependence, 
whereas in the treatment group it was indicative 
of complete independence (Table 3). Seven days 
after surgery, however, subscores for the  
self-care, mobility and locomotion categories 
were significantly higher in the treatment group 
(P < 0.05).
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Six-minute walk test. In the preoperative period, 
13 of 16 patients in the treatment group had 
increased their walking distance from baseline, 
whereas in the control group 13 of 16 had experi-
enced a decline in walking distance over the same 
period (P = 0.009). Data from eight of 13 subjects 


in the control group and 12 of 15 in the treatment 
group who completed the walk test at all predefined 
assessments are shown in Table 3.


Postoperative pulmonary complications. By the sev-
enth postoperative day, 11 patients in the control 
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(1) Preoperative data completed n = 15 


(2) Postoperative data 


Respiratory strength n = 12 


Respiratory muscle endurance n = 10 
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Functional independence measure n = 15 


Six-minute walk test n = 12 


Excluded from analysis (died or surgery 


withheld/postponed/advanced) n = 3 


Analyzed


(1) Preoperative data completed n = 13 
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Respiratory strength n = 7 
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Functional independence measure n = 13 


Six-minute walk test n = 8 
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 Prior gastric surgery n = 1 


 Declined surgical treatment n = 1 


Treatment group 


Preoperative physical therapy intervention n = 18 


Control group 


No intervention n = 19 


Figure 1. Trial flow diagram.
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group and five in the treatment group had experi-
enced postoperative pulmonary complications (P = 
0.034). In the control group, hospital records indi-
cated atelectasis (n = 2), atelectasis with pleural 
effusion (n = 2), atelectasis with pneumonia (n = 1), 
pneumonia with respiratory failure (n = 4), pleural 
effusion with pneumothorax (n = 1), and pleural 
effusion (n = 1). The postoperative pulmonary com-
plications noted in treatment group subjects were 
atelectasis (n = 2), pneumonia (n = 1), pleural effu-
sion (n = 1), and respiratory failure (n = 1).


Discussion


Our main findings revealed that (1) in the preop-
erative period, patients who had engaged in 


respiratory and motor exercises had inspiratory 
strength and respiratory muscle endurance superior 
to patients who did not receive the program, as 
well as better 6-minute walk test distances; (2) on 
the seventh postoperative day, maximal inspiratory 
pressure, respiratory muscle endurance, functional 
independence measure and 6-minute walk test 
distance were significantly greater among patients 
who received preoperative physical therapy; and 
(3) in the first week after surgery, treatment group 
patients experienced fewer postoperative pulmo-
nary complications.


The waiting period for elective surgery is highly 
detrimental to the physical and emotional condition 
of the patient. Improvement of health status in this 
period is a challenge, particularly in patients await-
ing oncologic surgery, due to a tendency to abstain 


Table 1. Sample profile and surgical data.


Patient and procedure characteristics Group


 Treatment (n = 16) Control (n = 16)


Age, years (median) 58.5 (51.3–63.5) 55.0 (49.3–64.3)
Female-to-male ratio 8/8  7/9
BMI, kg/m2 (median) 23.6 (19.7–25.9) 24.2 (21.3–28.4)
History of smoking (y/n) 9/7 11/5
History of alcohol intake (y/n)  6/10  7/9
Cancer diagnosis (y/n) 12/4 13/3
Pulmonary function (median)  
 FVC, % predicted 99.5 (94.0–122.3) 107.0 (102.0–112.0)
 FEV1, % predicted 99.0 (76.3–117.3) 106.0 (89.0–112.0)
Surgical site of main intervention (n)  
 Stomach 5 4
 Esophagus 6 7
 Biliary tract 5 5
Intraoperative resection extended to more than one 
segment (y/n)


 9/7  6/10


Operative time, min (median) 270.0 (150.0–320.0) 270.0 (201.3–398.8)
ASA classification (median) 2.0 (1.8–2.0) 2.0 (2.0–2.0)
Apache II score (median) 9.0 (6.3–10.5) 7.5 (5.0–9.8)
Reintervention before 30th PO day (y/n)  4/12  3/13
Time from baseline to surgery, weeks (median) 2.5 (2.0–3.0) 2.0 (2.0–3.0)
Time from surgery to hospital discharge, days (median) 8.5 (4.8–12.3) 8.5 (6.5–17.3)


ASA, American Society of Anesthesiologists; BMI, body mass index; FEV1, forced expiratory volume in the first second; FVC, forced 
vital capacity; PO, postoperative.
Values expressed as median (interquartile range) or number of patients (y/n).
Control group versus treatment group, P > 0.05 for all variables.
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from physical strain.33 In the present study, 78% of 
participants had a diagnosis of gastrointestinal tract 
neoplasm.


The optimal time for intervention prior to surgery 
is limited and varies across studies. A period of 2–3 
weeks was chosen for this trial due to the routine of 
the institution. Similar waits have been reported for 
cardiothoracic18,34 and abdominal surgery.22


Clinical trials of preoperative respiratory muscle 
training have revealed less decline in inspiratory 


muscle strength after laparotomy,35,36 which 
explains speculation as to a potential effect in the 
reduction of postoperative pulmonary complica-
tions. Respiratory muscle training was included as 
an add-on to other exercises, and treatment group 
subjects exhibited inspiratory strength and respira-
tory muscle endurance superior to controls in the 
preoperative period. Nevertheless, both groups 
experienced a decline in respiratory muscle perfor-
mance after surgery. By the seventh postoperative 


Table 2. Data on respiratory muscle and pulmonary function.


Values on Treatment group Control group Between-group


 Median (IQR) Median (IQR) P-valuee


MIP (cmH2O) n = 12 n = 7  
 Baseline 62 (50–83) 72 (40–76) 0.691
 Preoperative period 88 (66–103) 64 (40–84) 0.049
 24 hours after surgery 34 (21–63)b 40 (28–48) 0.418
 7 days after surgery 60 (53–85) 52 (36–60)c 0.053
 30 days after surgery 78 (60–92)d 64 (28–64) 0.042
RME (cmH2O) n = 10 n = 5  
 Baseline 18 (17–22) 21 (11–24) 0.220
 Preoperative period 28 (22–32)a 23 (12–28) 0.006
 24 hours after surgery 13 (9–21)b 10 (8–13) 0.053
 7 days after surgery 22 (20–23)c 13 (11–19) 0.010
 30 days after surgery 26 (17–29)d 17 (10–18) 0.013
SVC (liters) n = 11 n = 6  
 Baseline 3.7 (3.1–4.6) 3.8 (3.2–4.1) 0.326
 Preoperative period 4.0 (3.0–4.7) 3.5 (3.2–4.0) 0.417
 24 hours after surgery 2.0 (1.7–2.3)b 1.8 (1.6–1.9) 0.229
 7 days after surgery 2.4 (1.9–3.3)c 2.4 (2.0–3.0)c 0.456
 30 days after surgery 3.1 (2.5–4.4)d 3.2 (2.8–3.4) 0.901
IC (liters) n = 11 n = 6  
 Baseline 2.5 (2.1–2.9) 3.3 (2.7–3.5) 0.637
 Preoperative period 2.7 (2.3–3.0) 3.0 (2.5–3.4) 0.910
 24 hours after surgery 1.5 (1.1–2.0)b 1.4 (1.4–1.5) 0.618
 7 days after surgery 1.9 (1.4–2.2)c 2.1 (1.6–2.6)c 0.589
 30 days after surgery 2.6 (1.6–2.8)d 2.5 (1.9–3.0) 0.901


IC, inspiratory capacity; IQR, interquartile range; MIP, maximum inspiratory pressure; RME, respiratory muscle endurance;  
SVC, slow vital capacity.
aPreoperative period versus baseline.
b24 hours after surgery versus preoperative period.
c7 days after surgery versus preoperative period.
d30 days after surgery versus 24 hours after surgery.
a–dFriedman test (post-hoc Wilcoxon signed ranks test with Bonferroni correction resulting in a significance level of P < 0.005).
eMann–Whitney U test.
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day, inspiratory muscle strength and endurance 
were once again superior in the treatment group. 
Respiratory muscle endurance measures are inter-
esting and valuable markers of the postoperative 
behavior of lung mechanics in surgical patients. 
Anesthesia and surgical manipulation reduce 
residual functional capacity; this, compounded by a 
decrease in pulmonary compliance, increases the 
elastic work of the lung and contributes to eleva-
tions in respiratory rate.37 Therefore, improvement 
of respiratory muscle endurance is an investment 
towards maintenance of proper ventilatory capacity 
in the postoperative period. We believe that respira-
tory muscle endurance behavior before and after 
surgery may have contributed to a lower incidence 
of postoperative pulmonary complications in the 
treatment group.


Neither group exhibited any significant changes 
in spirometric parameters preoperatively, but these 
parameters were significantly reduced postopera-
tively. Decreases in lung volumes and capacities, to 
approximately 40% of preoperative values, have 
even been reported after laparoscopy.38


The time required for postoperative recovery of 
baseline functional capacity is long, and the clinical 
course of postoperative functional recovery varies 
according to the measure used for assessment;39 
hence our use of the functional independence mea-
sure and 6-minute walk test. In the preoperative 
period, all participants were classified as function-
ally independent. In the first 24 hours after surgery, 
however, all – in both groups – were completely 
dependent. Over the course of the postoperative 
period, both groups exhibited improvement in func-
tional capacity, but this improvement was superior 
in the treatment group. These findings suggest that 
treatment group patients mounted a response against 
the mobility challenges posed by postoperative 
tubes and catheters, possibly because they had been 
motivated and engaged in recovery of their physical 
fitness since the preoperative period.


The 6-minute walk test has been validated for 
use in the preoperative40 and postoperative41 periods 
as a measure of recovery and physical capacity. The 
test is not merely a walking activity, but a trial of 
muscle and aerobic endurance, coordination, and 


Table 3. Functional independence measure score and 6-minute walk test distance.


Values on Treatment group Control group Between-group


 Median (IQR) Median (IQR) P-valuef


Total FIM score n = 15 n = 13  
Baseline 126 (124–126) 125 (121–126) 0.309
Preoperative period 126 (120–126) 125 (121–126) 0.349
24 hours after surgery 49 (41–94)a 44 (28–48)a 0.104
7 days after surgery 118 (102–123)bc 95 (64–110)bc 0.018
30 days after surgery 125 (119–126)d 117 (80–123)d 0.085
6MWT distance n = 12 n = 8  
Baseline 472.0 (440.7–537.3) 501.5 (459.3–513.5) 0.985
Preoperative period 514.4 (460.8–557.5) 441.5 (412.3–505.9) 0.105
7 days after surgery 368.5 (272.3–408.5)b 223.0 (186.7–318.3) 0.025
30 days after surgery 486.0 (392.3–562.3)e 447.3 (373.7–465.8) 0.107


FIM, functional independence measure; IQR, interquartile range; 6MWT, 6-minute walk test.
a24 hours after surgery versus preoperative period.
b7 days after surgery versus preoperative period.
c7 days after surgery versus 24 hours after surgery.
d30 days after surgery versus 24 hours after surgery.
e30 days after surgery versus 7 days after surgery.
a–eFriedman test (post-hoc Wilcoxon signed ranks test with Bonferroni correction, resulting in a significance level of P < 0.008).
fMann–Whitney U test.
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capacity at a level consistent with the activities of 
daily living. In the preoperative period, 13 (81%) 
treatment group patients had an increased 6-minute 
walk test distance in relation to their baseline dis-
tance; in seven of these subjects, the difference 
exceeded 30 meters. Furthermore, on the seventh 
postoperative day, the 6-minute walk test distance 
reached 64% of predicted value in the treatment 
group, versus 44% in the control group. This differ-
ence appears clinically relevant.


Our preoperative physical therapy program 
used low-intensity exercises, which constitutes the 
first limitation of the study. However, in a previ-
ous study of patients scheduled to undergo colec-
tomy, those who followed a regimen of walking 
and breathing exercises had better postoperative 
functional capacity than those who followed a sta-
tionary cycling regimen.21 An intensive training 
program was found to provide no physical per-
formance benefit over home exercises in a sample 
of oncologic patients undergoing abdominal 
surgery.22 Therefore, use of a preoperative physical 
therapy protocol, even one lacking high-intensity 
exercise, may have improved patients’ functional 
status by mitigating preoperative inactivity. This, 
in turn, facilitated patient adherence and commit-
ment to the proposed treatment. The second limi-
tation consists of the sample size and number of 
participants who completed all variables and all 
assessments. However, this issue has been reported 
in other studies of preoperative interventions.20,22 
This trial did not use a blind design, which leads to 
the possibility of bias in functional independence 
measure assessment, because these scores depend 
on investigator observations. However, the 6-minute 
walk test was also adopted, and walking distance 
is an objective, observer-independent measure. 
Further limitations include the duration of post-
operative physical therapy, the heterogeneity of 
the surgical procedures performed, and the lack of 
a strict protocol for assessment of postoperative 
pulmonary complications.


We conclude that patients who receive preopera-
tive physical therapy before undergoing abdominal 
surgery exhibit better pulmonary function and func-
tional physical performance, both before and after 
the operation, than subjects not receiving such an 


intervention preoperatively. Further studies should 
be carried out to investigate different preoperative 
exercise protocols, so that a greater number of 
patients can benefit from these interventions.


Clinical messages


• Patients awaiting abdominal surgery may 
improve respiratory muscle function and 
physical fitness preoperatively by follow-
ing a protocol of respiratory and general 
functional exercises.


• Patients who receive physical therapy pre-
operatively have improved postoperative 
functional independence and experience 
fewer pulmonary complications.
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ASSESSMENT


Purpose: To assess mobility


Equipment: A stopwatch


Directions: Patients wear their regular footwear and 
can use a walking aid, if needed. Begin by having the 
patient sit back in a standard arm chair and identify a 


line 3 meters, or 10 feet away, on the floor.


2 On the word “Go,” begin timing.
3 Stop timing after patient sits back down.
4 Record time.


Observe the patient’s 
postural stability, gait, 
stride length, and sway.


Check all that apply: 


   Slow tentative pace  


   Loss of balance


   Short strides


   Little or no arm swing


   Steadying self on walls


   Shuffling 


   En bloc turning 


   Not using assistive 
      device properly


These changes may signify 


neurological problems that 


require further evaluation.


Timed Up & Go 
(TUG)


When I say “Go,” I want you to:


1. Stand up from the chair.
2. Walk to the line on the floor at your normal pace.
3. Turn.
4. Walk back to the chair at your normal pace.
5. Sit down again.


OBSERVATIONS


1 Instruct the patient:


An older adult who takes ≥12 seconds to complete the TUG is at risk for falling.


NOTE:
Always stay by 
the patient for 


safety.


Time in Seconds:


 AM   PM


CDC’s STEADI tools and resources can help you screen, assess, and intervene to reduce 
your patient’s fall risk. For more information, visit www.cdc.gov/steadi


Patient


Date


Time



https://www.cdc.gov/steadi






 


 
    


 
 


            
  


 
 


  


      
 


        


      
 


    
 


          


        
 


      
 


       
 


  
  


     


             
 


  
 


   


 
 


             


     


             


      


             


   


             


            
            


  
         


            
     


 2008 Physical Activity Guidelines for Americans 
Trends in Meeting the 2008 Physical Activity Guidelines, 2008—2018 


Percentage (95% Confidence Interval) 


2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 Overall 
Trend* 


Period-Specific 
Trends* 


Adults engaging in no leisure-time physical activity 
36.2 


(35.0-37.4) 
32.3 


(31.3-33.3) 
32.4 


(31.5-33.3) 
31.6 


(30.7-32.5) 
29.6 


(28.8-30.5) 
30.3 


(29.5-31.1) 
30.0 


(29.1-30.9) 
30.0 


(29.2-30.9) 
26.9 


(25.7-28.1) 
25.9 


(24.6-27.2) 
25.4 


(24.3-26.6) ↓ -0.9/year None 


Adults meeting minimum aerobic physical activity guideline—Moderate-intensity for ≥ 150 minutes/week, or vigorous-intensity for ≥ 75 minutes/week, or an 
equivalent combination 


43.5 
(42.4-44.6) 


47.2 
(46.2-48.2) 


47.1 
(46.2-48.0) 


48.8 
(47.9-49.7) 


50.0 
(49.1-50.8) 


49.9 
(49.1-50.8) 


49.9 
(49.0-50.8) 


49.8 
(48.9-50.6) 


52.6 
(51.5-53.7) 


54.1 
(52.9-55.2) 


54.2 
(53.2-55.3) ↑ 0.9/year None 


Adults meeting high aerobic physical activity guideline—Moderate-intensity for > 300 minutes/week, or vigorous-intensity for > 150 minutes/week, or an 
equivalent combination 


28.4 
(27.5-29.4) 


31.2 
(30.4-32.1) 


31.7 
(30.9-32.5) 


33.1 
(32.4-34.0) 


34.3 
(33.5-35.1) 


34.3 
(33.5-35.2) 


34.0 
(33.2-34.9) 


33.6 
(32.7-34.4) 


35.9 
(34.9-36.9) 


37.0 
(36.0-38.1) 


37.4 
(36.4-38.4) ↑ 0.7/year 


↑2008-2012 (1.3/year) 
↔ 2012-2015 


↑2015-2018 (1.2/year) 


Adults meeting muscle-strengthening guideline—Muscle-strengthening activities ≥ 2 days/week 


21.9 
(21.2-22.7) 


22.6 
(21.8-23.3) 


24.2 
(23.4-24.9) 


24.2 
(23.5-24.9) 


23.9 
(23.2-24.5) 


24.1 
(23.4-24.9) 


24.4 
(23.7-25.2) 


24.8 
(24.2-25.5) 


26.0 
(25.1-26.9) 


27.7 
(26.8-28.6) 


27.6 
(26.8-28.5) ↑ 0.5/year 


↑2008—2010 (1.1/year) 
↔ 2010—2014 


↑2014—2018 (0.9/year) 


Adults meeting guidelines for aerobic physical activity and muscle-strengthening activity 


18.2 
(17.5-19.0) 


19.0 
(18.3-19.7) 


20.6 
(19.9-21.3) 


20.8 
(20.2-21.5) 


20.6 
(20.0-21.2) 


20.8 
(20.1-21.4) 


21.3 
(20.6-22.0) 


21.4 
(20.8-22.1) 


22.5 
(21.7-23.3) 


24.3 
(23.5-25.2) 


24.0 
(23.2-24.9) ↑ 0.5/year None 


Adolescents meeting aerobic physical activity guideline—Physically active ≥ 60 minutes per day on 7 days/week 


- - - 28.7 
(27.1-30.3) - 27.1 


(25.5-28.8) - 27.1 
(25.4–28.8) - 26.1 


(24.1–28.3) - ↔ None 


Adolescents meeting guideline for muscle-strengthening activity—Muscle-strengthening activities on ≥ 3 days/week 


- - - 55.6 
(53.6-57.5) - 51.7 


(49.6-53.9) - 53.4 
(51.1–55.6) - 51.1 


(47.5–54.7) - ↔ None 


Adolescents meeting guidelines for aerobic physical activity and muscle-strengthening activity 


- - - 21.9 
(19.9-23.9) - 21.6 


(19.6-23.8) - 20.5 
(18.4-22.7) - 20.0 


(17.2, 23.0) - ↔ None 


Adult estimates (18+ years) are based on data from the National Health Interview Survey (NHIS). Participation in moderate-intensity aerobic activity includes light- or moderate-intensity activities. Adult estimates are age 
adjusted to the projected 2000 US standard population using 5 age groups: 18–24, 25–34, 35–44, 45–64, and ≥65 years. Adolescent estimates (high school students) are based on data from the Youth Risk Behavior 
Surveillance System (YRBSS). 
* Based on trend analyses using logistic regression models (adult models controlled for age). No significant or higher-order trends were identified for adolescents. For adults, significant linear and higher-order trends (p < 
0.05) were present for all measures. When higher-order trends were present, the best-fitting model was identified using JoinPoint software. The average annual percentage point change is the slope of the linear trend line 
for the whole period or for segments identified in JoinPoint (high aerobic and muscle-strengthening guidelines). 












Prehabilitation: preparing patients for surgery
Major surgery is like running a marathon—and both require training


Venetia Wynter-Blyth consultant nurse, Krishna Moorthy consultant surgeon


Oesophago-gastric cancer surgery unit, Imperial College Healthcare NHS Trust, St Mary’s Hospital, London, UK


The impact of surgery leads to significant homeostatic
disturbance.1 The surgical stress response is characterised by
catabolism and increased oxygen demand. The extent and
duration of the stress response is proportionate to the magnitude
of surgery and the associated risk of developing postoperative
complications.2


Patients who experience postoperative complications within 30
days of surgery have a reduced long term survival rate.3 Even
in the absence of complications there is a 20-40% reduction in
postoperative physical function and a significant deterioration
in quality of life after major surgery.4


The demand for surgical services is increasing as a result of an
expanding, ageing population. Added to which, patients are
becoming more “high risk” as they are often elderly, frail, and
obese. These factors are not only associated with adverse
postoperative outcomes but may negatively impact on decision
making and, consequently, fair access to surgery.5


To date, efforts to improve outcomes and access have
predominantly focused on improving surgical and anaesthetic
techniques. Enhanced recovery protocols have contributed to
early recovery, but their focus is largely on in-hospital care in
the immediate postoperative period. Current approaches fail to
acknowledge the role of the patient in optimising their eligibility
for surgery and improving surgical outcomes.
Prehabilitation represents a shift away from the impairment
driven, reactive model of care towards a proactive approach
that enables patients to become active participants in their care.
The concept of prehabilitation is analogous to marathon training:
it is based on the principle that structured and sustained exercise
over a period of weeks leads to improved cardiovascular,
respiratory, and muscular conditioning.6 Exercise in preparation
for surgery is associated with a lower postoperative complication
rate7 and earlier restoration of functional status.8 While the
precise mechanism of action is unclear, it seems logical that
preconditioning enables patients to better withstand the
postoperative stress response.
Restoring function and getting back to normal daily life is a
priority for most patients having major surgery. Efforts to
improve recovery through rehabilitation are focused on the
postoperative period. This may not, however, be the best time


to promote lifestyle changes, such as exercise. Prehabilitation
is a strategy to begin the rehabilitation process before surgery,
and an opportunity to tackle the management of a number of
risk factors such as anaemia and malnutrition which may have
an adverse effect on functional capacity and ultimately on
postoperative outcomes, including recovery (fig 1).


Fig 1 Prehabilitation triangle


Exercise, when prescribed in a healthcare setting, is a complex
intervention. Initiation and adherence is determined by
behavioural, psychological, physiological, environmental, and
social factors. A thorough understanding of all these factors is
critical to the success of exercise based prehabilitation
programmes.
Extending the marathon analogy, training for sport includes
mental preparation and confidence building to maintain a
positive attitude and self motivation. Similarly, prehabilitation
programmes acknowledge the multidimensional aspects of
preoperative preparation to include nutritional, psychological,
and behavioural interventions in addition to exercise.9
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Prehabilitation is offered at many institutions internationally,
demonstrating that it is feasible to integrate into perioperative
pathways in diverse settings. However, delivery is variable
according to specialty, patient risk profile, and the availability
of resources and expertise. Ongoing clinical trials may help
identify the best prehabilitation models and delivery options to
optimise outcomes including recovery and cost effectiveness.
While a majority of programmes are based in hospitals or health
facilities, this may not be ideal as commuting and cost can be
barriers for those high risk patients most in need of
prehabilitation. Research suggests that home based exercise is
also feasible and safe, with comparable outcomes to supervised
programmes.10


However, success hinges on two key factors: firstly, programmes
should be personalised. Secondly, they should include regular
support or contact—through weekly telephone calls, for
example—from the healthcare team or specialist centre to help
maintain motivation, provide feedback, and modify the
programme when needed.
Just as athletes are unlikely to abandon exercise following
completion of a marathon, prehabilitation before surgery is an
opportunity for long term changes in lifestyle. The preoperative
period can be a “teachable moment” since deteriorating health,
which is ordinarily perceived as a barrier to exercise, can be
harnessed to motivate people to adopt healthier lifestyles for
good. Healthcare professionals have an important role to play;
their endorsement of exercise at the outset is closely linked to
its successful initiation and long term continuation.11


Worldwide, at least 230 million people have major surgery
every year12 and this number is likely to increase with an
expanding and ageing population and improved access to
healthcare. On average, every person will undergo approximately
six surgical procedures in their lifetime.13 Statistically, therefore,
we are all preoperative.
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Preoperative Preparations
for Enhanced Recovery After


Surgery Programs


A Role for Prehabilitation

Gabriele Baldini, MD, MSca, Vanessa Ferreira, MSca,b,
Francesco Carli, MD, MPhila,*

KEYWORDS


� ERAS � Preoperative assessment � Preoperative optimization � Prehabilitation


KEY POINTS


� Preoperative risk assessment, stratification, and optimization require a multidisciplinary
approach, and should not be exclusively focused on patients’ comorbidities.


� Preoperative risk assessment and stratification are valuable only if subsequent targeted
optimization of patient care is allowed.


� Preoperative optimization requires time; early assessment of high-risk surgical patients is
essential to facilitate appropriate optimization.


� The process of enhancing functional capacity of the individual to enable the patient to
withstand the incoming surgical stressor has been termed prehabilitation.


� Multidisciplinary programs, such as prehabilitation, can address modifiable risk factors
that may impact treatment outcomes.

INTRODUCTION


Almost 20 years ago, the concept of “fast track” was proposed with the understanding
that it was necessary to revise surgical practice in view of the long hospital stay, high
postoperative morbidity, and increasing health costs.1,2 It was necessary to move for-
ward from unimodal to multimodal interventions if surgical recovery was to be accel-
erated and morbidity reduced. In subsequent years, the Enhanced Recovery After
Surgery (ERAS�) society was formed3 with the intention to promote a multimodal
and systematic approach to perioperative management and decrease postoperative
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E-mail address: franco.carli@mcgill.ca


Surg Clin N Am 98 (2018) 1149–1169
https://doi.org/10.1016/j.suc.2018.07.004 surgical.theclinics.com
0039-6109/18/ª 2018 Elsevier Inc. All rights reserved.


nloaded for Anonymous User (n/a) at Northwestern University - Evanston from ClinicalKey.com by Elsevier on February 16, 2019.
For personal use only. No other uses without permission. Copyright ©2019. Elsevier Inc. All rights reserved.



mailto:franco.carli@mcgill.ca

http://crossmark.crossref.org/dialog/?doi=10.1016/j.suc.2018.07.004&domain=pdf

https://doi.org/10.1016/j.suc.2018.07.004

http://surgical.theclinics.com





Baldini et al1150


Download

morbidity as a result of standardized surgical care.4 Surgeons began developing the
infrastructure of ERAS and realized that it was necessary to involve other health pro-
viders if ERAS was going to achieve its goals. Clearly anesthesiologists, surgical
nurses, physiotherapists, and nutritionists were needed to develop a sustainable pro-
gram that would cover the whole surgical trajectory, from the preoperative clinic to
hospital discharge. Many of the elements of the program, to name a few, carbohydrate
drink, opioid-sparing analgesia, and intravenous fluid administration, are part of the
anesthesia practice.5,6 Knowledge on the underlying mechanisms of the stress
response to surgery (endocrine, metabolic, and immunologic) and how to attenuate
this response to prevent some of its negative effects (eg, increased oxygen consump-
tion, cardiac demands, decreased gastrointestinal motility, pain) can facilitate the re-
covery process if integrated in the whole ERAS program. The anesthesiologist needs
to be involved in various aspects of the ERAS program, for example, in the preoper-
ative evaluation and optimization of preexisting organ dysfunction, the revision of fast-
ing policy, the explanation to the patients and their families about the type of
anesthesia and analgesia to be administered, the choice of perioperative care specific
to the planned surgical procedure and with optimal intraoperative homeostasis and
minimal organ dysfunction, thus facilitating rapid emergence and return of organ
functions.
The implementation of procedure-specific ERAS protocols needs “champions” in


various perioperative disciplines who need to meet regularly and review practice
guidelines within the institution.7 The anesthesiologist, as part of the group, must be
aware of the continuous innovations in perioperative care and, as such, be flexible
enough to make some changes in clinical practice and facilitate the implementation
of the fast-track program. The present article has been written with the intention of
addressing specific issues related to preoperative care, specifically in the context of
ERAS programs. It provides evidence-based clinical approaches to best care starting
in the preoperative clinic, where patients are informed about anesthesia and analgesia
techniques, their health status is evaluated, and suggestions are given on how to
improve functional capacity before surgery.

MINIMIZING THE SURGICAL STRESS RESPONSE: GENERAL CONSIDERATIONS


Surgery elicits a cascade of events that are broadly referred to as the stress response.
This response is characterized by an increased release in neuroendocrine hormones
and activation of the immune system via the upregulation of various cytokines. The
combination of both a systemic inflammatory response and hypothalamic-
sympathetic stimulation acts on target organs, including the brain, heart, muscle,
and liver.8 Central to the physiologic changes characterized by the inflammatory
response is the relatively acute development of insulin resistance, which represents
the main pathogenic factor modulating perioperative outcome, and it can be defined
as an abnormal biological response to a normal concentration of insulin.9 Insulin con-
trols glucose, fat, and protein metabolism, and a change in insulin sensitivity by the
cell, later the metabolic response. Hyperglycemia and protein breakdown represent
the 2 main consequences of the low insulin sensitivity initiated by surgical insult.
Besides metabolic states such as cancer, obesity, diabetes, frailty, and sarcopenia,


which characterize a preoperative state of insulin resistance, some intraoperative and
postoperative elements that lead to a decrease in insulin sensitivity need to be
mentioned: fasting, pain, bed rest, and fatigue.
As the pathophysiology of the stress response is multifactorial, it would make


sense to plan a series of interventions aimed at attenuating the initiation of an
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insulin-resistant state. To that extent, the anesthesiologist, working as a team with
the surgeon and the rest of the perioperative group, should consider a multimodal
interventional strategy that could include the following: preoperative optimization
and carbohydrate drink, neural de-afferentation, physiologic homeostasis, achieve-
ment of optimal nutritional and metabolic status, and enhancement of physical
mobility.

PREOPERATIVE RISK ASSESSMENT, STRATIFICATION, AND CLINICAL OPTIMIZATION


Preoperative risk assessment and stratification are valuable only if subsequent,
targeted optimization of patient care is allowed. The ultimate goal is to reduce post-
operative morbidity and mortality, and facilitate surgical recovery. Surgery and
organ-specific preoperative scoring systems can be integrated into preoperative
clinical assessment to identify high-risk patients.10 Similarly, biomarkers such as brain
natriuretic peptide (BNP) and pro-BNP can also be used to estimate postoperative
morbidity, further enhancing risk assessment and stratification.11


Poor preoperative functional status has been associated with increased morbidity
andmortality, and prolonged surgical recovery.12–15 Preoperative assessment of func-
tional capacity can identify patients with poor functional status (low cardiopulmonary
reserve) at high risk of developing postoperative complications and who are likely to
benefit from preoperative prehabilitation and optimization.16,17 It is commonly esti-
mated by measuring metabolic equivalents or alternatively by using several functional
tests, such as the 6-minute walking test (6MWT).14–16


Cardiopulmonary exercise testing (CPET) is a low-risk, noninvasive preoperative
test that can more precisely and objectively determine functional capacity by
measuring maximum oxygen consumption (VO2max) and anaerobic threshold (AT).
Peak oxygen consumption (VO2peak), which is considered essentially similar to VO2max,
is more frequently used in clinical practice because surgical patients are not often able
to achieve or are not sufficiently motivated to reach maximum oxygen uptake. AT
should always be expressed as a percentage of the VO2max, as oxygen consumption
physiologically declines with aging.18 Other parameters, such as pulmonary gas ex-
change and lactate, also can be obtained to interpret CPET main results. The results
of the CPET can adequately inform perioperative physicians about the patient’s ability
to cope with the increased metabolic demand induced by surgical stress. Its use to
stratify preoperative risk and identify high-risk patients requiring preoperative optimi-
zation, or to better allocate medical resources for the most vulnerable patients (ie,
intensive care unit admission) has increased in the past 30 years. In fact, several
observational studies in patients undergoing cardiovascular, thoracic, and abdominal
surgery have shown that oxygen consumption at the AT less than 10 to 11 mL/kg per
minute or VO2peak less than 15 mL/kg per minute19 can identify patients at high risk of
developing postoperative complications.20–26 Similarly, reduced AT has also been
associated with increased mortality in the immediate postoperative period.27–32 More-
over, in a large prospective observational study (n 5 1725), the addition of CPET vari-
ables derived at AT improved the accuracy of other clinical (vital capacity),
demographic (gender), and surgical variables (type of surgery) predicting long-term
survival after thoraco-abdominal surgery33 (Table 1). Candidates for CPET can be
identified based on the presence of clinical risk factors or based on the results of func-
tional tests, such as the 6MWT.14 Interpretation of its results requires a team of experts
and trained caregivers, as determination of AT can be influenced by several factors
and therefore produce misleading results.18 Variation of CPET protocols, interob-
server and intraobserver variation of CPET results, learning effect, and preoperative

nloaded for Anonymous User (n/a) at Northwestern University - Evanston from ClinicalKey.com by Elsevier on February 16, 2019.
For personal use only. No other uses without permission. Copyright ©2019. Elsevier Inc. All rights reserved.







Tab 1
Pre perative CPET and association with postoperative outcomes


Stu y Type of Study, n Surgery
Preoperative
CPET Variables


Postoperative
Outcome Clinically Relevant Results


Ol r et al,27 1993 Observational, 187 Major abdominal
Age >60 y


AT Mortality Higher mortality (18% vs
0.8%) if AT <11 mL/kg/min


Ol r et al,28 1999 Interventional, 548 Intra-abdominal
Age >60 y


AT Mortality 11% mortalitya in patients
with AT < 15 mL/kg/min


0% mortality in patients
with AT > 14 mL/kg/min


Mc ullough, et al,20 2006 Observational, 109 Laparoscopic RGB VO2max Morbidity VO2max <16 mL/kg/min


Sn den et al,21 2010 Major abdominal (colorectal
excluded)


AT Morbidity
LOS


Morbidity LOS AT <10.2 mL/kg/min
predicted >1
postoperative
complications


Wi n et al,29 2010 Observational, 847 Elective colorectal,
nephrectomy, or
cystectomy


Age >59 y


AT Mortality AT <10.9 mL/kg/min
Overall: RR 5 6.8, 95% CI


1.6–29.5)
Patients without cardiac risk


factors
RR 5 10.0, 95% CI 1.7–61.0


We et al,22 2014 Observational, 136 Colorectal surgery AT VO2peak


VE/_VCO2b
Morbidity Patients with at least 1


complication had a
median


AT 5 9.9 mL/kg/min;
VO2peak5 15.2 mL/kg/min;
VE/_VCO2 5 31.3 mL/kg/
min, significantly lower
than patients without
complications (P < .005)
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Grant et al,30 2015 Observational, 506 EVAR AT VO2peak


VE/_VCO2b at AT > 42
1 and 3-y survival _VE/_VCO2 at AT > 42, and


VO2peak < 15 mL/kg/min
independently predict
reduced survival;
reduction in AT
independently predicts
complications


Carlisle et al,31 2007 Observational, 130 Open AAA repair AT _VE/_VCO2 Midterm survival AT HR 5 0$84 (0$72–0$98)
_VE/_VCO2 HR 5 1.13 (95% CI


1.07–1.19)


Epstein et al,32 2004 Observational, 59 Liver transplantation VO2peak


AT
Mortality AT independently


associated with mortality
(adjusted OR 5 14.1,
P 5 .03)


Forshaw et al,23 2008 Observational, 78 Esophagectomy AT VO2peak Morbidity VO2peak lower in patients
with cardiopulmonary
complications
(19.2 mL/kg/min vs
21.4 mL/kg/min, P 5 04)


Nagamatsu et al,24 2001 Observational, 91 Esophagectomy VO2max


AT
Morbidity VO2max independently


predicts postoperative
complications (P 5 .001)


Nugent et al,25 1998 Observational, 30 Open AAA repair VO2peak Morbidity VO2peak < 20 mL/kg/min in
70% patients who had
complications vs 50% in
those who had not


Abbreviations: AAA, abdominal aortic aneurysm; AT, anaerobic threshold; CI, confidence interval; CPET, cardiopulmonary exercise training; EVAR, endovascular
abdominal aortic aneurism repair; HR, hazard ratio; LOS, length of stay; OR, odds ratio; RGB, Roux-en-Y gastric bypass; RR, relative risk of non-survival;
VO2max, maximum oxygen consumption; VO2peak, peak oxygen consumption.


a Estimated by the reported figure.
b Ventilatory equivalent for CO2.


P
re
h
a
b
ilita


tio
n
fo
r
E
R
A
S
P
ro
g
ra
m
s


1
1
5
3


D
ow


nloaded for A
nonym


ous U
ser (n/a) at N


orthw
estern U


niversity - E
vanston from


 C
linicalK


ey.com
 by E


lsevier on February 16, 2019.
For personal use only. N


o other uses w
ithout perm


ission. C
opyright ©


2019. E
lsevier Inc. A


ll rights reserved.







Baldini et al1154


Download

medications (beta-blockers) can all affect the measurement of AT.18 Awareness of
such pitfalls is crucial to avoid taking wrong preoperative clinical decisions.
Reestablishing baseline levels (eg, after neoadjuvant chemo-radiation therapy), or


even improving baseline functional capacity before surgery, can be particularly impor-
tant to increase physiologic reserve, to attenuate the impact of surgical stress, and to
ensure a rapid and safe recovery. Interestingly, the results of a pilot study showed that
the response to neo-adjuvant chemo-radiation therapy in patients treated with an
intense exercise program before surgery was more effective than in patients in the
control group, as demonstrated by a better MRI tumor staging 9 weeks after surgery.34


Surgical patients are frequently anemic preoperatively. In patients undergoing
noncardiac surgery, the prevalence of preoperative anemia is estimated at approxi-
mately 30%35 and has been reported as high as 90% in oncologic patients.36 The
pathogenesis of preoperative anemia is multifactorial: iron deficiency, chronic inflam-
mation, myelosuppression, and renal impairment are the most common causes of
anemia in surgical patients. Several studies have demonstrated an association be-
tween preoperative anemia and adverse outcomes.37 Considering that allogeneic
blood transfusion also has been independently associated with increased morbidity,
mortality, and worse oncologic outcomes,37 early identification of anemic patients is
crucial to facilitate optimization of hemoglobin levels before surgery, without neces-
sarily relying on blood transfusion. However, allogeneic blood transfusions remain
essential to rapidly restore physiologic hemoglobin levels of severely anemic patients.
Correction of preoperative anemia takes time and it can require a multidisciplinary
approach, including anesthesiology and internists, hematology, transfusion medicine,
gastroenterology, and education of all caregivers responsible for surgical pa-
tients.38,39 Despite studies consistently demonstrating an association between preop-
erative anemia and postoperative morbidity and mortality, evidence suggesting that
correcting preoperative hemoglobin levels improves postoperative outcomes is
scarce.39–41 A recent large prospective multicenter cohort study including 129,719
surgical patients showed that implementation of a patient blood management pro-
gram, combining multidisciplinary perioperative interventions to increase and pre-
serve autologous erythrocyte volume, is feasible and safe, and it significantly
reduces the number of red blood cells and the incidence of acute renal failure.42


Finally, it must be considered that anemic patients struggle to be compliant with ex-
ercise programs because of generalized fatigue. Optimizing preoperative hemoglobin
levels in such patients might be beneficial to increase adherence to prehabilitation.
Preoperative screening of nutritional risk, and preoperative nutritional assessment


and optimization also should be part of preoperative evaluation, as poor nutritional
status not only increases the risk of postoperative complications,43,44 but it has also
been associated with worse oncologic outcomes.45 It has been reported that the prev-
alence of malnutrition in patients with cancer ranges between 20% and 70%, depend-
ing on patient age and on the type and stage of cancer.46 In fact, loss of appetite,
metabolic rearrangements induced by the tumor, nausea and vomiting associated
with oncologic treatments, and physical limitations induced by the cancer (eg, gastro-
intestinal obstruction) can significantly compromise the nutritional status of oncologic
patients.44 Identification of malnourished patients or patients at nutritional risk is
crucial, and several validated scoring systems and questionnaires can be used.44 Sur-
gical patients should be routinely screened for malnutrition, and nutritional interven-
tions should be given to malnourished patients and patients at nutritional risk.
Preoperative nutritional interventions, preferably using the enteral route, should be
given for at least 7 days before surgery.44 If the energy and nutrient requirements
cannot be met by oral and enteral intake alone (<50% of caloric requirement),
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parenteral nutrition also should be initiated. In patients in whom enteral nutrition is
contraindicated or not feasible (eg, bowel obstruction), parenteral nutrition should
be commenced as soon as possible.44 Nutritional supplementation might be recom-
mended in non-malnourished patients, as it helps to prevent serious postoperative
complications and to maintain nutrition during the postoperative period.44,47 Although
the role of immunonutrition is controversial, guidelines recommend the administration
of specific formula enriched with immunonutrients in malnourished patients undergo-
ing major cancer surgery.44 It is well established that optimizing nutritional status of
malnourished patients scheduled for surgery decreases postoperative complica-
tions44,48; however, the impact of nutritional interventions on oncologic outcomes re-
mains to be further investigated. A small randomized clinical trial suggested that in
surgical patients with head and neck cancer, preoperative and postoperative arginine
supplementation reduced the infection rate and impact on survival.49 Moreover,
a large retrospective study conducted in the context of an ERAS program demon-
strated that high adherence to ERAS interventions, including those to optimize the
nutritional status of malnourished patients with colorectal cancer scheduled for
surgery, was associated with an improvement of cancer-specific survival and a reduc-
tion of cancer-specific death by 42% (hazard ratio 5 0.58, 95% confidence inter-
val 5 0.39–0.88).50


The preoperative period also should be considered as an opportunity to change un-
healthy lifestyle behaviors, such as smoking, and improve long-term outcomes.51 Pre-
operative intense smoking cessation programs, including nicotine replacement
therapy and patient counseling, have been associated with fewer postoperative infec-
tious complications and long-term smoking abstinence, but only if initiated 4 weeks
before surgery.52 Alternatively, shorter interventions, such as preoperative treatment
with Varenicline in association with patient counseling, can be prescribed.53


Psychological evaluation also should be part of the preoperative assessment, espe-
cially for oncologic patients. Despite animal and clinical trials suggesting that psycho-
logical stress can potentiate the stress response associated with surgery and facilitate
cancer metastasis, implementation of psychological strategies in patients with cancer
have failed to improve oncologic outcomes.51 Nevertheless, it has been suggested
that intervening throughout the entire perioperative period might be more beneficial
than treating these patients solely in the postoperative period.51 Moreover, psycholog-
ical optimization has been associated with better postoperative analgesia and less
analgesic consumption.54


Finally, with an aging population that continues to grow, elderly oncologic patients
are more frequently scheduled for surgery. In this population, risk assessment is com-
plex and it should require a multidisciplinary approach. It should not only include the
risk associated with concomitant comorbidities, but also the risk of postoperative
delirium, cognitive impairment, risk of falls, and the patient’s frailty.55

FACILITATORS, BARRIERS, CHALLENGES


Optimal preoperative risk assessment, stratification, and optimization require a multi-
disciplinary approach, including anesthesiologists, internists, nurses, nutritionists, and
smoking cessation facilitators. Implementation of a multidisciplinary preoperative
clinic can facilitate risk assessment and optimization, and it has been associated
with a reduction in postoperative morbidity and mortality.56 It is also a great opportu-
nity to inform patients about their surgical journey, the enhanced perioperative
pathway, and seek for anesthesia consent after detailed discussion of most common
anesthesia techniques.
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Preoperative optimization might be challenging, as patients are frequently sched-
uled to be operated within a few weeks of the surgical diagnosis, leaving little or no
time to optimize high-risk patients. This approach leaves high preoperative risk un-
modified. This is particularly true for patients with cancer who in addition to the risk
associated with their concomitant diseases11,57–61 have specific oncologic conditions
that further increase their risk of developing postoperative complications62 (Fig. 1). If
on the one hand it is commonly believed that immediate surgical resection of the tu-
mor is crucial to avoid cancer recurrence and dissemination, on the other hand it must
also be acknowledged that operating nonoptimized, high-risk patients significantly in-
creases the risk of morbidity and mortality.63 The decision to eventually delay surgery
to optimize high-risk patients should consider the biology of the tumor, tumor staging,
patients’ physical status, and the effectiveness of preoperative interventions aimed at
reducing the surgical risk. Evidence suggesting that postponing elective oncologic
procedures to permit preoperative optimization of high-risk patients does not nega-
tively affect oncologic outcomes is lacking, but urgently needed. In the meantime, pre-
operative evaluation of high-risk oncologic patients should be scheduled as early as
possible, to permit medical and functional optimization.


PREHABILITATION TO INCREASE FUNCTIONAL CAPACITY BEFORE SURGERY
Surgery and Recovery


There is strong evidence that many of the negative immediate effects of surgery and
cancer treatment, such as pain, fatigue, fluid overload, and weakness, can be

Fig. 1. Preoperative determinants of surgical risk in oncologic surgical patients. Surgery.
related factors are not reported. AI/ACD, anemia if inflammation/anemia of chronic dis-
eases; HPA, hypothalamic, pituitary, adrenal; ICP, intracranial pressure; NV, nausea and vom-
iting; RT, radiation therapy; VTE, venous thrombus embolism.
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attenuated if adequate interventions are carried out, thus facilitating a faster recovery
and early hospital discharge.64 It would be of practical benefit if ways of improving
postsurgery physical function and quality of life could be identified. Unfortunately, ef-
forts are made to improve the recovery process by intervening in the postoperative
period, which is not the most opportune time to introduce interventions to accelerate
recovery because patients are tired, depressed, and anxious about further treatment
they might receive. The preoperative period may be, then, a more emotionally oppor-
tune time to intervene while patients are scheduled for extra tests, and are anxiously
waiting for surgery.


Increasing Functional Capacity by Prehabilitation


In the preoperative assessment of patients presenting for surgery, functional capacity
is measured to estimate surgical risk and the need for intervention. As previously
described, low functional capacity is correlated with an increase in postoperative
complications.21,29,65 It would therefore make sense if functional capacity can be
increased before surgery, thus attenuating the postoperative risk. The process of
enhancing functional capacity of the individual to enable him or her to withstand the
incoming surgical stressor has been termed prehabilitation.66,67 The concept of preha-
bilitation began in the orthopedic population (hip and knee arthroplasty) in which the
impact of physical activity/exercise on postoperative outcome following surgery
was addressed. The study of prehabilitation has since expanded to cardiac, vascular,
and abdominal surgery. There is increasing evidence from the literature that preoper-
ative exercise enhances physiologic reserve before and after surgery, with earlier re-
turn to baseline values. Recent systematic reviews reported that compared with
standard care, prehabilitation reduced length of hospital stay and postoperative
complication rate, and improved postoperative pain and physical and physiologic
function68–70; however, interventions based on exercise alone may not be sufficient
to enhance functional capacity. A randomized controlled trial in 112 patients undergo-
ing colorectal surgery who received either a sham intervention of basic recommenda-
tions to walk daily and perform breathing exercises (control group) or a home-based
high-intensity training program (aerobic and resistance exercises) demonstrated that
patients in the control group experienced greater improvements in functional walking
capacity compared with the intervention group.71 Compliance to the high-intensity
training program was only 16%, indicating that the prescribed exercise could not be
maintained. Thus, a multimodal prehabilitation program has been recently proposed
that includes structured aerobic and resistance exercise that is complemented by
nutritional counseling, protein supplementation, and relaxation strategies to attenuate
anxiety. This intervention is based on the understanding of the synergistic effect
achieved by exercise in conjunction with protein administration to maximize muscle
protein synthesis and therefore increase muscle strength.72 The multimodal interven-
tion was conducted in a pilot study73 followed by a randomized controlled trial74 in 164
patients undergoing colorectal resection. Results showed that more than 80% of pa-
tients were able to return to preoperative functional capacity by 8 weeks after surgery
compared with only 40% in the control group.


Exercise Before Surgery


There is overwhelming evidence on the role of exercise in disease prevention, in fact,
regular exercise has been shown to decrease the incidence of ischemic heart dis-
ease, diabetes, stroke, cancer progression, and fractures in the elderly. These
achievements are a result of the various benefits associated with participating in reg-
ular physical activity, such as improvements in aerobic capacity, increased ratio of

nloaded for Anonymous User (n/a) at Northwestern University - Evanston from ClinicalKey.com by Elsevier on February 16, 2019.
For personal use only. No other uses without permission. Copyright ©2019. Elsevier Inc. All rights reserved.







Baldini et al1158


Download

lean body mass to body fat, antioxidant capacity, better insulin sensitivity, and
decreased sympathetic hyperactivity. Therefore, engaging surgical patients in phys-
ical activity and structured exercise programs to improve functional capacity in prep-
aration for surgery is worth exploring; however, the literature on surgical
prehabilitation is limited.
The traditional approach to the preoperative timeframe is to encourage rest to best


prepare the patient for the upcoming surgery and initiate exercise only postopera-
tively as rehabilitation. However, bed rest has deleterious effects on lean muscle
mass, physical function, lower extremity strength/power, aerobic capacity, and ho-
meostasis.75–77 Contrary to this standard, an exercise-mediated intervention initiated
preoperatively, such as prehabilitation, has shown to result in greater improvements
in functional walking capacity throughout the whole perioperative period when
compared with rehabilitation started after surgery72 (Fig. 2). These improvements
are even more meaningful in patients with poorer fitness levels. Patients with lower
baseline walking capacity experienced greater improvements in functional status
with prehabilitation compared with patients with higher fitness.78 However, such pro-
grams are only as effective as the adherence to them. The most commonly reported
barriers for patients with cancer enrolled in a supervised prehabilitation programwere
parking (finding and paying for parking), transportation, and time.79 Last, patient
safety is a priority when participating in an exercise program. Prehabilitation pro-
grams have shown to be safe, even for elderly patients, whether they were delivered
as home-based or center-based programs.34 However, exercise performed under
the supervision of an exercise specialist provides an added safety benefit. Careful
considerations must be taken when developing a prehabilitation program to maxi-
mize adherence and ensure safety, as they can significantly influence the effective-
ness of the program.

Fig. 2. The trajectory of the changes in functional capacity through the perioperative period
in the prehabilitation and the control groups. Patients in the prehabilitation group received
the trimodal intervention (exercise, nutrition, and relaxation strategies) before surgery. Pa-
tients in the control group started the same trimodal intervention (rehabilitation) after sur-
gery. Error bars represent the 95% confidence interval. 6MWD 5 6-minute walk distance.
(FromMinnella EM, Bousquet-Dion G, Awasthi R, et al. Multimodal prehabilitation improves
functional capacity before and after colorectal surgery for cancer: a 5-year research experi-
ence. Acta Oncol 2017;56(2):298; with permission.)
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Exercise Prescription


The term exercise refers to regular physical activity that is planned and structured for
the specific goal of improving or maintaining fitness.80 To better prepare for surgery, a
preoperative exercise program should incorporate the 4 main types of exercise
training: aerobic, strength, balance, and flexibility. Aerobic training stimulates the car-
diovascular system by augmenting ventilator capacity and heart rate. It has been
shown to be effective in improving physical fitness in patients awaiting intracavity sur-
gery,81 as well as improving cancer-related fatigue and quality of life.82 An inexpensive
and easy-to-perform test to assess functional exercise capacity is the 6MWT. The
6MWT has been validated in patients with cancer and is commonly used as a predictor
for postoperative morbidity and mortality; however, it also can be used in the prescrip-
tion of aerobic training, such as a walking program.83


Strength training focuses on resistance exercises to induce muscular contractions,
promoting muscle anabolism, mass, and strength. Increasing lean muscle mass
before surgery is key, given that muscle wasting is a typical phenomenon resulting
from the catabolic effects of surgery in addition to the progressive muscle loss asso-
ciated with aging.84,85 Emphasis should be placed on exercises that reflect functional
movements of daily living (ie, standing up from a seated position, which predominantly
uses quadriceps muscular strength). Strengthening such muscles is particularly
important for older adults, as they are associated with fall risk. Functional fitness tests,
such as the 30-second sit-to-stand and arm curl test, can be used to predict muscular
strength of the lower and upper limbs, respectively.86


In addition to aerobic and strength training, it is equally important to consider bal-
ance and flexibility training as necessary components of exercise prescription, partic-
ularly for the elderly population that is at an increased risk for falls and has limited
range of motion. Given the relatively condensed period in which prehabilitation is be-
ing performed, careful monitoring of the program is of importance.
Just as the prescription of medication requires a specific dosage, delivery form, and


frequency, the prescription of exercise should be given the same degree of precision.
According to the American College of Sports Medicine (ACSM), the prescription of an
exercise program should be tailored to the needs and desired outcomes of the patient
by using the FITT principle87: frequency, intensity, timing, and type. Frequency refers
to how often, usually the number of days per week, the patient should engage in ex-
ercise. The ACSM recommends healthy individuals to engage in aerobic training 3 to
5 days per week, resistance training 2 to 3 days per week, and flexibility/balance
training most days of the week, especially following resistance training.87 Intensity is
the level of exertion experienced during exercise, which can be monitored using the
6 to 20 Borg scale (Fig. 3), a well-validated index of perceived exertion88,89 or by
tracking heart rate. The intensity recommended for aerobic exercise is moderate to
vigorous intensity that is equivalent to 12 to 16 on the Borg scale (somewhat
hard to hard) or a target heart rate between 40% and 85% of heart rate reserve
(HRR).87 Target heart rate is calculated by the Karvonen method: target heart
rate 5 {[(220 – age) – resting heart rate] � percent intensity} 1 resting heart rate.
For resistance exercise, 50% to 70% of 1 repetition maximum (maximal weight that
can be lifted 1 time) in 2 or 3 sets with 8 to 12 repetitions per set has shown to be effec-
tive.87 Time refers to the duration of the exercise, which should be between 20 and
60 minutes for aerobic training and 30 minutes for resistance training.87 For flexibility
training, each stretch should be held for 15 to 30 seconds and repeated 2 to 4 times.87


Finally, type refers to exercise modality and can be any of the 4 types of exercise
mentioned previously. A guide for a FITT exercise prescription is shown in Table 2.
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Table 2
FITT exercise prescription


FITT
Principle
Components Frequency Intensity Time Type


Aerobic
training


3–5 d per wk. Moderate: 40%–60% of
HRR or 11–14 RPE.


Vigorous: 60%–85% of
HRR or �15 on Borg
scale.


20–60 min. Dynamic use of large
muscle groups.


Strength
training


2–3 d per wk. 2–3 sets of 8–12
repetitions.


12–16 RPE.


30 min. 8–10 exercises targeting
major muscle groups.


Flexibility Most days of
the week.


Stretch to tightness but
not to pain.


15–30
seconds/
stretch.
Repeat
2–4 times.


Static stretches
targeting major
muscle groups.


Abbreviations: FITT, frequency, intensity, time, type; HRR, heart rate reserve; RPE, rate of perceived
exertion according to 6–20 Borg scale.
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Another principle that is not included in the FITT acronym is exercise progression.
Progressions to exercise must be considered when adaptations occur and the patient
becomes accustomed to the demands of the exercise performed. This basic training
principle is necessary to ensure that the body is continuously stressed, allowing for
optimal improvements.90 Overloading or progressing the exercise program accord-
ingly can be achieved by increasing either one of the FITT variables; however, it is rec-
ommended to increase frequency and duration before intensity.91


Although there are yet to be specific exercise guidelines for patients awaiting sur-
gery, there is evidence that preoperative exercise improves functional and cardiore-
spiratory fitness, strength, quality of life, and more. However, it is not clear if this
improvement in fitness translates into reduced perioperative risk or improved postop-
erative outcomes.92,93


Role of Nutrition to Increase Muscle Strength


The nutritional status of patients scheduled for surgery is directly influenced by the
presence of cancer, which has an impact on all aspects of intermediary metabolism.
The primary goal of nutrition therapy is to optimize nutrient stores preoperatively and
provide adequate nutrition to compensate for the catabolic response of surgery post-
operatively.94–97 To be successful, a nutrition intervention requires a timeline that needs
to start with preoperative assessment and extend into the postoperative period. The
greater sensitivity of protein catabolism to nutritional support, in particular to amino
acids, could have important implications for the nutritional management of these pa-
tients during periods of catabolic stress, with particular emphasis on substrate utiliza-
tion and energy requirement during the healing process. Protein intake is calculated as
20%of total energy expenditure, determined individually, using a stress factor of 1.3 for
major surgery and an appropriate activity factor.44 Protein requirements are elevated in
stressed states, such as cancer, to account for added demands of hepatic acute phase
proteins synthesis, and the synthesis of proteins involved in immune function and
wound healing. Nonsurgical nutrition oncology guidelines on enteral nutrition suggest
that patients with cancer should consume at least 1.2 to 2.0 g protein/kg per day.
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Dietary protein increases whole body protein synthesis by increasing systemic amino
acid availability. After exercise, the ingestion of amino acids is recommended because
of the stimulatory effect that amino acids have onmuscle protein synthesis98,99 (Fig. 4).
In fact, protein ingestion post resistance exercise has been found to stimulate rates of
myofibrillar protein synthesis above fasting rates for 24 hours.100


Psychological Distress Before Surgery


The presence of psychological distress, specifically anxiety and depression, is very
common in patients with cancer. In fact, Hellstadius and colleagues101 found that
34% and 23% of patients with esophageal cancer waiting for surgery were considered

Fig. 4. Top: Normal fed–state protein synthesis and fasted-state protein breakdown. The
area under the curve in the fed state (A) is equivalent to the fasted loss area under the curve
(B); hence, skeletal muscle mass is maintained by feeding. Bottom: Fed-state protein synthe-
sis and fasted-state protein breakdown in skeletal muscle with performance of resistance ex-
ercise. Fasted-state gains are enhanced by an amount equivalent to the stimulation of
protein synthesis brought about by exercise (C). Additionally, fasted-state losses appear to
be less (D), due to persistent stimulation of protein synthesis in the fasted state. (Adapted
from Phillips SM. Protein requirements and supplementation in strength sports. Nutrition
2004;20(7):691; with permission.)
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anxious and depressed, respectively. Such mental states have shown to negatively
impact surgical and clinical outcomes, such as wound healing, postoperative pain re-
lief, hospital stay, and functional recovery even after known physiologic factors were
accounted for.102 There is evidence in breast, colon, and prostate cancer supporting
the role of psychological interventions implemented before surgery to alleviate
distress, improve quality of life,103 reduce anxiety and depression,103,104 and reduce
pain severity and fatigue.105 These interventions include relaxation techniques (deep
breathing, progressive muscle relaxation, and meditation), guided imagery, and/or
problem-solving and coping strategies. However, these strategies did not affect tradi-
tional surgical outcomes, including length of hospital stay, complications, analgesic
use, or mortality.106


Further Steps


The increasing interest in prehabilitation for surgical cancer patients stems from
growing, however limited, evidence that such multidisciplinary programs can address
modifiable risk factors that may impact treatment outcomes.107 Additionally, in the pa-
tient perspective, prehabilitation shows promising effects on preoperative functional
capacity in anticipation of surgery, and with more research could mitigate the patho-
physiological burden associated with cancer and surgical stress, thus accelerating the
recovery process. Patients with limited reserve can potentially benefit more from a
structured personalized prehabilitation program, as shown recently.72 Although the
prehabilitation approach has the potential for diagnosing reversible limitations in the
preoperative period and targeting intervention strategies to ameliorate postoperative
outcomes, there are still gaps in our understanding of how to identify those patients
who would benefit from the prehabilitation program, select the appropriate interven-
tions, determine the effectiveness in the context of a definite type if surgery, and
examine the impact on patient-centered and clinical outcomes. More needs to be
done and knowledge to be acquired with respect to the prescription of exercise and
the role of immunonutrition within the context of ERAS programs for each specific
type of surgery. This patient-centered, multidisciplinary, and integrated medical
care program should start in the preoperative clinic where vulnerable patients can
be identified, risk stratified adequately by an interdisciplinary team with the aim of
improving surgical outcome, and promoting healthy behaviors throughout the contin-
uum of care.
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RANDOMIZED CONTROLLED TRIAL

Personalised Prehabilitation in High-risk Patients Undergoing
Elective Major Abdominal Surgery

ded Controlled Trial

A Randomized Blin

Anael Barberan-Garcia, MSc,� Marta Ubré, MD,y Josep Roca, Prof. PhD,� Antonio M. Lacy, Prof. PhD,z
Felip Burgos, PhD,� Raquel Risco, MD,y Dulce Momblán, PhD,§ Jaume Balust, MD,y Isabel Blanco, PhD,�


and Graciela Martı́nez-Pallı́, PhD�

Objective: The aim of this study was to assess the impact of personalized


prehabilitation on postoperative complications in high-risk patients under-


going elective major abdominal surgery.


Summary Background Data: Prehabilitation, including endurance exercise


training and promotion of physical activity, in patients undergoing major


abdominal surgery has been postulated as an effective preventive intervention


to reduce postoperative complications. However, the existing studies provide


controversial results and show a clear bias toward low-risk patients.


Methods: This was a randomized blinded controlled trial. Eligible candidates


accepting to participate were blindly randomized (1:1 ratio) to control


(standard care) or intervention (standard careþ prehabilitation) groups.


Inclusion criteria were: i) age >70 years; and/or, ii) American Society of


Anesthesiologists score III/IV. Prehabilitation covered 3 actions: i) motiva-
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physical activity. The main study outcome was the proportion of patients


suffering postoperative complications. Secondary outcomes included the


endurance time (ET) during cycle-ergometer exercise.


Results: We randomized 71 patients to the control arm and 73 to intervention.


After excluding 19 patients because of changes in the surgical plan, 63


controls and 62 intervention patients were included in the intention-to-treat


analysis. The intervention group enhanced aerobic capacity [DET 135 (218)


%; P < 0.001), reduced the number of patients with postoperative compli-


cations by 51% (relative risk 0.5; 95% confidence interval, 0.3–0.8; P ¼
0.001) and the rate of complications [1.4 (1.6) and 0.5 (1.0) (P¼ 0.001)] as


compared with controls.


Conclusion: Prehabilitation enhanced postoperative clinical outcomes in


high-risk candidates for elective major abdominal surgery, which can be


explained by the increased aerobic capacity.


Keywords: aerobic capacity, aerobic exercise, exercise training, major


abdominal surgery, major surgery, perioperative complications, physical


activity, postoperative complications, prehabilitation, preoperative


optimization


(Ann Surg 2018;267:50–56)


M ajor abdominal surgery is associated with high rate of post-
operative complications.1 Moreover, a transient but marked


postoperative reduction of functional capacity is observed in these
patients, even in the absence of complications.2


Individual aerobic capacity determines preoperative func-
tional reserve which, in turn, is negatively associated with post-
operative morbi-mortality.3,4 Accordingly, it can be hypothesized
that preoperative interventions aiming at enhancing maximum oxy-
gen uptake and increasing physical activity, such as prehabilitation,
may contribute to reduce postoperative complications.


Prehabilitation is defined as a preparatory intervention aiming
at reducing perioperative complications wherein both enhanced
aerobic capacity, through supervised endurance exercise training,
and promotion of physical activity play central roles.5


A comprehensive systematic review on elective intracavity
surgery6 acknowledges positive effects of prehabilitation on patients’
fitness, but indicates limited evidence of impact on postoperative
clinical outcomes in candidates for elective cardiac, abdominal and
pulmonary surgical procedures. Moreover, available studies are
clearly biased toward assessment of low-risk candidates for surgery
and their methodological heterogeneity7,8 results in limited compa-
rability. Therefore, there is a clear need for randomized control trials
(RCT) to assess the effects of prehabilitation in candidates for major
surgery showing high risk for perioperative complications.


The present research relies on the assumption that elderly
patients with multimorbidities are prone for perioperative compli-
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cations and, consequently, they are the most likely to benefit from
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prehabilitation programs. Accordingly, the aim of the present inves-
tigation was to evaluate the impact of a personalized preoperative
holistic intervention having high-intensity endurance exercise train-
ing and promotion of physical activity as key actionable factors to
prevent postoperative complications in high-risk patients undergoing
elective major abdominal surgery.


METHODS


Study Design
The research was designed as a randomized blinded controlled


trial carried out at Hospital Clı́nic de Barcelona. The Ethics Com-
mittee for Clinical Research of Hospital Clı́nic de Barcelona
approved the study (CEIC 2013/8579). The informed consent was
understood, accepted, and signed by all subjects included in the trial.
The study protocol is displayed at https://clinicaltrials.gov/ct2/show/
NCT02024776.


Subjects
A consecutive sample of high-risk candidates for elective


major abdominal surgery was recruited from the outpatient’s clinics
of Hospital Clı́nic de Barcelona. All eligible patients fulfiled the
following inclusion criteria: i) candidate to elective major abdominal
surgery; ii) high risk for surgical complications defined by: age > 70
years and/or American Society of Anesthesiologists score III/IV9; iii)
duke Activity Status Index score � 4610; and iv) preoperative
schedule allowing for at least 4 weeks for the prehabilitation
intervention. Exclusion criteria encompassed: i) nonelective surgery;
ii) unstable cardiac or respiratory disease; iii) locomotor limitations
precluding exercise training; and iv) cognitive deterioration imped-
ing adherence to the program.


Randomization and Masking
Following the routine practice in our institution, candidates for


elective major abdominal surgery were scheduled for a preoperative
assessment with an anesthesiologist. During the visit, eligible can-
didates were randomized and invited to participate in the study and
those who agreed were enrolled in the trial after signature of the
informed consent. For oncologic patients, this visit was just after
confirmation of cancer diagnosis even when the study of cancer stage
was not yet completed.


Patients were blindly randomized to the 2 study arms using a
1:1 ratio: i) standard preoperative care (control group) or ii) standard
preoperative careþ prehabilitation (intervention group). Assignment
to group allocation was carried out by means of a computer-gener-
ated random number through a web-based centralized procedure with
an https security protocol hosted by the Biostatistics and Data
Management Platform from our Institution. The randomization
was done by means of the SAS Proc Plan System procedure (version
9.1.3 Service Pack 3 or superior). The collaborating anesthesiologists
and surgeons who attended and followed the patients to register
perioperative incidents by daily chart review were blinded to the
patients’ group allocation.


Procedures
Baseline assessment of the patients was done within 1 week


after the preoperative assessment visit. Prehabilitation was initiated
in the intervention group immediately after baseline assessment.
Moreover, all participants were reassessed the week before the
surgical procedure.


Standard care consisted of physical activity recommendation,
nutritional counseling, and advices on smoking cessation and
reduction of alcohol intake. Moreover, patients suffering from
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iron-deficiency anemia received intravenous iron and in those at


� 2017 Wolters Kluwer Health, Inc. All rights reserved.

high-risk of malnutrition (Malnutrition Universal Screening Tool
�211) nutritional intervention was done by a registered dietician.


The intervention group underwent a personalized prehabili-
tation program based on their health conditions and social circum-
stances.12 The program was mostly performed in the community
setting. Accordingly, the prehabilitation intervention encompassed 3
major steps: i) motivational interview to assess patient’s adherence
profile and to codesign the characteristics of the physical activity
program with the patient; ii) personalized program to promote daily
physical activity; and iii) supervised high-intensity endurance exer-
cise training program. The intervention was tailored to each patient
by a specialized physiotherapist taking into account several charac-
teristics of the patient, namely clinical complexity (primary disease
and co-morbidities), fitness, logistics (proximity to the hospital,
facilitators and barriers for physical activity including degree of
patient’s dependence, among others) and adherence profile of the
candidate assessed through the motivational interview. An additional
aim of the interview was to reinforce patients’ motivation and to raise
the compromise with the behavior change regarding the program
objectives. In a constructive atmosphere, the physiotherapist shaped
the interview with the goal to optimize the patient’s potential to drive
the change toward a more active lifestyle. The interview was done
according to the following rules: i) avoid the passive speech format,
imperative forms, discussions, and situations generating resistance;
ii) allow the subject to expose his/her fears, barriers, and doubts and
empathize to understand his/her situation and therefore facilitate
accomplishment of the specific needs; and iii) generate summaries of
the information obtained while highlighting the positive aspects and
fostering self-efficacy. Additional patient empowerment was
reinforced during the supervised training sessions described below.


The nonsupervised program promoting physical activity was
mainly focused on 2 objectives: i) increasing patient’s steps per day,
measured by a pedometer (Walking style X; Omron; Kyoto, Japan);
and/or ii) optimization of walking intensity, assessed by the Borg
scale.13 International recommendations on step-based physical
activity14,15 were used as a theoretical frame to set up the objectives.
Moreover, patients with severely reduced aerobic capacity and/or
physical activity were empowered on home-based functional exer-
cises (ie, sit-to-stand exercise, stairs climbing, elastic bands, indoor
walking, among others) to decrease sedentary behavior at home.
Patients were asked to report in a diary on a daily basis the number of
steps per day, the intensity of non-supervised walks and/or home-
based functional exercises during the entire prehabilitation period.
The information was reviewed out and registered by the physio-
therapist during the outpatient training sessions described below.


The supervised program consisted of a high-intensity endur-
ance training performed on the cycle-ergometer stationary bicycle
(Jaeger ER 550; Wüerzburg, Germany). The program was 1 to 3
sessions per week and personalized to the subject. Each session
included 5 minutes of warm-up cycling at 30% of the peak work-rate
achieved in a standard cardiopulmonary exercise testing (WR), 37
minutes of interval training, and 5 minutes of cool-down pedaling at
20% of peak WR. The interval training combined 2 minutes of high-
intensity pedaling and 3 minutes of active rest. Work-rate progress
during the prehabilitation period was tailored on individual basis,
according to subjects’ symptoms, to maximize the training effect.
During the first 2 weeks, high-intensity pedaling interval was at least
70% of peak WR and the active rest interval was at least 40% of peak
WR. Thereafter, work-rate was increased by approximately 5% every
week up to a maximum of 85% of peak WR during the last week for
the high-intensity period and 50% of peak WR for the active rest. The
cycling rate during the sessions was maintained at 60 to 70 rpm.
Pulseoximetry (Konica-Minolta; Pulsox-300; Osaka, Japan) and


13
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levels of self-perceived exertion were monitored during the
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FIGURE 1. Flow-chart of the study.
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sessions. As described above, the supervised training sessions were
also used to reinforce the personalized objectives codesigned in the
motivational interview. Those objectives were revisited and modi-
fied, if necessary, to optimize patient’s performance.


Outcomes
The primary outcome variable of the study was the number of


patients with postoperative complications defined as any deviation
from the normal postoperative course and classified following the
standards of the European Society of Anaesthesiology and European
Society of intensive Care Medicine.16 Secondary outcome variables
were: i) number and severity of postoperative complications using
Dindo-Clavien classification17; and ii) hospital and intensive care unit
(ICU) days of stay. Other outcome variables included: i) endurance
time (ET) measured by a cycling constant work-rate exercise testing at
80% of peak oxygen uptake18 (Ergocard Professional; Medisoft;
Sorinnes, Belgium); ii) distance covered in the 6-minute walking
test19; iii) physical activity by the Yale physical activity survey
(YPAS)20; iv) self-perceived health status by the Short Form (36)
health survey (SF-36)21; and v) psychological status by the Hospital
Anxiety and Depression scale.22 In addition to clinical history and
physical examination, the following descriptive tests were also
included: i) standard cardiopulmonary exercise testing on cycle-ergo-
meter23 (Ergocard Professional); and ii) Resting pulmonary function
testing (BodyBox Plethysmography; Medisoft; Sorinnes, Belgium).


Statistical Analysis
The calculation of the sample size was done using nQuery 7.0 and


taking the reduction of the rate of patients with postoperative compli-
cations as main outcome. Taking data of a similar group of patients
underwent colorectal surgery in our hospital in whom the complication
rate was of 30%, and accepting an a-risk of 0.05 and b-risk of 0.20 in a 2-
sided test, anticipating 20% of drop-outs, indicated the need of including
70 participants per group to detect a reduction of the percentage of
patients with complications in the intervention group compared with the
control group�20%. Results are presented as mean (SD) or n (%) when
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indicated. Comparisons were done using chi-square or Fisher exact tests
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for categorical variables, and Student’ or Wilcoxon tests, depending on
the distribution of the variables, for numerical variables.


Role of Funding Source
The funder of the study had no role in study design, data


collection, data analysis, data interpretation, or writing of the report.
The corresponding authors had full access to all the data in the study
and had final responsibility for the decision to submit for publication.


RESULTS


Baseline Characteristics of the Study Group
Between February 3rd, 2013, and June 13th, 2016, we


assessed for eligibility a total of 209 candidates to be included in
the research, as displayed in the study flow (Fig. 1). From the initial
sample of patients, 65 were considered as ineligible because they did
not meet inclusion criteria. Therefore, 144 high-risk patients (69%)
were subsequently randomized, 71 allocated to the control group and
73 to the intervention. Nineteen of the 144 patients did not receive an
operation and thus were excluded from all analysis. Baseline charac-
teristics of participants, including complexity and duration of the
surgical approach, in the intention-to-treat population were balanced
across the 2 study groups (Table 1).


Prehabilitation Intervention
The mean duration of the prehabilitation program was 6 (2) weeks


and during this period patients attended 12 (5) supervised exercise
training sessions. No intervention patient reported any relevant incidence
during the prehabilitation period. At program discharge, patients in the
intervention group showed an improvement of 135 (218) % in ET (P<
0.001) and 37 (16) points in the YPAS (P< 0.001) but not in quality of
life or psychological status. However, baseline values of all variables
remained unchanged in the control group (Table 2).


Impact of the Intervention
Intraoperative parameters were equivalent in the 2 groups.
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Nevertheless, the intervention group showed a trend toward lower
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TABLE 1. Baseline Characteristics of the Intention-to-treat
Population


Control
(n ¼ 63)


Intervention
(n ¼ 62)


Sex
Male 51 (80%) 43 (68%)
Female 12 (20%) 19 (32%)


Age, y 71 (10) 71 (11)
BMI, kg/m2 22 (7) 21 (7)
FEV1 (%) 84 (25) 79 (24)
DLco (%) 71 (18) 69 (19)
Smoking status


Never smoker 4 (6%) 6 (10%)
Former smoker 40 (63%) 37 (60%)
Current smoker 20 (31%) 20 (32%)


Chronic drug therapy� 25 (39%) 20 (32%)
ASA index


II 24 (38%) 19 (30%)
III 36 (56%) 43 (68%)
IV 4 (6%) 1 (2%)


Adjusted Charlson index 7 (8) 7 (9)
Oncologic surgery 48 (75%) 48 (76%)
Type and complexity of surgery
High surgical aggression


Esophagectomy 5 (8%) 8 (13%)
Pancreaticodoudenectomy 1 (2%) 3 (5%)
Total gastrectomy 5 (8%) 0 (0%)


Intermediate surgical aggression
Gastric bypass 6 (10%) 3 (5%)
Total colectomy 1 (2%) 3 (5%)
Rectal resection 10 (16%) 7 (11%)
Major liver resection 1 (2%) 2 (3%)
Pancreas resection 1 (2%) 2 (3%)


Minor surgical aggression
Partial gastrectomy 2 (3%) 1 (2%)
Sleeve gastrectomy 4 (6%) 5 (8%)
Segmental colon resection 26 (41%) 28 (45%)
Minor liver resection 1 (2%) 0 (0%)


Data are n (%) or mean (SD). BMI indicates body mass index; ASA, American
Society of Anesthesiologists; FEV1, forced expiratory volume in the first second; DLco,
diffusion capacity of the lung for carbon monoxide.


��5 Drugs.
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requirement of vasoactive drugs during surgery, as compared with the
control group (P ¼ 0.053) (Table 3).


The incidence of complications in the overall sample of
patients was 46%. When stratifying by groups, the intervention
group showed a lower rate of complications, 31% versus 62%, than
the control group (P ¼ 0.001). Accordingly, the estimated relative
risk (RR) for complications demonstrated that prehabilitation inter-
vention has a protective role for postoperative complications: RR 0.5,
95% confidence interval (CI), 0.3–0.8 (Table 4).


Among the secondary outcomes, the intervention group
showed lower mean number of complications per patient: lower rate
of cardiovascular complications (RR 0.1, 95% CI, 0.1–1.0), less
infection of uncertain source (not possible to calculate RR), and
lower rate of paralytic ileus (not possible to calculate RR) when
compared with control group (Table 4). Moreover, the intervention
significantly reduced the length of stay in the ICU, as showed in the
sensitivity analysis including only those patients admitted in the ICU
[(n ¼ 44) 3 (2) vs 12 (20) days for intervention and control group
respectively; P ¼ 0.046].


The sensitivity analysis restricted to patients with compli-
cations showed a protective role of prehabilitation for having >1

 Copyright © 2017 Wolters Klu


complication (n ¼ 58; RR 0.6; 95% CI, 0.3–1.1). Nevertheless, no
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effects on severity of complications were observed using the Clavien-
Dindo classification.


Likewise, similar results for primary outcomes were achieved
in by-protocol analysis (110 (88%) of 125 patients in the intention-to-
treat population).


DISCUSSION


This is the first randomized blinded controlled trial assessing
the impact of a prehabilitation intervention on perioperative com-
plications in high-risk patients undergoing major abdominal surgery.
The main finding of the study showed that prehabilitation was a
protective factor for postoperative complications in high-risk can-
didates for elective major abdominal surgery. Moreover, the sensi-
tivity analysis reinforced the role of prehabilitation preventing >1
complication and reducing the days of ICU stay. Our investigation
demonstrated that high-intensity endurance exercise training is
feasible and safe in elderly and/or multimorbid candidates to major
abdominal surgery.


Available reports on prehabilitation programs for candidates
to elective surgery show heterogeneous designs in terms of duration
of the intervention and modalities of exercise training. The duration
of the prehabilitation program is dependent upon the interval of time
before surgical date, which, in turn, is highly modulated by organ-
izational aspects of healthcare providers, as well as by type of
surgical intervention. Reported lengths of the prehabilitation pro-
grams range from 3 to 6 weeks in cancer abdominal surgery8 and
from 2 to 10 weeks in cardiac surgery.7,24


Regarding the modalities of exercise training carried out in
prehabilitation programs, the reports include endurance exercise
training, resistance training, inspiratory muscle training, or a com-
bination of all these approaches.7,8,24–27 In a recent systematic
review, Katsura et al24 concluded that preoperative inspiratory
muscle training seems to be effective to reduce pulmonary compli-
cations and length of hospital stay in patients undergoing cardiac or
major abdominal surgery. However, the impact of enhanced aerobic
capacity on undesirable postoperative clinical events has been poorly
documented.6 To our knowledge, there is only 1 robust RCT7


including endurance training as part of the prehabilitation program.
In this trial, O’Doherty et al7 assessed the impact of enhanced aerobic
capacity in low-risk patients undergoing coronary artery bypass graft
surgery showing positive effects on both hospital and ICU length of
stay; however, the rate of complications did not differ between the
groups. However, in major intra-abdominal surgery, the trials assess-
ing the effect of enhanced aerobic capacity on postoperative com-
plications failed to find differences between control and
prehabilitation groups probably because of methodological weak-
nesses like poor statistical power and/or low-to-moderate intensity of
exercise training.8 The methodological strengths of the present study
overcome limitations observed in previous reports and provides
evidence to support a relationship between enhanced aerobic
capacity (increased ET) and reduction of surgical complications
induced by prehabilitation (Tables 2 and 4). The sensitivity analysis
performed in the present study showed prehabilitation as a protective
intervention for having >1 complication (n ¼ 58; RR 0.6; 95% CI,
0.3–1.1) and reducing ICU days of stay [n ¼ 44; 12 (20) vs 3 (2)
days; P ¼ 0.046]. It is of note that the intervention had no detectable
effects on quality of life and psychological status (Table 2). It could
be argued that the short duration of the program [mean 6 (2) weeks]
and the absence of specific psychological intervention may explain
the lack of impact of the program on both quality of life and
psychological status.


The present study encompasses a wide spectrum of major
abdominal surgeries representative of the palette of conditions
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attended in a digestive surgery department. The study design
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TABLE 2. Impact of the Intervention on Aerobic Capacity, Quality of Life, Psychological Status and Physical Activity (Data Only
Available From the By-protocol Population)


Control (n ¼ 56) Intervention (n ¼ 54)


Baseline Presurgery P Baseline Presurgery P


Aerobic capacity
Endurance time, s 323 (168) 362 (215) 0.118 325 (151) 765 (395) <0.001
6MWT, min 471 (95) 469 (109) 0.804 472 (94) 473 (91) 0.953


Quality of life
SF-36 physical functioning 46 (9) 46 (9) 0.807 45 (9) 46 (10) 0.379
SF-36 physical role 47 (12) 48 (10) 0.453 46 (12) 49 (10) 0.206
SF-36 bodily pain 50 (13) 49 (12) 0.518 48 (11) 49 (10) 0.621
SF-36 general health 43 (10) 43 (9) 0.907 41 (8) 42 (8) 0.496
SF-36 vitality 51 (12) 53 (12) 0.210 47 (9) 50 (8) 0.078
SF-36 social functioning 47 (13) 47 (13) 0.657 45 (13) 48 (11) 0.178
SF-36 emotional role 47 (13) 47 (12) 0.932 44 (15) 47 (12) 0.107
SF-36 mental health 47 (14) 47 (13) 0.789 41 (14) 43 (12) 0.227
SF-36 PCS 45 (11) 45 (11) 0.938 45 (9) 45 (9) 0.536
SF-36 MCS 48 (13) 48 (13) 0.659 44 (13) 46 (12) 0.146


Psychological status
HAD anxiety 6 (5) 6 (5) 0.734 8 (4) 8 (3) 0.939
HAD depression 4 (4) 4 (3) 0.818 5 (4) 5 (3) 0.949
HAD total score 10 (8) 10 (8) 0.834 12 (7) 12 (6) 0.937


Physical activity
YPAS index 41 (16) 39 (19) 0.403 34 (17) 71 (19) <0.001


Data are mean (standard deviation). 6MWT indicated 6-minute walking test; HAD, Hospital Anxiety and Depression scale; MCS, mental component summary; PCS, physical
component summary; SF-36, Short Form (36) Health Survey.
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provides valuable information about the real impact that a preha-
bilitation service could represent being implemented in the clinical
practice. Moreover, the recruitment of consecutive patients in a
prospective manner reinforces external validity of the results. It is
important to highlight that the robustness of our findings is
warranted as the by-protocol analyses are consistent with those
from the intention-to-treat approach and there were no missing data
in the complications register (main study outcome). Furthermore,
in the current trial, the sample size was powered for postoperative
complications, there was a blinded evaluation, and there was no
contamination among study groups. Furthermore, this study pro-
vides a thorough characterization of the patients with a detailed
analysis of perioperative aspects, which further facilitates the
interpretation of the results and enhances comparability with

 Copyright © 2017 Wolters Kluw


other studies.


TABLE 3. Intraoperative Parameters of the Intention-to-treat Popu


Control (n ¼ 63)


Laparoscopy 56 (89%)
Duration of the surgery, min 168 (94)
Planned postoperative ICU stay 16 (25%)
Intraoperative monitoring


Invasive blood pressure 28 (44%)
Central venous catheter 38 (60%)
Noninvasive cardiac output 6 (10%)


Transfusion requirements
Blood red cells 1 (2%)
Fresh frozen plasma 0 (0%)
Platelets 0 (0%)


Intraoperative remarkable events
Vasoactive drugs 19 (30%)
Hypoxemia 3 (5%)
Arrhythmia 4 (6%)
Deferred tracheal extubation 2 (3%)


Data are n (%) or mean (standard deviation).
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Nevertheless, the current investigation shows a design limita-
tion. The trial is not double-blinded but a randomized trial that cannot
be double-blinded because of the type of intervention. However,
while acknowledging this fact, there was no contamination among
groups as we used 2 different informed consents and, therefore, each
group did not know about the existence of the other. It is important to
highlight that clinicians collecting perioperative outcomes were
blinded to group status.


Lately, information and communication technologies (ICTs)
have been postulated as enabling tools for the integrated healthcare
model enhancing patient’s management within programs and pro-
viding prospective follow-up.28,29 The rather low use of technology
in the present study suggests that the role of ICT as enabler of
enhanced efficiencies in the integrated assessment of surgical risk
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and perioperative strategies should be further explored.


lation


Intervention (n ¼62) P


48 (79%) 0.147
159 (89) 0.608


22 (36%) 0.247


26 (42%) 0.858
32 (52%) 0.469
4 (7%) 0.744


2 (3%) 0.616
1 (2%) 0.492
2 (3%) 0.240


9 (15%) 0.053
1 (2%) 0.619
1 (2%) 0.365
1 (2%) 1.000
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TABLE 4. Postoperative Outcomes of the Intention-to-treat Population


Control (n ¼ 63) Intervention (n ¼ 62) P


Hospital days of stay 13 (20) 8 (8) 0.078
ICU days of stay 4 (13) 1 (2) 0.078
Surgical reintervention 6 (10%) 2 (3%) 0.273
In-hospital mortality 1 (2) 1 (2) 1.000
Patients suffering postoperative complications 39 (62%) 19 (31%) 0.001
Number of complications per patient 1.4 (1.6) 0.5 (1.0) 0.001


Medical complications 0.9 (1.2) 0.2 (0.6) <0.001
Surgical complications 0.5 (0.6) 0.3 (0.7) 0.119


Type of complication
Medical


Cardiovascular 8 (13%) 1 (2%) 0.033
Respiratory 10 (16%) 4 (7%) 0.155
Neurological 5 (8%) 2 (3%) 0.440
Acute kidney injury 4 (6%) 0 (0%) 0.119
Nausea/vomiting 6 (10%) 3 (5%) 0.491
Deep venous thrombosis 1 (2%) 0 (0%) 1.000
Urinary tract infection 4 (6%) 3 (5%) 1.000
Bloodstream infection (lab confirmed) 4 (6%) 1 (2%) 0.365
Infection of uncertain source 7 (11%) 0 (0%) 0.013
Others� 13 (21%) 6 (10%) 0.134


Surgical
Postoperative hemorrhage 6 (10%) 4 (7%) 0.744
Anastomotic breakdown 3 (5%) 3 (5%) 1.000
Paralytic ileus 10 (16%) 0 (0%) 0.001
Surgical site infection (superficial and deep) 1 (2%) 1 (2%) 1.000
Surgical site infection (organ and space) 1 (2%) 1 (2%) 1.000
Mechanical ileus 0 (0%) 1 (2%) 0.496


Data are n (%) or mean (standard deviation).
�Liver insufficiency, diabetic decompensation, acute urinary retention. ICU, Intensive Care Unit.
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This investigation provides encouraging findings which are
supposed to have a positive impact on the healthcare value chain;
however, large-scale adoption of the service requires studies proving
cost-effectiveness, introducing reimbursement strategies and specific
business models allowing sustainability.


We strongly believe that the present work should prompt a
major consideration of prehabilitation as a core intervention to carry
out in the preoperative setting in high-risk patients undergoing major
elective surgery.
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Be Active Your Way 
A Guide for Adults 


Based on the 2008 Physical Activity Guidelines for Americans 


Be Active, Healthy, and Happy! 







  


 
 


 
 


 
 


Be Active Your Way 
A Guide for Adults 
❑	 Wondering about how much activity you need each week? 


❑	 Want to get physically active but not sure where to begin? 


❑	 Already started a program and would like tips on how to 
keep it up or step it up? 


Then this booklet is for you. 
Read how you can fit physical activity into your life—your way. 

Decide the number of days, types of activities, and times that 

fit your schedule. 



Written for men and women ages 18 to 64, this booklet is based 

on the 2008 Physical Activity Guidelines for Americans released 

by the U.S. Department of Health and Human Services. When reading, 

you’ll want to pay special attention to the Advice to Follow boxes in this booklet. 

They offer you a quick snapshot of the latest information from these new guidelines. 



Share this booklet with your family and friends so you can be active together! 








What is physical activity? Did you know? 


Physical activity is any form of exercise or movement of the body that 
uses energy. Some of your daily life activities—doing active chores 
around the house, yard work, walking the dog—are examples. 


To get the health benefits  of  physical  activity,  include  activities that 
make you breathe harder and make your heart and blood vessels 
healthier. These aerobic activities include things like brisk walking, 
running, dancing, swimming, and playing basketball. Also include 
strengthening activities to make your muscles stronger, like push-ups 
and lifting weights. 


•	 Some	activity	is	better	 
than none. 


•	 The	more	you	do,	 
the  greater  the  health 
benefits  and  the  better 
you’ll feel. 


The good news? 
People  of  all  types,  shapes,  sizes,  and  abilities  can  benefit  from 

being  physically  active.  If  you  have  a  disability,  choose  activities 

in  this  booklet  that  work  for  you.  Talk  with  your  health  care  team 

about  the  amount  and  types  of  activities  that  are  right  for  your 

ability or condition.
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Part 1.  Getting Started page 2
 


Part 2.  Making Physical Activity a Part of Your Life page 6
 


Part 3.  Keeping It Up, Stepping It Up page 10
 


Part 4.  Being Active for Life page 14
 


This booklet has 4 parts:
 







 


To get the most from your physical activity guidebook
 


Which one of these seems more like you? 


❑	 Read Part 1 if you are getting started and want to learn ways to 
add physical activity to your life. Find out about the many benefits 
of being active. Hear how others are taking small steps toward 
better health. 


❑	 Read Part 2 if you are doing just a small amount 
of physical activity and want to learn how to become 
more active. 


❑	 Read Part 3 if you’ve been active for some time 
now and want to raise your activity level. Also, learn 
how to avoid injury. 


❑	 Read Part 4 for a quick summary of what to do—and 
how much physical activity you need—to get the benefits 
of staying active. Use the forms on pages 20 and 21 to 
track your progress. Tracking helps you stay on course! 







 


 


  


 


 
Start slowly 
“The employee wellness program 
at my work just started a new 
lunchtime walking program. Some 
of us walk at a good clip, while 
others move at a slower pace. 
I get to be outdoors, and I feel 
more alert on the days I walk.” 


Part 1. Getting Started
 


Thinking about adding physical activity to your 
life, but not sure how to get started? Sometimes 
taking the first step is the hardest part. 


If you have not been active in some time, start at a 
comfortable level and add a little more activity as 
you go along. Some people find that getting active 
with a friend makes it easier to get started. 


Is something holding you back? 


Think about reasons why you have not been 

physically active. Then try to come up with 

some ways to get past what is keeping you from 

getting active.
 


Have you said to yourself . . . ?
 


I haven’t been active in a very long time.
 
Solution: Choose something you like to do. Many 

people find walking helps them get started. Before 

you know it, you will be doing more each day.
 


I don’t have the time.
 
Solution: Start with 10-minute chunks of time 

a couple of days a week. Walk during a break. 

Dance in the living room to your favorite music. 

It all adds up.
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It costs too much. 
Solution: You don’t have to join a health club or 
buy fancy equipment to be active. Play tag with 
your kids. Walk briskly with your dog for 10 
minutes or more. 


Write down some things you could do to get past 
what may be holding you back: 


Feeling good 
“I recently bought an exercise bike 
at a yard sale. I get up early in the 
morning and ride. It feels good. 
Sometimes I can squeeze in only 
10 minutes before I take off for 
my job. Even 10 minutes is better 
than not doing anything.” 


What can physical activity do for you? 


You may have heard the good things you can gain 
from regular physical activity. 


Check off which of these benefits you hope to get 
from active living: 


❑	 Be healthier 
❑	 Increase my chances of living longer 


❑	 Feel better about myself 
❑	 Have less chance of becoming depressed 
❑	 Sleep better at night 


❑	 Help me look good 
❑	 Be in shape 
❑	 Get around better 
❑	 Have stronger muscles and bones 
❑	 Help me stay at or get to a healthy weight 


❑	 Be with friends or meet new people 
❑	 Enjoy myself and have fun 
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Did you know? 


When you are not physically active, you are more 
likely to: 


•	 Get	heart	disease 
•	 Get	type	2	diabetes 
•	 Have	high	blood	pressure 
•	 Have	high	blood	cholesterol 
•	 Have	a	stroke 


Build up over time 


Start by doing what you can, and then look for ways 

to do more. If you have not been active for a while, 

start out slowly. After several weeks or months, 

build up your activities—do them longer and more 

often.
 


Walking is one way to add physical activity to your 

life. When you first start, walk 10 minutes a day on 

a few days during the first couple of weeks.
 


Add more time and days. Walk a
 
little longer. Try 15 minutes instead of 10 minutes. 

Then walk on more days a week.
 


Pick up the pace. Once this is easy to do, try 

walking faster. Keep up your brisk walking for a 

couple of months. You might want to add biking 

on the weekends for variety.
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     How much physical activity do 
you need each week? 


Advice to follow: 
Aerobic 
•	 Adults	should	get	at	least	2 hours  


and 30 minutes each week of  
aerobic physical activity that  
requires moderate effort. 


•	 You	need	to	do	this	type	of	 
activity for at least 10 minutes   
at  a  time. 


Strengthening 
•	 Adults	should	also	do	 


strengthening  activities  at  least  
2 days a week. 


•	 Strengthening	activities	include	 
push-ups,  sit-ups  and  lifting 
weights  (see  page  7  for  more 
ideas  on  what  activities  to  do, 
how much, and how often). 


Do it your way. 


•	 Pick	an	activity	you	like	and	one	 
that fits into your life. 


•	 Find	the	time	that	works	best	for	 
you. 


•	 Be	active	with	friends	and	family.	 
Having  a  support  network  can  help 
you keep up with your program. 


•	 There	are	many	ways	to	build	 
the right amount of activity into  
your  life.  Every  little  bit  adds  up 
and doing something is better  
than doing nothing. 


Tip:  To learn how to avoid injury, see 
page 13. 


Moderate-level  activities 
(check off the ones you 
will try): 


❑	 
❑	 
❑	 
❑	 


❑	 
❑	 


❑	 


❑	 
❑	 


Biking slowly 
Canoeing 
Dancing 
General gardening 
(raking, trimming 
shrubs) 
Tennis (doubles) 
Using your manual 
wheelchair 
Using hand cyclers— 
also called arm 
ergometers 
Walking briskly 
Water aerobics 
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Part 2.  Making Physical Activity a Part of Your Life
 
Here are 2 examples for adding more activity Doing More 


“I started taking a 45-minute water 
aerobics class with a group of 
women from church. It’s really a  
lot of fun, and I am getting in 
shape. I started out going 2 days a 
week, and now my goal is to make 
it to all 3 classes a week.” 


1.  You can do more by being active longer each 
time. Walking for 30 minutes, 3 times a week?  
Go longer—walk for 50 minutes, 3 times a week. 


2.  You can do more, by being active more often.   
Are you biking lightly 3 days a week for 25 
minutes each time? Increase the number of 
days you bike. Work up to riding 6 days a week 
for 25 minutes each time. 


Tip: If you have not been this active in the past, 
work your way up. In time, replace some moderate 
activities with vigorous activities that take more 
effort. These are explained in detail on page 11, in 
Part 3. 


Congratulations! You are doing some regular 
physical activity each week and are ready to do 
more. You may be feeling the benefits of getting 
active, such as having fun with friends, sleeping 
better, and getting toned. Are you looking for ways 
to do more activities at a moderate level? 
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  Activities for stronger muscles and bones
 


Advice to follow: 
Adults should do activities to strengthen  muscles 
and bones at least 2 days a week. 


Choose activities that work all the different parts 
of the body—your legs, hips, back, chest, stomach, 
shoulders, and arms. Exercises for each muscle 
group should be repeated 8 to 12 times per session. 


Try some of these activities a couple of days a week: 


•	 Heavy	gardening	(digging,	shoveling) 


•	 Lifting	weights 


•	 Push-ups	on	the	floor	or	against	the	wall 


•	 Sit-ups 


•	 Working	with	resistance	bands	(long,	wide	 
rubber strips that stretch) 


Tip: Some people like resistance bands because 
they find them easy to use and put away when 
they are done. Others prefer weights; you can 
use common grocery items, such as bags of rice, 
vegetable or soup cans, or bottled water. 
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 For best success 


•	 Team	up	with	a	friend.	It	will	keep	you	motivated	  
and be more fun. 


•	 Pick	activities	that	you	like	to	do.	 


•	 Track	your	time	and	progress.	It	helps	you	stay	on	  
course. Fill in the forms on pages 20 and 21 to help 
set your activity goals. Before you know it, you’ll 
 
be able to do at least 2 hours and 30 minutes of 
 
activities at a moderate level each week.
 



 


•	 Add	in	more	strength-building	activities	over	  
time. For example, you can do sit-ups or  
push-ups. 


Shaping up 
“My son and I play in a baseball league twice a week. On the days we play, I sleep 
much better at night. This makes me want to do more on other days. My son wants 
to lift weights together, and so we got some weights and work out in the basement.” 
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Planning your activity for the week 


Physical activity experts say that spreading 
aerobic activity out over at least 3 days a week is 
best. Also, do each activity for at least 10 minutes 
at a time. There are many ways to fit in 2 hours 
and 30 minutes a week. For example, you can 
do 30 minutes of aerobic activity each day, 
for 5 days. 


On the other 2 days, do activities to keep your 
muscles strong. Find ways that work well for you. 


Want to learn more about how to add physical 
activity to your life? 


•	 Join	a	fitness	group. 


•	 Talk	to	your	health	care	provider	about	good	 
activities to try. 


•	 Speak	to	the	worksite	wellness	coordinator	at	 
your job. 


•	 Visit	www.healthfinder.gov and type “activity” 
in the search box. 


Tip:  To learn how to avoid injury, see page 13. 
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 Part 3. Keeping It Up, Stepping It Up
 
Good habits! 
“My friends and I have been walking  
at  the  mall  4  mornings  a  week  for 
the past 6 months. We walk for   
45  minutes  each  time,  for  a  total  of 
3  hours  a  week.  Our  goal  is  to  reach 
5 hours a week. Sure, some mornings  
it is tough to get out of bed early to  
walk. But once I’m there, I am glad.” 


Adding more time  


Already doing 2 hours and 30 minutes a week 
of aerobic physical activity? Good for you! Do 
you want to gain even more health benefits from 
physical activity? Slowly add more time to your  
weekly routine. 


Strive to double your weekly activity time. Work to 
be active 5 or more hours each week. This activity 
level can lower your chances of getting breast and 
colon cancer. Read the next page to find out how 
to add more effort. 


Gaining more health benefits! 


Advice to follow: 
To get more health benefits, add more time   
of aerobic physical activity. 


•	 Try	to	move	from	2 hours and 30 minutes  of 
moderate-level activities a week to 5 hours  or 
more a week. 
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Adding more effort 


Instead of doing only moderate-level 
activities, replace some with vigorous 
aerobic activities that will make 
your heart beat even faster. Adding 
vigorous activities provides benefits 
in less activity time. In general, 
15 minutes of vigorous activity 
provides the same benefits as 
30 minutes of moderate activity. 


Have you been walking for 30 minutes 
5 days a week? On 2 days, try jogging 
instead of walking for 15 minutes 
each time. Keep on walking for 
30 minutes on the other 3 days. 


Would you like to have stronger 
muscles? If you have been doing 
strengthening activities 2 days a 
week, try adding an extra day. 


Mix  it  up! 


You can do all moderate activities, 
all vigorous activities, or some of 
each. You should always start with 
moderate activities and then add 
vigorous activities little by little. 


To mix it up, you can try 30 minutes 
of biking fast to and from your job 
3 days a week. Then play softball for 
60 minutes 1 day. Then lift weights 
for 2 days. 


You’ve mixed vigorous aerobic 
activity (biking fast) with moderate 
aerobic activity (softball) and 
activities for stronger muscles 
(weights). 


To  add  more  effort,  try 
some  vigorous  activities 
(check off the ones you 
will try): 


❑	 
❑	 
❑	 
❑	 
❑	 


❑	 


❑	 


❑	 
❑	 


❑	 


Aerobic dance 
Basketball 
Fast dancing 
Jumping	rope	 
Martial arts (such as 
karate) 
Race walking, jogging, 
or running 
Riding a bike on hills 
or riding faster 
Soccer 
Swimming fast or 
swimming laps 
Tennis (singles) 
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You can choose moderate or vigorous activities, or a mix of both 
each week 


Advice to follow: 
You should do at least 2 hours and 30 minutes each week of aerobic physical 
activity at a moderate level. 


OR  
You should do at least 1 hour and 15 minutes each week of aerobic  
physical activity at a vigorous level. 


Do it your way! 
You can replace  of  your  moderate  activity  with  vigorous  activity.  
With vigorous activities, you get similar health benefits in half the time  it  
takes you with moderate ones. 


some or all 


Muscle strengthening activities 
Remember to also do strengthening activities on 2 or more days a week. 


Adding more time  
Strive to double your weekly activity time. Work to be active 5  or  more  
hours each week for even more health benefits. 
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For Everyone: Staying Safe and Avoiding Injury
 


Physical activity is generally safe for everyone. 
People who are physically fit have less chance 
of injury than those who are not fit. The health 
benefits you gain from being active are far greater 
than the chances of getting hurt. Being inactive is 
definitely not good for your health. 


Here  are  some  things  you  can  do  to  stay  safe  while 
you are active: 


•	 If	you	haven’t	been	active	in	a	while,	start	 
slowly and build up. 


•	 Learn	about	the	types	and	amounts	of	activity	 
that are right for you. 


•	 Choose	activities	that	are	appropriate	for	your	 
fitness level. 


•	 Build	up	the	time	you	spend	before	switching	 
to activities that take more effort. 


•	 Use	the	right	safety	gear	and	sports	equipment. 


•	 Choose	a	safe	place	to	do	your	activity. 


•	 See	a	health	care	provider	if	you	have	a	  
health problem. 
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Part 4.  Being Active for Life
 
Finding out what kind and how much 
physical activity you need 


How do I do it? 
It’s your choice. Pick an activity that’s easy to fit 
into your life. Do at least 10 minutes of physical 
activity at a time. Choose aerobic activities that 
work for you. These make your heart beat faster 
and can make your heart, lungs, and blood vessels 
stronger and more fit. Also, do strengthening 
activities which make your muscles do more work 
than usual. 


Why should I be physically active? 
Physical activity can make you feel stronger
 
and more alive. It is a fun way to be with your 

family or friends. It also helps you improve
 
your health.
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How many times a week should I be physically active? 
It is up to you, but it is better to spread your 
activity throughout the week and to be active at 
least 3 days a week. 


How do I build up more physical activity? 
Do a little more each time. Once you feel comfortable, 
do it more often. Then you can trade activities 
at a moderate level for vigorous ones that take 
more effort. You can do moderate and vigorous 
activities in the same week. 







How much physical activity do I need to do? 
This chart tells you about the activities that are important for you to do. Do both  
aerobic activities and strengthening activities. Each offers important health benefits. 
And remember, some physical activity is better than none! 


Aerobic Activities 


Muscle Strengthening Activities 


•	 Slowly	build	up	the	amount	of	time	you	do	physical	activities.	The	more	time	you	spend,	the	 
more health benefits you gain. Aim for twice the amount of activity in the box above. 


•	 Do	at	least	10	minutes	at	a	time. 
•	 You	can	combine	moderate	and	vigorous	activities. 


If you choose activities at a moderate level, 
do at least 2 hours and 30 minutes a week. 


If you choose vigorous activities, do at least 
1 hour and 15 minutes a week. 


Do these at least 2 days a week. 


•	 Include	all	the	major	muscle	groups	such	as	legs,	hips,	back,	chest,	stomach,	shoulders,	 
and arms. 


•	 Exercises	for	each	muscle	group	should	be	repeated	8	to	12	times	per	session. 
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How can I tell an activity at a moderate level from a vigorous one? 
Vigorous	activities	take	more	effort	than	moderate	ones.	Here	are	just	a	few	moderate	and	vigorous	 
aerobic physical activities. Do these for 10 minutes or more at a time. 


Moderate  Activities  
(I can talk while I do them, but I can’t sing.) 


•	 Ballroom	and	line	dancing 


•	 Biking	on	level	ground	or	with	few	hills 


•	 Canoeing 


•	 General	gardening	(raking,	trimming	shrubs)	 


•	 Sports	where	you	catch	and	throw	  
(baseball, softball, volleyball) 


•	 Tennis	(doubles) 


•	 Using	your	manual	wheelchair 


•	 Using	hand	cyclers—also	called	ergometers 


•	 Walking	briskly 


•	 Water	aerobics 


Vigorous  Activities  
(I can only say a few words without stopping to catch my breath.) 


•	 Aerobic	dance 


•	 Biking	faster	than	10	miles	per	hour 


•	 Fast	dancing 


•	 Heavy	gardening	(digging,	hoeing) 


•	 Hiking	uphill 


•	 Jumping	rope 


•	 Martial	arts	(such	as	karate) 


•	 Race	walking,	jogging,	or	running 


•	 Sports	with	a	lot	of	running	  
(basketball, hockey, soccer) 


•	 Swimming	fast	or	swimming	laps 


•	 Tennis	(singles) 
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Make copies of the forms on pages 20 and 21 to write 
down your goals and track your activities each week. 
There are examples on pages 18 and 19. 


The first form is for aerobic activities. The second form 
is for strengthening activities. Be active your way by 
choosing activities you enjoy! 


Tracking works! 
“I  made  a  copy  of  the  tracking  forms  and  keep  them 
handy  to  fill  out  each  day.  Know  what?  When  I  fill  out 
the forms—it’s easier to reach my weekly goal.” 


Keeping  track  of  what  you  do  each  week  
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What I did Effort 


When I did it and for how long 


Mon Tue Wed Thu Fri Sat Sun 
Total hours 
or minutes 


Walked Moderate 30 min 30 min 30 min 30 min 2 hours 
Biked fast Vigorous 30 min 30 min 


This is the total number of hours or minutes I did these activities this week: 2 hours 
and 30 min 


Example: My aerobic activities this week 


My goal is to do aerobic activities for a total of _______2 _ hours and _____30  minutes this week.
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What I did 


When I did it 


Total days Mon Tue Wed Thu Fri Sat Sun 


Sit-ups Yes 1 day 
Stretch bands Yes 1 day 


This is the total number of days I did these activities this week: 2 days 


Example: My strengthening activities this week 


My goal is to do strengthening activities for a total of _____2 ___ days this week.
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My aerobic activities this week 


My goal is to do aerobic activities for a total of ________ hours and _____ minutes this week. 


What I did Effort 


When I did it and for how long 


Mon Tue Wed Thu Fri Sat Sun 
Total hours 
or minutes 


This is the total number of hours or minutes I did these activities this week: 
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My strengthening activities this week 


My goal is to do strengthening activities for a total of ________ days this week. 


What I did 


When I did it 


Total days Mon Tue Wed Thu Fri Sat Sun 


This is the total number of days I did these activities this week: 


Being Active for Life 21 







Notes
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  You can find more advice on physical activity at: ODPHP Publication No. U0037
 
October 2008 www.health.gov/paguidelines.
 



http://www.health.gov/paguidelines/
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ABSTRACT
Background: Prehabilitation has been previously shown to be more effective in enhancing postopera-
tive functional capacity than rehabilitation alone. The purpose of this study was to determine whether
a weekly supervised exercise session could provide further benefit to our current prehabilition pro-
gram, when comparing to standard post-surgical rehabilitation.
Methods: A parallel-arm single-blind randomized control trial was conducted in patients scheduled for
non-metastatic colorectal cancer resection. Patients were assigned to either a once weekly supervised
prehabilitation (PREHABþ, n¼ 41) or standard rehabilitation (REHAB, n¼ 39) program. Both multimodal
programs were home-based program and consisted of moderate intensity aerobic and resistance exer-
cise, nutrition counseling with daily whey protein supplementation and anxiety-reduction strategies.
Perioperative care was standardized for both groups as per enhanced recovery after surgery (ERASVR )
guidelines. Functional exercise capacity, as determined by the 6-minute walk test distance (6MWD),
was the primary outcome. Exercise quantity, intensity and energy expenditure was determined by the
CHAMPS questionnaire.
Results: Both groups were comparable for baseline walking capacity (PREHABþ: 448 m [IQR 375–525]
vs. REHAB: 461 m [419–556], p¼.775) and included a similar proportion of patients who improved walk-
ing capacity (>20 m) during the preoperative period (PREHABþ: 54% vs. REHAB: 38%, p¼ .222). After
surgery, changes in 6MWD were also similar in both groups. In PREHABþ, however, there was a signifi-
cant association between physical activity energy expenditure and 6MWD (p< .01). Previously inactive
patients were more likely to improve functional capacity due to PREHABþ (OR 7.07 [95% CI
1.10–45.51]).
Conclusions: The addition of a weekly supervised exercise session to our current prehabilitation pro-
gram did not further enhance postoperative walking capacity when compared to standard REHAB care.
Sedentary patients, however, seemed more likely to benefit from PREHABþ. An association was found
between energy spent in physical activity and 6MWD. This information is important to consider when
designing cost-effective prehabilitation programs.


Abbreviations: ERAS: enhanced recovery after surgery; RCT: randomized control trial; PREHABþ: preha-
bilitation with supervised exercise sessions; REHAB: rehabilitation; 6MWD: 6-minute walk test distance;
CHAMPS: Community Healthy Activity Model Programme for Seniors; METS: metabolic equivalents; GEE:
generalized estimating equations; HADS: Hospital Anxiety and Depression Scale; ACS: American Cancer
Society
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Introduction


Fatigue [1] and low functional capacity have been reported
[2] in cancer patients following treatment, such as surgery,
chemotherapy and radiotherapy [3]. Emerging evidence indi-
cates that a multimodal prehabiltation program improves
preoperative functional reserve and, subsequently, helps
patients to better tolerate the side effects of surgery [4]. In a
randomized controlled trial, conducted by Gillis et al., it was


demonstrated that 80% of patients who received a multi-
modal prehabilitation program prior to colorectal cancer
resection recovered their baseline functional capacity by 8
weeks post-surgery compared to a 40% recovery rate in a his-
torical control that received post-operative rehabilitation only
[5]. The multimodal prehabilitation program implemented in
the Gillis study consisted of a home-based, unsupervised exer-
cise program (moderate-intensity aerobic and resistance
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training), nutritional counseling, protein supplementation and
anxiety easing techniques that was initiated approximatedly
28 days prior to surgery and continued for 8 weeks into the
postoperative period. Despite the overall benefits attributed
to the prehabilitation program, there remained a 30% decline
in functional capacity- as determined by 6-minute walking dis-
tance (6MWD) – during the first month post-surgery, which
was attributed to either exercise of an insufficient intensity or
low adherence to preoperative exercise.


Supervised exercise sessions increase functional recovery
after cardiac [6] and orthopedic surgery [7], as well as
improving long-term maintenance of physical activity [8]
and degree of exercise progression [9]. Also, supervision of
exercise by a qualified professional can promote patient con-
fidence and determination in achieving recommended exer-
cise goals [10].


In an attempt to further mitigate the decline that occurs in
the immediate postoperative period [5], the goal of this
randomized control trial (RCT) was to determine whether the
addition of a once-a-week supervised exercise session to our
current prehabilitation program would further enhance recov-
ery when compared to standard care rehabilitation, thus pro-
moting an accelerated return to baseline physical function.
The design was based on a previously published study where a
prehabilitation group was compared to a control that received
a similar program but offered as rehabilitation only [4].


We hypothesized that patients who received a prehabilita-
tion program that included a once-a-week supervised exercise
session in the preoperative period will enhance their walking
capacity prior to surgery when compared to the rehabilitation
group. In addition, this improvement will subsequently aid in
mitigating the postoperative decline in physical function and
promote an earlier return to baseline functional capacity
when compared to a rehabilitation-only group.


Methods


Subjects


The study was approved by the Research Ethics Board of the
McGill University Health Center (11-004-GEN), Montr�eal,
Qu�ebec, Canada and registered on ClinicalTrials.gov
(NCT02586701). Participants were enrolled from December
2013 to August 2015 at a single tertiary care center affiliated
with McGill University in Montr�eal, Qu�ebec, Canada.
Consecutive adult patients, scheduled for colon or rectal can-
cer resection, were approached at the initial visit with their sur-
geon. Participants were deemed ineligible for this study if they
had metastatic cancer, did not speak English or French or had
concurrent medical conditions that contraindicated exercise.
Surgical care for study participants followed the enhanced
recovery after surgery (ERASVR ) guidelines which has been the
standard of surgical care at our institution since 2008 [11,12].


Study design


The study was conceived as a single-blind parallel-arm RCT
and was based on the design of previously published studies


where efforts were made to minimize the potential bias of
offering an exercise intervention to only one group [4,5].


Preoperative phase


Group assignment
Once recruited and consented for the study, each participant
was scheduled for a baseline assessment by a kinesiologist,
nutritionist and a psychology-trained research team member.
At the baseline evaluation, patients were randomly assigned
on a 1:1 ratio by computer-generated random numbers in
sealed envelopes to receive either the supervised prehabilita-
tion (PREHABþ) or the rehabilitation (REHAB) program. This
assessment was performed approximately 4 weeks before the
scheduled surgery date, with participation in this study hav-
ing no affect on surgical waiting time (see Figure 1).


Prehabilitation
Patients assigned to the PREHABþgroup were prescribed a
multimodal home-based exercise program to be commenced
immediately after the baseline assessment (see Figure 1). In
addition, during the pre-surgical period, these patients were
required to attend once a week in-laboratory exercise ses-
sions that were supervised by a trained kinesiologist. Post-
surgery, PREHABþpatients recommenced their exercise pre-
scription while still in the hospital (after nurse-led mobiliza-
tion) and, upon discharge, were instructed to continue their
home-based program (minus the supervised sessions) for
an additional 8-week period. The details of the home-based
program, supervised sessions and in hospital exercise are pre-
sented in the following sections.


Rehabilitation
At time of group assignment, the REHAB patients were pro-
vided with pre-operative information that is a normal part of
ERASVR protocol (walking, ankle rotation, breathing exercises,
see Figure 1). Two days prior to surgery, REHAB patients
were provided with an 8-week multimodal post-surgical
rehabilitation program that was identical to the home-based
program prescribed to the PREHABþgroup. Again, as in the
PREHABþgroup, exercise also commenced as soon as the
patient was mobilized by the unit nurse. The primary differ-
ences between the study groups were that PREHABþhad
the pre-operative exercise, as well as the supervised sessions.


Exercise intervention


The home-based component
At baseline, participants in both study groups were
assessed by a staff kinesiologist and prescribed exercise fol-
lowing the guidelines of the American College of Sports
Medicine [13]. The whole-body exercise prescription con-
sisted of aerobic and resistance training, which was person-
alized to each participant’s fitness level. Aerobic exercise
intensity was prescribed based on the rate of perceived
exertion (Borg scale) and from the 6MWD measurements
obtained at baseline. The resistance exercises prescribed
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were based on eight repetitions maximum test, which pro-
vides a submaximal estimation of the patient’s maximal
strength. Participants were prescribed to perform 3–4 days
per week 30minutes of moderate intensity aerobic activity
(60–70% of maximal heart rate calculated from the
Karvonen formula, after verification that the patient was
not on any drug that could affect the heart rate response)
consisting of either walking, cycling or jogging (according
to patient abilities and preference). The resistance training
consisted of eight exercises targeting major muscle groups
of the core, upper and lower limbs and to be performed
3–4 times per week in up to two sets of a range of 8–15
repetitions, dependent on volitional fatigue. The Borg scale
was provided to the patients in an information booklet in
order to assist in the determination of appropriate exercise
intensity at home. Patients were given an elastic resistance
band (TherabandVR ) that was matched to their fitness level,
as well as a pedometer to encourage them to participate
in daily walks. This component was started by the
PREHABþgroup prior to surgery and by the REHAB group
after discharge from the hospital.


The supervised exercise component
During the preoperative period, participants in the
PREHABþgroup were required to return once a week to
the hospital exercise laboratory where they trained under a
kinesiologist’s supervision on either a NuStepVR T5 (NuStep
Inc., Ann Arbor, MI) recumbent stepper [14] that mimicks the
walking motion or a standard treadmill, as per subject prefer-
ence and physical ability. In addition, they also performed
their resistance exercise program in this supervised session.
Feedback was provided and resistance training was pro-
gressed (increasing intensity) when patients could complete
the routine with perceived mild exertion (defined as 12 or
less on the 20 point Borg scale). Each supervised session con-
sisted of 30minutes of moderate aerobic exercise, including
a 5-minute warmup, and 25minutes of resistance exercises
followed by five minutes of stretching [13].


The in-hospital exercise
Patients in both study groups were encouraged to start in-hos-
pital exercise as soon as cleared for mobilization by the nursing


Figure 1. Study design.
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staff. At this point, the patients in the REHAB group were able
to review the exercise program with the kinesiologist, in order
to ensure that they were both confident and comfortable with
performing the exercises after discharge. The PREHABþ group
recommenced their exercise program, with kinesiologist feed-
back and modification, if required.


Nutritional intervention


At baseline, all participants had their nutritional status
assessed and were counseled accordingly by a registered diet-
itian. Nutritional status was evaluated using the Subjective
Global Assessment (SGA) and the Nutritional Risk Screening
tool NRS2002 [15]. The SGA gives letter scores to patients
based on their degree of malnourishment; A ¼ well nour-
ished, B¼mildly to moderately malnourished, or suspected
malnutrition, C¼ severely malnourished. The NRS2002 attrib-
utes for risk factors such as nutritional status, the severity of
disease and age, and patients with scores �3 are considered
at nutrition risk. Participants were asked to complete a three-
day food diary from which carbohydrate, fat and protein
quantities were estimated using food exchange lists and com-
position tables. Macronutrient intake was evaluated based on
Dietary Reference Intake Values [16], and food choices were
compared to Eating Well with Canada’s Food Guide recom-
mendations [17]. Protein requirement in the healthy adult is
0.8 g/kg of body weight per day, but requirements in the sur-
gical patients are higher at 1.2 g/kg of body weight (or
adjusted body weight in obese patients) as per European
Society for Clinical Nutrition and Metabolism (ESPEN) guide-
lines [18]. If the patient did not meet the protein requirement
by diet alone, they were provided with whey protein supple-
mentation to match ESPEN guidelines (ImmunocalVR ;
Immunotec Inc., Vaudreuil, Canada). Patients were instructed
to ingest protein and/or the supplements within one hour of
their exercise training to make use of the ‘anabolic window’,
the moment at which muscle protein synthesis is the highest
[19]. Further nutritional counseling was given to help with
bowel movements regularity, body composition optimization
and glycemic control.


Anxiety-reduction strategies


Each patient received a 60-minute session under the supervi-
sion of a psychology-trained member of the research team
who provided personalized techniques to alleviate anxiety,
such as relaxation exercises based on visualization, along
with breathing exercises [20]. Patients were provided with a
compact disc with an audio track containing the instructions
to help them perform the exercises at home two to three
times a week. The coping strategies of each patient were
also assessed, and suggestions were given to support them
in the management of their anxiety or depression symptoms.


Instruction booklet and follow-ups


All patients were provided with an information booklet con-
taining the instructions, the Borg scale to gauge intensity, as


well as figures depicting each element of the program. The
booklet also included a diary in which patients were required
to record all activities related to the program in order to
assess adherence to the program. To reinforce compliance to
the program, patients were contacted on a weekly basis by
telephone and were asked a standardized set of questions.
Information on the frequency, intensity and duration of exer-
cises, additional physical activity performed, the quantity and
frequency of whey protein supplementation taken and the
use of the relaxation techniques was collected. Based on this
information and the diary in the patient booklet, compliance
was calculated as a percentage of each element of the
program.


Outcomes and measures


Primary outcomes
The primary outcome was functional walking capacity, as
assessed by 6MWD. The test evaluates the ability to walk at a
moderate intensity and is associated with the capacity to
perform activities of daily living. It has been validated in a
surgical population [21,22] and is linearly correlated to oxy-
gen consumption at peak [23] and at anaerobic threshold
[24]. It integrates strength, endurance and balance and is
easily reproducible. The walking distance is calculated in
meters by counting how many times participants can walk
back and forth between cones placed 15 m apart in a hall-
way in six minutes. Participants were allowed to rest if
needed while the six minutes continued to elapse.
Standardized feedback was given to the patients every
minute as per guidelines of the American Thoracic Society
[25]. A 2-minute walking test was done as a practice before
the 6MWD. A change of at least 20 m was considered to
be the minimal clinically meaningful difference and is the
estimated measurement error of the test [26]. The 6MWD
was performed at baseline, before surgery and at 4 and 8
weeks after surgery. The assessor, using a standardized
protocol and script during the tesing, was blinded to group
assignment. Personal 6MWD prediction, based on age and
sex, was calculated with the formula: predicted
value¼ 868 – (age �2.9) – (74.7 if female), where age is in
years [27].


Secondary outcomes
The Community Healthy Activity Model Programme for
Seniors (CHAMPS) [28] questionnaire was used to estimate
the weekly energy expenditure of participants, based on
intensity and frequency of the activity. Participants were
asked to report all physical activities, categorized as either
light (1–3 METS), moderate (3–6 METS) or vigorous (>6
METS) intensity. Based on their responses, participants were
also categorized as either meeting or not meeting the rec-
ommended weekly time spent performing moderate to vigor-
ous physical activity as per the American Cancer Society
(ACS) guidelines. The ACS recommends 150minutes per
week of moderate or 75minutes per week of vigorous phys-
ical activity [29]. For this study, participants were considered
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to be active if they met these recommendations and inactive
if they did not.


Other measurements performed
i. Body composition was measured at baseline with an


inBody320VR (Biospace, Ottawa, Canada) scale which uses
bioelectrical impedance analysis to determine weight,
body fat percentage and lean body mass.


ii. Grip strength was measured at baseline using a grip
dynamometer. Measurements were performed twice on
each arm and the highest value was reported.


iii. Administrative data, including length of stay, emergency
department visits, hospital readmission and complica-
tions, and severity at 30 days after surgery were col-
lected prospectively. Complications were defined as any
deviation from the optimal post-operative course.
Complication severity was graded with the
Clavien–Dindo classification [30] according to their asso-
ciated usage healthcare resources; grade I complications
are managed at the bedside or with medications of spe-
cific therapeutic categories, grade II complications
require treatments such as blood transfusion, antibiotics,
anticoagulants or total parenteral nutrition, grade III
complications require a surgical, radiological or endo-
scopic intervention and grade IV complications require
intensive care treatment.


iv. Compliance was defined as attendance to the preopera-
tive supervised exercise sessions and recorded.


v. The patient’s psychological status was assessed through
the use of the Hospital Anxiety and Depression Scale
(HADS) [31]. The scale contains 14 questions, seven
assessing stress and seven assessing depression, scored
from 0 to 3. A score greater than 8 in either category is
suggestive of a mood disorder.


Statistical analysis


In the protocol, the sample size and power calculations were
based on the inputs provided from two studies previously
conducted by the same group [5,32]. Based on the mean
changes in the 6MWD between baseline and eight weeks
(control group¼ 25(±66)); prehabilitation group¼ 35(±68)), a
sample size of 80 patients (40 per group) was estimated to
detect these differences with a power of 80% and a two-
tailed alpha of 0.05 [4].


Normality of the data distribution was assessed with the
Shapiro–Wilk test. Continuous variables were compared with
the two-sided Student t test or the Mann–Whitney U test, as
appropriate. Categorical variables were compared using
Pearson’s Chi-Square test or Fisher’s Exact test. The effect of
the interventions was assessed by calculating the mean dif-
ference on the 6MWD compared to a baseline of all subse-
quent measurements and the proportions of patients who
increased �20 m, which represents those patients who expe-
rienced clinically significant improvement.


Logistic generalized estimating equations (GEE) were used
to assess whether prehabilitation predicted clinically signifi-
cant improvement in 6MWD. Crude and adjusted odds ratios


were calculated to reveal the longitudinal association with
physical activity.


Analyses were performed with IBM SPSS Statistics for
Macintosh, Version 23.0 (IBM Corp., Armonk, NY) and STATA
14.1 (StataCorp, College Station, TX).


Results


Participants


From the surgical clinic, 88 patients scheduled for colorectal
cancer resection consented to partake in this study. Between
the time of consent to the time of randomization, eight
patients were exluded. The remaining 80 patients, at the
time of their first laboratory visit for baseline assessments,
were then randomized to either the PREHABþ or REHAB
study groups. Of the patients who were randomized to
REHAB, a further seven patients were excluded without alter-
ing the baseline characteristics of the participants. After sur-
gery, a total of 10 patients were subsequently lost to follow
up (four in the PREHABþ group and six in the REHAB group).
The data of 37 participants from the PREHABþgroup and 26
from the REHAB group were then analyzed. All details are
presented in the CONSORT diagram in Figure 2.


Baseline demographic and clinical characteristics were
similar between the two groups and are presented in
Table 1. Patients in the REHAB group tended to be younger
(p¼ .05) compared to the PREHABþgroup. The proportion of
patients aged �75 years old was also lower, but not to a sig-
nificant extent, in the REHAB group (23% vs. 43%, p¼ .098).
Overall, there were no significant differences between the
two groups in all demographics and clinical measurements
(see Table 1). Median time to surgery was comparable
between the two groups (32 days (IQR 25–48) for the
PREHABþgroup and 20.5 days (IQR 15–32) for the REHAB
group).


Functional walking capacity


The participants completed the 6MWD at all four assessment
points (see Table 2). At baseline, mean values were 448 m
(SD 118 m) in the PREHABþgroup and 461 m (SD 109 m) in
the REHAB group. Both groups improved walking capacity
over the preoperative period: PREHABþ had a mean increase
of 21 m (SD 47 m) while REHAB had a mean increase of
10 m (SD 30 m). No significant differences were detected
between the groups, either before or after surgery. Over the
pre-surgial period, 54% of PREHABþ increased walking dis-
tance by more than 20 m, as compared to 38% of REHAB
(p¼ .261). At 4 weeks after surgery, there was a a decrease in
walking capacity from baseline by an average of 8 m (SD
67 m) in PREHABþ and 17 m (SD 85 m) in REHAB. At this
time point (4 weeks), 50% of participants in both groups had
recovered to their baseline walking capacity. At 8 weeks after
surgery, both the PREHABþ and the REHAB group had walk-
ing distances above baseline values, with mean gains of
20 m (SD 54 m) and 11 m (SD 58 m), respectively. Although
74% of patients in PREHABþhad recovered walking capacity
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vs. 65% in REHAB, there was no detectable difference
between the groups.


Secondary outcomes


Self-reported physical activity
The CHAMPS questionnaire was filled out by each patient at
all 4 assessment points. Physical activity was analyzed as total
energy expenditure in kcal/kg/week and separated in energy
spent on light and moderate to vigorous physical activities
(see Table 2). The total amount of energy dedicated to light
activities (1–3 METS) was similar between groups at all assess-
ment points. In contrast, the amount of energy spent on mod-
erate and vigorous physical activities (>3 METS) was


significantly higher in the PREHABþgroup compared with the
REHAB group at the preoperative assessment (p¼ .021) and at
8 weeks after surgery (p¼ .04). Similarly, the number of
patients who met the ACS recommendations for physical
activity (150minutes per week of moderate or 75minutes per
week of vigorous physical activity) was significantly higher in
the PREHABþ group at the preoperative visit (PREHABþ ¼ 32
patients [86%] vs. REHAB¼ 15 [58%]) and at 8 weeks after sur-
gery (PREHABþ¼29 patients [78%] vs. REHAB¼ 13 patients
[50%]) (see Table 3). We estimated the median difference of 6-
minutes walking distance separately among those who met
the recommendations of the ACS guidelines (active) and those
who did not (inactive), and found statistically significant differ-
ences at the follow-ups: Pre-operation (Ranksum test


Figure 2. CONSORT diagram for the trial.
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Table 1. Patient demographics and clinical measurements.


PREHABþ REHAB
Variable N¼ 37 n¼ 26


Age (years)
Median, IQR 74 [67.5–78] 71 [54.5–74.5]


Age �75 years
n, % 16 43% 6� 23%


Sex-Male
n, % 30 81% 16 62%


Weight (kg)
Mean, SD 80 14 81 13


BMI (kg/m2)
Mean, SD 27.5 4.1 28.6 4.5


ASA status
1


n, % 1 3% 3 12%
2


n, % 23 62% 11 42%
3þ


n, % 13 35% 12 46%
Comorbidities
Diabetes


n, % 10 27% 4 15%
COPD


n, % 2 5% 4 15%
CAD


n, % 2 5% 4 15%
HTN


n, % 23 62% 11 42%
PVD


n, % 2 5% 1 4%
AF


n, % 4 11% 1 4%
Tumor stage
0


n, % 4 11% 4 15%
1 and 2


n, % 22 59% 11 42%
3 and 4


n, % 11 30% 11 42%
Neoadjuvant therapy
n, % 5 14% 4 15%


Adjuvant therapy within 8 weeks of surgery
n, % 2 5% 2 8%


Laparoscopic procedure
n, % 31 84% 21 81%


Site of resection
Colon


n, % 25 68% 19 76%
Rectum


n, % 12 32% 6 24%
New stoma
n, % 6 16% 4 16%


6minute walking distance
Meters


Mean, SD 448 118 461 109
Percentage predicted


% 69 71
Number of patients <400 m


n, % 9 24% 5 19%
CHAMPS
Physical activity (kcal/kg/week)


Median, IQR 37.5 [15–65] 38.5 [10–58]
Number meeting ACS requirements


n, % 18 49% 13 50%
Grip strength
Right (kg)


Median, IQR 36 [25.0–40.5] 32 [21–44.4]
Left (kg)


Median, IQR 34 [23.8–42.5] 31 [20–42.1]
Fat-free mass (kg) 56 [51.1–64.2] 55 [42.4–62.9]
Fat percentage (kg) 29 [25.2–34.1] 31 [28.4–37.3]
Albumin (g/L) 40 3 40 3
CRP (mg/L) 3 [0.9–7.3] 3 [1–7.2]
HbA1C (%) 6 0.5 5.9 0.4
Charlson score 2 [2–3] 3 [2–4]


(continued)
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p¼ .0165), at 4-weeks (p¼ .0087) and at 8-weeks (p¼ .0005)
(see Table 3). Furthermore, patients who were considered to
be inactive were more likely to significantly improve their
functional exercise capacity if they were in the
PREHABþgroup (OR 7.07 [95% CI 1.10–45.51]) (see Table 3).
According to GEE binomial analysis, age was not a factor in
whether the patients were considered to be inactive, however,
women were almost 15 times (OR 14.65 [95% CI
1.86–1115.26]) more likely to not meet ACS guidelines than
their male counterparts (see Table 3).


Compliance with the program


In the PREHABþgroup, compliance to the program, includ-
ing the supervised exercise sessions, was 98% (see Table 2).
After surgery, compliance to the prescribed program was
similar between both groups, which was over 70% at any
time point during the study.


Post-operative outcomes at 30 days after surgery


The length of first stay, emergency department visits and
complications rate was similar between both groups (see
Supplementary Data). Hospital readmission and the total dur-
ation of hospitalization tended to be higher in the
PREHABþgroup, but not when analyzed in an intention-to-
treat fashion, in which we considered patients who were
excluded after surgery due to missing 6MWD at follow-ups
(see Supplementary Data).


Discussion


The present results show that, contrary to our original
hypothesis, both PREHABþ and REHAB groups increased
their walking capacity during the pre-operative period and
no difference was found between the two groups. Patients
who were assigned to the supervised multimodal prehabilita-
tion program improved their walking capacity by an average
of 21 m in the preoperative period, and over 50% walked
over 20 m, a measure of functional capacity considered clin-
ically significant [26]. The amount of energy spent on moder-
ate and vigorous physical activities increased from 10 to


24 kcal/kg/week and the proportion of patients who met the
current ACS recommendations of performing 150minutes per
week of moderate to vigorous physical activity [29] increased
from 49% (95% CI¼ 37–78%) to 87% (95% CI¼ 55–97%). A
dose–response relationship was observed between high
energy expenditure of physical activities and 6MWD achieved
[4]. Compliance with the supervised sessions was 98% and
over 90% in the home-based component. It is interesting to
note that, within the inactive patients, those who received
prehabilitation were seven times more likely to improve their
walking distance in a significant fashion than those who
received rehabilitation alone.


In contrast, the REHAB group increased their 6MWD by
10 m and 38% of these patients improved their walking cap-
acity over 20 m. No changes in physical activity were shown,
highlighting the low proportion of patients who met the ACS
recommendations.


We had hypothesized that one day per week of super-
vised exercise, when added to the home-based program in
the pre-surgical period, would have further improved func-
tional capacity and, subsequently, attenuating the postopera-
tive drop in 6MWD distances that we have previously
reported in our prehabilitation studies [4,5]. Although compli-
ance to the supervised exercise sessions was 98%, the
increase in the 6MWD was of a similar magnitude to that
previously shown in the Gillis study [4] where no supervised
exercise sessions were provided. The reasons for the lack of
effect are not clear but could be due to a high motivation to
perform exercise in the Gillis study or that – in this study – a
higher exercise intensity and/or greater amount of supervised
exercise sessions is required to attenuate the immediate
post-operative decline.


The lack of preoperative difference in 6MWD between the
PREHABþ and REHAB groups was mostly unexpected. This
could be due to various reasons such as the relatively small
sample size, the initial fitness level of the REHAB group (as
indicated by their baseline 6MWD results), the lower propor-
tion of subjects over the age of 75 years in the REHAB group
(23%) compared with 43% in the PREHABþ group or, again,
an insufficient number of supervised sessions or intensity of
exercise . It is also possible that, by participating in a study
on the effect of exercise on the postoperative outcome,
some of the patients in the REHAB group had become active,


Table 1. Continued


PREHABþ REHAB
Variable N¼ 37 n¼ 26


CR-POSSUM
Physiological score


Median, IQR 9 [9–11] 9 [7.5–10]
Operative score


Median, IQR 7 [7–10.5] 7 [6–8.5]
HADS
Suggestive of anxiety (score >7)


n, % 13 35% 6 23%
Suggestive of depression (score >7)


n, % 4 11% 5 19%


BMI: body mass index; ASA: American Society of Anesthesiologists; COPD: chronic obstructive pulmonary
disease; CAD: coronary artery disease; HTN: hypertension; PVD: peripheral vascular disease; AF: atrial fibrilla-
tion; CHAMPS: Community Healthy Activity Model Programme for Seniors; CRP: C-reactive protein; HbA1C:
glycated hemoglobic; HADS: Hospital Anxiety Depression Scale; IQR: inter-quartile range.
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or more active, in light of their upcoming surgery. In fact,
38% of these patients increased their 6MWD over 20 m, indi-
cating that bias in the form of contamination is also possible.
In the light of their baseline assessment, some patients
assigned to this group may have sought outside help or
guidance to improve their pre-operative physical condition.
However, as indicated in Table 2, there was no significant
increase in their self-reported physical activity. As their mean
walking capacity was already high, with their predicted
6MWD over 70%, and with a low proportion of patients walk-
ing less than 400 m in 6min, it could be interpreted that this
group was in better baseline physical condition than the
PREHABþgroup.


Training supervision has been studied extensively in the
context of rehabilitation after cardiac surgery and myocardial
infarction, which consists mainly of aerobic physical activity
[6]. In a recent Cochrane review, both home-based vs. trad-
itional center-based forms of cardiac rehabilitation were
observed to be equally safe and effective at improving clin-
ical outcomes in low-risk heart failure and coronary heart dis-
ease patient [33]. However, a degree of supervision is still
maintained through follow-up visits, phone calls by health-
care professionals or self-monitoring diaries. A systematic
review of 25 RCTs that studied exercise programs in patients
with peripheral vascular disease demonstrated the benefits of
a supervised training intervention on walking capacity [34].
The addition of supervised sessions to a partially home-based
exercise program has also been shown to provide better
motivational outcomes in patients who were post-cancer
therapy. Namely, breast cancer survivors who participated in
a 12-week exercise program, including twice weekly super-
vised sessions, were more active and motivated to remain
active for a period up to 5 years post-intervention than those
who were unsupervised [8]. Similar benefits from supervised
training sessions were observed in lung cancer survivors [10].
It remains to be seen whether the frequency of exercise ses-
sions is more important than the intensity of the training,
although recent studies seem to indicate a role for higher
intensity training to achieve greater effect [35].


After surgery, there was no difference in postoperative
functional capacity between the REHAB and
PREHABþgroups, and the proportion of patients returning
to baseline 6MWD at 4 and 8 weeks was also similar. This
can be explained by either the patients in the REHAB groupTa


bl
e
2.


Cl
in
ic
al


ou
tc
om


es
.


Ba
se
lin
e


Pr
eo
p


4
w
ee
ks


8
w
ee
ks


As
se
ss
m
en
t


Pr
eh
ab


Re
ha
b


Pr
eh
ab


Re
ha
b


Pr
eh
ab


Re
ha
b


Pr
eh
ab


Re
ha
b


6
M
W
D


W
al
ki
ng


di
st
an
ce


in
m
et
er
s,
m
ea
n
(S
D
)


44
8
(1
18
)


46
1
(1
09
)


47
0
(1
18
)


47
1
(1
08
)


44
1
(1
20
)


44
4
(1
16
)


46
8
(1
18
)


47
2
(1
08
)


M
ea
n
ch
an
ge


co
m
pa
re
d
to


ba
se
lin
e,
n


(%
)


21
(4
7)


10
(3
0)


–5
(6
7)


–1
7
(8
5)


20
(5
4)


11
(5
8)


N
o.


of
pa
tie
nt
s
w
ho


im
pr
ov
ed


6M
W
D
co
m
pa
re
d
to


ba
se
lin
e


Im
pr
ov
em


en
t,
ch
an
ge


�2
0
m
,n


(%
)


20
(5
4%


)
10


(3
8%


)
11


(3
0%


)
9
(3
5%


)
17


(4
6%


)
12


(4
6%


)
N
o
im
pr
ov
em


en
t,
ch
an
ge


<
20


m
,n


(%
)


17
(4
6%


)
16


(6
2%


)
26


(7
0%


)
17


(6
5%


)
20


(5
4%


)
14


(5
4%


)
Se
lf-
re
po


rt
ed


ph
ys
ic
al


ac
tiv
ity
,C


H
AM


PS
(k
ca
l/k
g/
w
ee
k)


Li
gh


t
(k
ca
l/k
g/
w
ee
k)


10
[5
–2
7.
5]


13
.8


[5
.3
–3
5]


10
[5
–2
1.
3]


10
[5
–3
5.
6]


5
[1
.9
–1
8.
1]


10
[1
.3
–2
5]


12
.5


[3
.8
–2
5]


13
.8


[8
.4
–2
5.
6]


M
od


er
at
e
to


vi
go


ro
us


(k
ca
l/k
g/
w
ee
k)


10
[2
.5
–4
4.
3]


11
.3


[0
–3
3.
9]


24
[1
2.
4–
47
.3
]�


13
.8


[0
–2
7.
4]


13
[1
.8
–2
5.
6]


12
[4
.9
–1
8.
8]


30
.5


[1
3.
5–
52
.9
]�


14
[2
.7
–3
1.
1]


To
ta
l(
kc
al
/k
g/
w
ee
k)


37
.5


[1
5.
3–
64
.5
]


38
.5


[1
0–
58
.3
]


45
[1
9.
1–
69
.3
]


31
.1


[7
.8
–7
0.
8]


25
.1


[1
1.
7–
39
.9
]


23
[1
1.
5–
37
.3
]


46
.8


[2
6.
3–
85
.1
]


28
.4


[1
5.
1–
58
]


N
um


be
r
of


pa
tie
nt
s
m
ee
tin


g
AC


S
ph


ys
ic
al


ac
tiv
ity


re
co
m
m
en
da
tio


n,
n
(%


)
18


(4
9%


)
13


(5
0%


)
32


(8
6%


)�
15


(5
8%


)
20


(5
4%


)
15


(5
8%


)
29


(7
8%


)�
13


(5
0%


)


M
ea
n
co
m
pl
ia
nc
e
to


m
ul
tim


od
al


pr
og


ra
m


si
nc
e
pr
ev
io
us


as
se
ss
m
en
t


Ex
er
ci
se


98
%


72
%


79
%


82
%


75
%


N
ut
rit
io
n


10
0%


91
%


84
%


92
%


83
%


6M
W
D
:
6
m
in
ut
e
w
al
ki
ng


di
st
an
ce
;
CH


AM
PS
:
Co


m
m
un


ity
H
ea
lth


y
Ac
tiv
ity


M
od


el
Pr
og


ra
m
m
e
fo
r
Se
ni
or
s;


lig
ht


ph
ys
ic
al


ac
tiv
ity
:
de
fin


ed
as


1–
3
M
ET
S
or


m
et
ab
ol
ic


eq
ui
va
le
nt
s;


m
od


er
at
e
to


vi
go


ro
us


ph
ys
ic
al


ac
tiv
ity
:


de
fin


ed
as


>
3
M
ET
S
or


m
et
ab
ol
ic
eq
ui
va
le
nt
s;
AC


S:
Am


er
ic
an


Ca
nc
er


So
ci
et
y.


� p
<
.0
5.


Table 3. 6MWD change in patients categorized by physical activity levels (GEE
binomial).


Patients who did not
meet ACS requirements


(inactive)


Patients who met
ACS requirements


(active)
Adjusted Adjusted


Variable OR (95% CI) OR (95% CI)


Change in 6MWD
<20 1 1
�20 7.07 (1.10–45.51) 1.86 (0.55–6.30)


Age 0.96 (0.86–1.07) 0.94 (0.89–1.00)
Sex


Male 1 1
Female 14.65(1.86–115.26) 1.35 (0.27–6.63)


Body mass index 1.07 (0.90–1.26) 1.05 (0.91–1.21)
Glycated hemoglobin (HbA1C) 0.10 (0.01–0.48) 0.48 (0.18–1.32)
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tending to be younger (p¼ .05) with a lower proportion of
patients over 75 years (23% vs. 43%) or they had a higher
baseline 6MWD (mean 461 m vs. 448 m). In addition, the
effect of in-hospital exercise training might have motivated
the REHAB group to become more involved in the program
once they reached home.


Although PREHABþdid not result in either a greater dif-
ference in 6MWD than the REHAB group or mitigating the
drop in immediate post-surgical functional capacity, it was
successful in shifting a greater number of patients to perform
more moderate to vigorous physical activities. Importantly,
this change in physical activity also meant that a greater
number of patients met physical activity recommendations,
as put forth by the ACS, both preoperatively and at 4 and 8
weeks after surgery. To determine this, the CHAMPS ques-
tionnaire – a validated measurement of surgical recovery that
correlates with physical function – was used, thus further
contributing to the clinical significance of this observation
[28]. This is particularly relevant in assessing the progress of
patients who participate in the prehabilitation program, such
as the frail and sedentary who start with a low CHAMPS
score [36].


In the present study, previously inactive patients – and, in
particular, previously inactive women – who received preha-
bilitation were also more likely to significantly improve their
functional capacity. Such observation confirms previous find-
ings whereby patients whose baseline 6MWD was less than
400 m increased by an average of 45 m if involved in preha-
bilitation [37]. This provides important insight as to which
patients should be specifically targeted to receive a such
as this.


Conclusions


This study demonstrated that one supervised exercise session
per week for 4 weeks did not futher increase further the pre-
operative functional capacity in colorectal cancer patients
from what we have previously reported in studies using a
home-based multimodal prehabilitation program alone.
Despite this, patients who were considered to be the most
inactive significantly increased their degree of physical activ-
ity before surgery and, importantly, accelerated their recovery
of functional capacity after surgery. This was particularly true
for previously inactive women. Our results need careful inter-
pretation as our estimates, based on the small change, could
represent random fluctuations. For these reasons, we con-
sider the data presented here as more exploratory in nature
than confirmatory. Further research is required in order to
identify optimal strategies to increase preoperative physio-
logical reserve in anticipation of surgery. It is also important
to consider, in light of current restraints in both clinical set-
tings and financial costs, which patients might benefit the
most from interventions such as this.
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KEY POINTS


� Surgical prehabilitation is the process on the continuum of care that occurs between
cancer diagnosis and surgical treatment.


� Physiologic principles support the implementation of either unimodal or multimodal
preoperative interventions in patients diagnosed with cancer and requiring surgical
intervention.
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Continued


� Recommendations are proposed to advance research in surgical prehabilitation by iden-
tifying the role of exercise, nutritional optimization, and psychological stress reduction in
order to increase physiologic reserves in anticipation of surgery.


� There is a need to determine the impact of prehabilitation on length of stay, unanticipated
readmissions and emergency department visits, perioperative complications, short-term
impairments, long-term impairments, late effects, and associated disability and delays to
planned postsurgical oncologic treatment.
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INTRODUCTION


Surgery remains a cornerstone of oncology treatment, and minimally invasive
approaches, enhanced recovery pathways (ERPs), and other interventions have
improved safety and patient outcomes.1 However, despite these advances, major
cancer resections of the bladder, pancreas, lung, or esophagus have mortalities of
4% to 9%2 and high morbidities persist even for lower-risk procedures like colorectal
resection, ranging from 25% to 50%.3 Postoperative complications prolong hospital
lengths of stay, increase readmissions and elevate costs, impact patient functioning
and quality of life, and may have long-term implications on mortality.4 Tissue trauma,
reduced physical activity, quasi-starvation, and psychological distress associated
with major surgery result in a rapid decline in functional capacity, followed by slow re-
covery.5 At-risk populations, including the elderly, are more susceptible to the nega-
tive effects of surgical stress, and some never regain their baseline functioning. Poor
preoperative fitness and physical status are risk factors for serious postoperative
complications and prolonged disability.6 Neoadjuvant oncologic therapies may be
associated with additional degradations of physical fitness before surgery.7


The preoperative period may provide an opportunity to increase the physiologic
reserve in the anticipation of neoadjuvant therapies and surgery with the intention to
improve outcomes and accelerate recovery (Fig. 1).8 Much as someone might train
for any upcoming physical challenge, prehabilitation is a compelling strategy to
address modifiable risk factors that impact cancer treatment outcomes.
Cancer prehabilitation is “A process on the cancer continuum of care that occurs


between the time of cancer diagnosis and the beginning of acute treatment and

Fig. 1. Theoretic model of surgical prehabilitation based on the concept of increasing func-
tional capacity before surgery. (Adapted from Carli F, Zavorsky GS. Optimizing functional exer-
cise capacity in the elderly surgical population. Curr Opin Clin Nutr Metab Care 2005;8(1):25;
with permission.)
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includes physical and psychological assessments that establish a baseline functional
level, identify impairments, and provide interventions that promote physical and psy-
chological health to reduce the incidence and/or severity of future impairments”
(Fig. 2).9 Of note, prehabilitation is not a “one size fits all” program before surgery,
but rather involves specific individualized assessments and interventions that are likely
to improve outcomes for each patient. Much of the early cancer prehabilitation litera-
ture focused on exercise as a single modality intervention9; however, recent reports
have investigated other modalities such as nutritional10 and psychological11 interven-
tions either alone or in combination with exercise.12,13 This expanding scope of preha-
bilitation is likely due to the acknowledgment that non–exercise interventions may be
beneficial as well as that prescribing exercise as a single modality shortly before sur-
gery may actually be detrimental to some patients who lack physiologic reserves. For
example, frail elderly patients known to be at high risk for postoperative complications
often present with decreased muscle mass and low protein reserves, and they may
not tolerate an increase in exercise before surgery without protein supplementation.
Although there is encouraging evidence in support of surgical prehabilitation in
abdominal surgery,14,15 much remains to be studied.
Beginning in early 2015, a 10-member panel of Canadian and US prehabilitation


subject matter experts was invited to work collaboratively in an effort to describe
the current state-of-the-science in oncology surgical prehabilitation. The panel then
convened in November 2015 for 2 days at the McGill University Health Centre in
Montreal, Quebec, Canada, to discuss their findings and reach consensus on recom-
mendations for future research directions. This report summarizes the current state-
of-the-science and recommends directions for future research.

THE ROLE OF EXERCISE IN SURGICAL PREHABILITATION
Exercise in the Cancer Trajectory


Regular exercise has long been recognized as an effective means of preventing dis-
ease.16 Cardiac and other types of rehabilitation have also incorporated exercise
into comprehensive disease management. Studies of subjects confined to bed rest
highlight the rapid loss of physical function17 and insulin sensitivity18 that occur with
sedentary behavior.
Robust evidence supports the role of structured exercise as a means of enhancing


diverse outcomes during and following the active phase of cancer treatment.19 Of late,
exercise is also gaining acceptance for its potential in the preintervention period.13 As
it becomes increasingly clear that exercise plays an important role in both cancer

Fig. 2. Assessment and interventions designed to improve outcomes and reduce health
care costs are possible across the care continuum beginning with the preoperative phase
(prehabilitation) and transitioning to the perioperative phase (enhanced recovery
programs) and postoperative phase (rehabilitation).
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prevention and treatment, tailoring validated exercise programs can be challenging in
this patient population.
Precisely defining exercise is challenging because there are many definitions in the


literature. For the purposes of this report, exercise encompasses regular physical ac-
tivity that is incorporated into a planned and structured program. This planned pro-
gram contrasts with generic recommendations to increase physical activity
preoperatively.14 Furthermore, exercise designed to improve overall cardiovascular
or muscular fitness is distinct from exercise that is, “targeted” and focuses on the
training or retraining of specific muscles to facilitate disease-specific outcomes
such as improving swallowing in head and neck cancer survivors,20 urinary continence
in patients with prostate cancer,21 and reducing arm, shoulder, and upper quadrant
pain and disability in patients with breast cancer.22


This discussion is focused on the overall cardiovascular and strength training compo-
nents of exercise with specified intensity, frequency, andmodality,13 as more prehabili-
tation research currently supports this than “targeted” exercise. However, future studies
may demonstrate the benefit of targeted exercises in optimizing patient outcomes.


Prescribing Exercise in the Prehabilitation Period


At the present time, there are no guidelines specific for general cardiovascular or resis-
tance exercise in the prehabilitation period. However, the American Cancer Society
has published broad exercise guidelines that recommend23 at least 150 minutes of
moderate or 75 minutes of vigorous intensity (or combination of) exercise per week
and include 2 to 3 sessions of resistance training, involving major muscle groups.
An individual’s baseline health and fitness, as well as cancer diagnosis, treatment
sequelae, and comorbid conditions, should inform exercise prescribing for the patient
with cancer.24 A growing body of evidence highlights the need to consider the type
and amount of activity that is performed during non-exercise time.25 Adequate recov-
ery/rest time (both between sets and sessions) should be included in the prescription,
especially if the individual is unaccustomed to the prescribed activity.26 When consid-
ering exercise as a prehabilitation intervention, “one size does not fit all.” Exercise pre-
scriptions are ideally tailored to baseline levels of fitness (determined by formal
assessment), current health status, and the planned surgical procedure. In some indi-
viduals, exercise is contraindicated altogether or should be modified based on their
health status, and safety in the cancer population is an important consideration.
There is a need in patients with cancer to compare the cost-effectiveness, health


benefits, and adherence rates of different modes of exercise delivery (eg, supervised
personal training, supervised group training, home-based training).27 It is also impor-
tant to establish who should be supervising these exercise programs and what qual-
ifications they should have in order to ensure the safety and address the specific
needs of a patient. Sensor technology has only recently allowed for the generation
of objective data to inform the discussion of fatigue and health-related quality of life
(HRQOL), as well as to inform care delivery. In oncology, the main focus of sensor-
based analyses has been in the survivor population. Trials using sensor technologies
have shown a relationship between moderate to vigorous physical activity (MVPA),
sedentary time (SED), and health-related quality of life (HRQOL). Examples include
a study of 199 breast cancer survivors showing that levels of pain, fatigue, and
dysphoria are related to the amount of MVPA and SED experienced,28 and a study
showing that participants who achieved 150 minutes of MVPA per week had 18%
higher HRQOL relative to those who reported no MVPA.29 Even more nascent, yet
equally important, is the use of sensors in the analysis of sleep among oncology pa-
tients. The rate of sleep disturbance among patients with cancer ranges from 25%

ed for Anonymous User (n/a) at Northwestern University - Evanston from ClinicalKey.com by Elsevier on August 01, 2017.
For personal use only. No other uses without permission. Copyright ©2017. Elsevier Inc. All rights reserved.







Surgical Prehabilitation in Patients with Cancer 53


Do

to 59%,30,31 and the quality of sleep may impact quality of life. The increasing use of
sensors in the community and acceptance by the public have paved the way to inte-
grating them into research studies and clinical care.


THE ROLE OF NUTRITION IN SURGICAL PREHABILITATION
Malnutrition and Nutritional Risk


Malnutrition arises from inadequate intake and/or metabolic and inflammatory alter-
ations that alter nutrient requirements or absorption, which, ultimately, leads to
wasting and diminished physical function. The cause of malnutrition is generally multi-
factorial and includes gastrointestinal (GI) abnormalities (eg, nausea, diarrhea), tumor-
related mechanisms (eg, obstruction), and tumor-induced metabolic abnormalities
(eg, insulin resistance, catabolism), as well as anticancer therapies that provoke
anorexia and GI derangements.32 Data on the prevalence of malnutrition vary based
on tumor type, site, and advancement of disease as well as anticancer treatment;
however, the prevalence of malnutrition associated with body wasting among patients
with cancer with either early or late disease has been estimated to range between 28%
and 57%.33 Perioperative treatment of disease-related malnutrition with oral nutrition
supplements or enteral nutrition might reduce rates of mortality and morbidity.34


Moreover, recent North American surgical consensus recommendations suggest
moving beyond treating malnutrition to proactive preoperative nutritional therapy in
all “at-risk” patients to potentially mitigate complication rates and severity.35 As a
result, early determination of malnutrition risk, for the purpose of eliciting a compre-
hensive dietary consult, throughout the continuum of care for oncologic and surgical
patients, is increasingly recognized as a significant component of quality care.36


A systematic approach to identifying and treating patients at nutritional risk should
be established. Several nutrition screening tools, such as the Nutrition Risk Screening
2002 and Subjective Global Assessment, have been used and validated in surgical
populations.37,38


Nutritional Care Goals


The primary goal of oncologic and perioperative nutritional care is to decrease the inci-
dence and severity of nausea and vomiting, improve appetite recovery, enhance immu-
nity, support normoglycemia, and provide sufficient protein intake to achieve anabolism
and enough energy to maintain body weight. It is becoming increasingly evident that
these interventions should begin preoperatively. The use of appropriate assessments,
such as that to detect malnutrition, before surgery permits patient-specific treatments
that can improve metabolic status. The goals would include improved postoperative
outcomes as well as less nutritional support needed after surgery.


Optimal Nutrition Care: A Combination of Oral Nutrition Supplements and Dietary
Counseling


A Cochrane Review did not find a reduction of complications or length of hospital stay
with the use of standard preoperative oral nutritional supplements in patients under-
going GI surgery.36 Although some benefits were found with immune-enhancing nutri-
ents, these results cannot yet be generalized to the ERP population. A combination of
both individualized nutrition counseling and oral nutritional supplements has been
proven to be effective in building functional capacity in prehabilitation trials.39


Integrating Nutrition with Exercise


Observational evidence suggests that patients with higher preoperative lean body
mass (ie, reserve) are better able to cope with surgical stress as determined by
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reduced complications and earlier discharge.40 In order to generate a positive net pro-
tein balance in favor of lean body mass accretion, exogenous amino acids must be
administered to produce a state in which protein synthesis exceeds that of protein
breakdown. Twenty grams of protein (in liquid form) taken immediately after resistance
exercise is regarded as sufficient to maximally stimulate muscle protein synthesis in
healthy individuals.41 The optimal after-exercise diet to support lean bodymass accre-
tion in patients with cancer should be investigated. Although most of the literature has
focused on assessing malnutrition and providing interventions to those with docu-
mented problems, a recent study suggests that even patients with cancer with no clin-
ical signs of malnutrition may have better outcomes with dietary intervention.10 Finally,
omega-3 fatty acids, particularly eicosapentaenoic acid and docosahexaenoic acid,
which are found naturally in fish oils, have been identified in several randomized
controlled trials to reduce oxidative stress and inflammation in cancer and surgical pa-
tients,42 which may translate into minimized loss of lean body tissue.43 Adequate di-
etary intake of these nutrients should thus be a consideration in dietary planning.


THE ROLE OF PSYCHOLOGICAL STRESS REDUCTION IN SURGICAL PREHABILITATION
Emotional Stress and Its Impact on Perioperative Outcome


A recently published systematic review on psychological surgical prehabilitation sug-
gests a positive role.11 A large body of published literature suggests associations of
patients’ preoperative psychological state with their postoperative recovery, including
wound healing, infection, function, and length of hospital stay.44 For instance, anxiety
and depression can predict surgical outcome, even after known physiologic factors
are accounted for.45 Presence of depression increases the length of hospitalization
for patients undergoing thoracic surgery for cancer46 and is associated with poor
compliance to medical treatment.47


Preoperative anxiety and its concomitant stress response are the most frequently
cited psychological factors to affect wound healing, hospital stay, return to function,
and satisfaction with surgery.48 Trait and state anxiety have been shown to have sig-
nificant effect on postoperative complications and impaired wound healing.49 The
diagnosis of cancer and the addition of neoadjuvant chemoradiation therapy enhance
even further the emotional stress in anticipation of surgery.


Preoperative Strategies to Attenuate Anxiety


Evidence-based perioperative psychological interventions effectively reduce anxiety
in surgical patients.49 Reduced anxiety has been empirically linked to improvements
in patients’ immunologic function, as well as self-reported psychological outcomes,
quality of life, and somatic symptoms. However, these strategies did not affect tradi-
tional surgical outcomes, including length of hospital stay, complications, analgesic
use, or mortality. A wide variety of anxiety-reducing approaches have been used,
including relaxation training and education, deep breathing exercises, visualization,
yoga, and music in the perioperative setting.11 Music therapy can reduce postopera-
tive anxiety, pain, and analgesia requirements as well as improve patient satisfaction,
by reducing sympathetic arousal.50


THE ROLE OF SMOKING CESSATION IN SURGICAL PREHABILITATION


The literature shows that patients with cancer who successfully abstain from smoking
before surgery have reduced risk of postoperative complications and improved per-
formance status and quality-of-life measures.51 In contrast, patients with cancer
who continue to smoke face an increased risk of postoperative complications,
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impaired wound healing, delays to adjuvant chemotherapy, increased recurrence and
second primaries, and increased mortality.52,53


Although smoking cessation has not been well studied as a prehabilitation interven-
tion, this panel of subject matter experts recommends addressing nicotine depen-
dence at the time of cancer diagnosis, initiating smoking cessation therapy, and
using the eventual hospitalization to reinforce abstinence. Best practices in smoking
cessation suggest counseling along with either combination nicotine replacement
therapy (cNRT) or Varenicline.54 cNRT is a recommended first-line treatment espe-
cially in those more motivated to quit. Prescriptions consist of appropriately dosed
transdermal nicotine (patch) and a short-acting nicotine to be used as needed for crav-
ings. If there are no contraindications, Varenicline is an equally good choice54 and may
be a preferred treatment in the ambivalent smoker due to its flexible target quit date of
8 to 35 days.55 Nicotine replacement can be combined with Varenicline to help addi-
tional cravings.56 Either NRT or Varenicline monotherapy may also be used in those
patients who are not ready to quit but are willing to reduce tobacco consumption
(Table 1).57,58

PREHABILITATION AS PART OF AN ENHANCED RECOVERY STRATEGY TO ATTENUATE
SURGICAL STRESS AND IMPROVE RECOVERY


Major surgery triggers a range of endocrinologic, immunologic, and hematologic
changes as a result of inflammatory mediators released in response to tissue injury
as well as afferent impulses from the injury site. A central feature of the metabolic

Table 1
Therapeutic strategies of smoking cessation


Combination NRT
Varenicline ± Short-
Acting NRT NRT Monotherapy


Motivated to quit Appropriately dosed
TD nicotine patch in
combination with
short acting NRT
used PRN for
cravings


Acceptable regimen Not recommended as
first line


Ambivalent smoker Acceptable regimen Encourage continued
smoking until target
quit date chosen by
patient, usually day
8–35


Not recommended as
first line


Unwilling to make a
quit attempt


Acceptable regimen Acceptable regimen in
patient willing to
make a quit attempt
within 3 mo


Long-term TD nicotine
patch to
significantly reduce
the number of
cigarettes smoked


Appropriately dosed patch depends on daily smoking. Typical starting dose is 21 mg daily. For
smokers of 25 to 30 cigarettes per day, start TD nicotine at 28 mg daily. For smokers of 30 to 40
cigarettes per day, start TD nicotine at 35 mg.


Short-acting NRT includes nicotine gum, lozenge, spray, or inhaler, used hourly as needed for
cravings.


Varenicline may be prescribed as long as there are no identified contraindications. Usual pre-
scription is the Starter Pack followed by 1 mg BID.


Abbreviations: NRT, nicotine replacement therapy; TD, transdermal.
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response to injury is the development of a state of acute insulin resistance,59 which is
greatest on the day of surgery but may persist for weeks and is associated with
increased morbidity. Clinically, the stress response is manifested as hyperglycemia,
pain, tachycardia, hypoxia, cognitive disturbance, anxiety, acidosis, ileus, hypercoag-
ulability, and loss of muscle mass.59 As mentioned earlier, ERPs are care pathways
that integrate multiple evidence-based perioperative interventions into a cohesive
plan with the aim to attenuate the stress response. A large body of evidence supports
the use of ERPs to organize perioperative care.60 One meta-analysis of 38 randomized
trials concluded that ERPs reduced the risk of complications by about 30% and was
associated with reduced hospital stay by about 1 day overall and no increase in
readmissions.61


Prehabilitation and ERPs should both be part of an integrated surgical care con-
tinuum (see Fig. 2). A single modality may not be powerful enough to change out-
comes, but combined with other modalities, the effect may be more significant.
This effect is often called the “sum of small gains,” whereby multiple interventions,
each of which may have a small benefit on its own, have a synergistic effect when
combined.1 Although prehabilitation is distinct from other preoperative preparation,
there is some overlap, and it is important that prehabilitation be part of a continuum
of care in which changes made preoperatively are supported throughout the periop-
erative period, as in an ERP.

SPECIFIC EXAMPLES OF SURGICAL PREHABILITATION


Although surgical prehabilitation programs are not routinely part of current clinical
practice, specialties such as thoracic, colorectal, and breast surgery have intro-
duced some interventions to mitigate the surgical stress and facilitate recovery. In
this section, examples of surgical prehabilitation are presented for each of the 3 spe-
cialties with particular attention to the characteristics of the specific patient
population.


Surgical Prehabilitation for Lung Cancer


Lung cancer is the leading cause of cancer-related mortality in both men and women
in the United States.62 The 2 most important risk factors for the development of lung
cancer are tobacco use and advanced age.63 Computed tomographic lung screening
is being widely implemented in the United States for high-risk patients, because it has
been shown to be an effective secondary prevention intervention, which has the po-
tential to improve the 5-year overall survival of patients with lung cancer—currently
at 17.4%.64 The anticipated growth in the population of early stage patients with
lung cancer identified through screening will result in a significant increase in the num-
ber of patients with potentially resectable disease but who are aging and often seden-
tary patients with lung cancer with multiple comorbidities. Therefore, prehabilitation
may provide a unique opportunity to facilitate better surgical outcomes.
Most of the literature on rehabilitation in patients undergoing thoracic surgery has


addressed the role of respiratory therapy either before or after surgery with moderate
impact on postoperative outcome.65 A recent systematic review on the effect of pre-
operative exercise therapy based on moderate to intense exercise in patients sched-
uled for lung surgery showed beneficial effects on aerobic capacity, physical fitness,
and quality of life.66 The rationale of assessing lung reserve by cardiopulmonary exer-
cise testing (CPET) in this population is to increase aerobic reserve in anticipation of
the removal of part of the lung. Although most of the studies looked at the role of ex-
ercise alone, it is important to also consider multimodal interventions (Box 1).
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Box 1


Surgical prehabilitation for lung cancer


What is known:


� Several publications on standard pulmonary rehabilitation (physical therapy, smoking
cessation) started before surgery confirm some improvement in dyspnea scores and in
functional exercise capacity (6-minute walk distance), and reduction on postoperative
morbidity, with fewer days of chest tube in place. Little effect if pulmonary rehabilitation is
performed after surgery.


� Preoperative moderate or intense exercise improves aerobic capacity, physical fitness, and
quality of life.


� High level of depression impacts negatively on duration of hospital stay and mortality.


Gaps in research:


� Determine the impact of introducing a lung surgery–specific standardized ERPs on
postoperative outcome.


� Develop structured, patient-tailored, exercise programs based on objective assessment of
cardiopulmonary function (anaerobic threshold, VO2 peak, 6 MWT), physical strength,
flexibility and pulmonary function tests.


� Define timing, intensity, duration of training methods to be used also in presence of chronic
obstructive pulmonary disease.


� Develop nutritional assessment and determine which nutritional intake (proteins and
energy) is appropriate to overcome respiratory muscle weakness.


� Introduce group therapy to mitigate the impact of anxiety and depression on postoperative
outcome.


� Determine, by using appropriate metrics, the impact of multimodal interventions on
postoperative complications, length of stay (LOS), readmission rate, progression of the
disease.
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Surgical Prehabilitation for Colorectal Cancer


The incidence of colorectal cancer continues to increase, and although the mortality
has decreased over the years, the burden of the disease is still high. Modifiable risk
factors for colorectal cancer include sedentary lifestyle as well as high-fat and low-
fiber diets, heavy alcohol consumption, and cigarette smoking. These risk factors
also have an impact on cardiorespiratory and metabolic systems, thus leading to
high comorbidity rate in this population.67 In view of the great number of postoperative
complications and a 30% to 40% reduction in functional walking capacity,68 this type
of surgery may be amenable to outcome enhancement through prehabilitation. ERPs
for colorectal surgery have been in place for more than a decade demonstrating the
positive impact of evidence-based multidisciplinary interventions on postoperative
outcomes.69 Although the initial introduction of prehabilitation programs using intense
exercise showed poor compliance and modest changes in postoperative functional
capacity,70 multimodal structured prehabilitation protocols, which included aerobic
and resistance exercises together with protein supplementation and relaxation strate-
gies, showed a positive impact on preoperative physiologic reserve with sustained
levels of functional capacity after surgery.12 More than 80% of patients who received
the multimodal prehabilitation program returned to baseline values of functional
walking capacity by 8 weeks. In contrast, only 40% of patients who did not receive
prehabilitation returned to baseline values.12 Recently, a consensus among an expert
group of colorectal surgeons highlighted the potential benefits of preoperative
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exercise in patients undergoing tumor resections.71 The ongoing CHALLENGE (Colon
Health and Life Health and Life-Long Exercise Change) trial will determine the impact
of supervised exercise on survival.72


Although the early evidence that prehabilitation may support better outcomes in the
colorectal cancer surgery populations is encouraging, it remains to be seen if preop-
erative interventions will reduce complications and unplanned health care utilization
(Box 2).


Surgical Prehabilitation for Breast Cancer


Breast cancer is the most commonly diagnosed cancer among women and has one of
the highest survival rates of all cancer diagnoses.73 Morbidity and disability rates are
reported in up to 60% of breast cancer survivors.74 Despite recent evidence support-
ing pretreatment and prospective screening and assessment for early identification
and treatment of breast cancer treatment-related impairments,75,76 there have been
very few reports on breast cancer prehabilitation and its effect on improving out-
comes. One recent study reported positive results on upper extremity prehabilitation
to improve shoulder pain and abduction range of motion after breast cancer surgery.77


Further research in this population is needed because there is merit to considering
systemic prehabilitation as a value added intervention (Box 3).

Box 2


Surgical prehabilitation for colorectal cancer


What is known:


� ERPs in colorectal surgery are well documented with positive impact on LOS, but not
significant reduction in on postoperative morbidity.


� Consensus among an expert group of colorectal surgeons on potential benefits of
preoperative exercise.


� Only 2 randomized controlled trials (RCTs) using exercise preoperatively, one with moderate
exercise and positive impact on postoperative complications, and the other using an
intensive exercise program and no effect on postoperative functional capacity.


� One pilot and one RCT comparing 4-week multimodal (exercise, nutritional supplements,
relaxation) prehabilitation versus rehabilitation. Significant postoperative improvement in
functional capacity in the prehabilitation group.


� Modest increase in functional capacity if nutritional supplementation alone.


� Supervised intense exercise after neoadjuvant chemoradiotherapy improved significantly
cardiopulmonary function.


Gaps in research:


� Standardize assessment of exercise capacity (CPET, walk test, physical activity) to plan the
tailored exercise (aerobic, resistance) and measures of detecting improvement.


� Determine whether the intensity, duration, and supervision of endurance exercise before
surgery, by increasing levels of activity before and after surgery, impact positively on
postoperative LOS, unanticipated readmission or emergency department visits, and
complications.


� Identify if vulnerable patients, such as frail, elderly, with many comorbidities, would benefit
from multimodal prehabilitation.


� Verify whether multimodal prehabilitation may improve diagnosis by reducing the time
frame from surgery to the start of chemotherapy or other treatment.
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Box 3


Surgical prehabilitation for breast cancer


What is known:


� Many studies report the beneficial effect of postoperative therapeutic exercises to minimize
the disability burden associated with breast surgery.


� No structured systemic prehabilitation program to prevent breast cancer treatment–related
morbidity and disability has been addressed.


Gaps in research:


� Identify valid and reliable patient-reported outcomes measures that are most sensitive to
assess the premorbid condition of the patient.


� Identify clinical measurement tools with sensitivity and specificity sufficient to contribute to
accurate screening for morbidity before and during cancer treatment.


� Identify an evidence-based, upper quadrant therapeutic exercise program and study its
impact on functional recovery when taught and incorporated into a prehabilitation plan
of care.


� Study the impact of pretreatment education for health-promoting skills and behaviors,
including exercise, nutrition, and cognitive function.


� Determine if prehabilitation intervention for a cohort of patients with pre-existing shoulder
and arm morbidity impacts overall functional recovery after treatment.


� Investigate patient perceptions and perspectives on the benefits of prehabilitation and
identify if cancer treatment outcomes and adherence to treatment recommendations are
different among patients undergoing a prehabilitation plan of care.
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SUMMARY


Prehabilitation in patients with cancer may offer an opportunity to preserve or enhance
physiologic integrity and optimize surgical recovery. This panel of subject matter ex-
perts reached consensus on the following recommendations for future research on
surgical prehabilitation.

RESEARCH RECOMMENDATIONS


1. Determine the impact of prehabilitation on physical and psychological health in pa-
tients with cancer
a. which patients are most likely to benefit
b. whether prehabilitation can increase surgical candidacy in high-risk patients


2. Determine the impact of prehabilitation on
a. health care utilization
b. perioperative complications
c. the metabolic response to surgery
d. physical functioning
e. timing of recommended oncologic treatment
f. adherence to recommended oncologic treatment


3. Characterize the performance of measures to assess baseline status and evaluate
effectiveness of prehabilitation.


4. Identify procedure-specific prehabilitation assessments and interventions for spe-
cific patient populations.
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FREQUENCY • Walk 2 to 3 times per day. 
• Continue your walking program until your scheduled surgery.


INTENSITY
• You should walk with light to moderate effort. Use the Walking Effort 


Scale.


• You should not feel over exerted.


TIME


• Begin walking a length of time that feels comfortable to you.


• You may start by walking for 5 minutes.


• Progress your walking by 30 seconds to 1 minute each day as you  
feel comfortable.


Points to remember about walking for exercise:


• Warm up and cool down for 3 to 5 minutes before starting or ending physical activity.


• Do not hold your breath while exercising.  


• Wear proper fitting, comfortable exercise shoes.


• You are safe to continue walking as long as you are able to hold a conversation during activity.


• Stop exercising if you have chest pain or discomfort, shortness of breath, leg cramps, 
dizziness, nausea, or palpitations.  Call your physician if these occur. 


If you will be walking outdoors, follow these guidelines:


• In winter:  Do not exercise outdoors if the temperature is less than 20 degrees or if the wind chill 
factor is less than 10 degrees.


• In summer:  Do not exercise outdoors if the humidity is greater than 75% or if the temperature is 
greater than 80 degrees F.  The best time for exercising is early morning or early evening.
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WALKING EFFORT SCALE


SCORE How do you feel when you walk?


10
MAXIMUM EFFORT 


Feels almost impossible to keep going. You are completely out of breath  
and unable to talk. You cannot continue much longer.


9
VERY HARD EFFORT


It is very hard to keep walking at this level. You can barely breathe and can 
speak only a few words at a time.


6 to 8
VIGOROUS EFFORT


Walking is becoming uncomfortable. You feel a little short of breath,  
but you can still speak a sentence.


4 to 5
MODERATE EFFORT


You are breathing harder, but still comfortable. Walking is more challenging, 
but you don’t want to stop yet.


2 to 3
LIGHT EFFORT


You feel like you can walk for hours. It is easy to breathe and carry  
on a conversation.


1
VERY LIGHT EFFORT


You are walking with hardly any effort, but it is more effort than  
sitting or sleeping.


Please use this chart to keep track of how hard you are walking. Try to stay in the light to moderate 
effort range (score 2 to 5).


Bluhm Cardiovascular Institute  
nm.org
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Objective: Investigation of the feasibility and preliminary effect of a short-term


intensive preoperative exercise programme for elderly patients scheduled for


elective abdominal oncological surgery.


Design: Single-blind randomized controlled pilot study.


Setting: Ordinary hospital in the Netherlands.


Subjects: Forty-two elderly patients (460 years).


Interventions: Patients were randomly assigned to receive a short-term intensive


therapeutic exercise programme to improve muscle strength, aerobic capacity, and


functional activities, given in the outpatient department (intervention group; n¼ 22),


or home-based exercise advice (control group; n¼ 20).


Main measures: Parameters of feasibility, preoperative functional capacity and


postoperative course.


Results: The intensive training programme was feasible, with a high compli-


ance and no adverse events. Respiratory muscle endurance increased in the


preoperative period from 259� 273 to 404� 349 J in the intervention group


and differed significantly from that in the control group (350� 299 to


305� 323 J; P50.01). Timed-Up-and-Go, chair rise time, LASA Physical Activity


Questionnaire, Physical Work Capacity and Quality of Life (EORTC-C30) did not


reveal significant differences between the two groups. There was no significant


difference in postoperative complications and length of hospital stay between


the two groups.


Conclusion: The intensive therapeutic exercise programme was feasible and


improved the respiratory function of patients due to undergo elective abdominal


surgery compared with home-based exercise advice.


Introduction and rationale


About 35% of patients experience postoperative
complications after major abdominal surgery,
including 9% postoperative pulmonary complica-
tions (defined as pneumonia and respiratory fail-
ure). The overall 30-day mortality rate is 10%.1,2
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Preoperative physical capacity is an important pre-
dictor of the postoperative course.3–8 Because the
physical capacity of elderly patients is often dimin-
ished due to a lack of regular physical activity, and
especially prior to surgery,9–12 improvement of
their functional capacity may make them better
prepared for hospital admission and facilitate
recovery after surgery.13


Long-term training appears to be beneficial to
elderly individuals14,15; however, the time available
for training before elective surgery is often limited,
and especially so with oncological surgery. Little
research is available about the effect of short-term
training in the preoperative period. Hulzebos et al.
recently showed short-term preoperative inspira-
tory muscle training to be effective in increasing
inspiratory muscle strength and reducing the inci-
dence of postoperative pulmonary complications
in high-risk patients who underwent a coronary
artery bypass procedure.16 A pilot study revealed
potentially similar effects in elective abdominal
aortic aneurysm surgery.17 The primary aim of
this pilot study is to investigate the feasibility of
a short-term intensive therapeutic exercise pro-
gramme for elderly patients (460 years) scheduled
for elective abdominal oncological surgery and its
effects on muscle strength, aerobic capacity and
functional activities. A secondary objective is to
investigate whether such a programme affects the
incidence of postoperative complications and post-
operative functional recovery.


Methods


The study design was a single-blind pilot rando-
mized controlled trial.


Patients were recruited from the Departments of
Gastroenterology and Surgery of the Gelderse
Vallei Hospital in Ede, an ordinary hospital in
the Netherlands. Inclusion criteria were elective
colon surgery (waiting period minimally two
weeks and first surgical intervention for this
pathology), age �60 years, and adequate cognitive
functioning (a good understanding and accurate
execution of instructions). Exclusion criteria were
heart disease that prohibits or impedes exercise,
severe systemic illness, recent embolism, throm-
bophlebitis, uncontrolled diabetes (fasting blood


glucose of 4400mg/dL), severe orthopaedic
conditions that prohibit or impede exercise, and
wheelchair dependence. The protocol was
approved by the medical ethics committees of
both the University Medical Center Utrecht and
the Gelderse Vallei Hospital Ede, both in the
Netherlands.


All patients referred for preoperative physical
therapy by the gastroenterologist or the surgeon
went to the outpatient department of physical
therapy, as part of the multidisciplinary preopera-
tive work-up. Patient inclusion and exclusion cri-
teria were checked, and patients were informed
about the aims of the study and asked for their
informed consent. After their functional status
was evaluated (T¼ 0), participants were randomly
assigned (block randomization) using prepared
envelopes, after stratification by age (60–70 years
and age 470 years), to two treatment groups by
two people not associated with the study. The
patients allocated to the intervention group
received a short-term intensive therapeutic exercise
programme in the outpatient department and the
control group received a home-based exercise
advice. The physical therapists and patients were
not blinded to treatment assignment. Preoperative
outcome measures (T¼ 1) and the postoperative
course (T¼ 2) were assessed by an investigator
who was unaware of the treatment allocation
until after data analysis was completed.


Intervention


The subjects in the intervention group trained
twice a week in the outpatient department of phys-
ical therapy of the Gelderse Vallei Hospital while
waiting for surgery (2–4 weeks). The patients in
the intervention group were informed about the
importance of their physical condition to the post-
operative course and were encouraged to adhere to
the training programme.


Each supervised training session lasted 60 min-
utes and included the following elements:


� warm-up18;
� resistance training of the lower limb extensors


(with a maximum of one set of 8–15 rm,
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consistent with 60–80% of the one-repetition
maximum18–21);


� inspiratory muscle training: patients breathed
against a variable resistance (10–60% of the
maximal inspiratory pressure) for about 15
minutes (240 breathing cycles);


� aerobic training: the subject trained at a mod-
erate intensity of exercise (to 55–75% of maxi-
mal heart rate) or perceived exertion (between
11 and 13 on the Borg Scale18,20,22; aerobic
training lasted 20–30 minutes to obtain optimal
benefit18;


� training functional activities according to
the patients’ capabilities and interest (this is
essentially according to the regimen of de
Vreede et al.14);


� cooling down.18


When not training in the outpatient department,
subjects followed a home-based training pro-
gramme. This programme prescribed walking
(patients received a pedometer to monitor this
activity) or cycling for a minimum of 30 minutes
per day.18 The intensity was determined on the
basis of the perceived exertion (Borg Scale score
between 11 and 13). Subjects were supplied with a
device for inspiratory muscle training, a threshold
loading device. The threshold loading device was
adjusted to a resistance equal to 20% of the max-
imal inspiratory pressure, measured at baseline,
and subjects trained with the threshold loading
device for 15 minutes per day. The resistance was
increased incrementally based on the perceived
exertion: if perceived exertion was513, the resis-
tance of the inspiratory threshold trainer was
increased incrementally by 10% of the maximal
inspiratory pressure.
The control subjects received home-based exer-


cise advice. They were told of the importance of
their physical condition to the postoperative
course and were encouraged to be active for min-
imally 30 minutes a day in the period prior to
hospital admission. They received a pedometer to
monitor their activities. Once a week the ped-
ometers were read out in the outpatient depart-
ment by the therapist.
Both groups received instruction in (a) dia-


phragmatic breathing, (b) deep inspirations with
the aid of incentive spirometry and (c) coughing
and ‘forced expiration techniques’.23,24


Measurements


Demographics, preoperative risk factors and mea-
sures of functional capacity and self-reported activ-
ities were prospectively recorded. Hand grip
strength, a reliable measurement25 and known to
be an indicator of skeletal muscle mass and a pre-
dictor of the risk of postoperative complications,26,27


was measured with a DigiMax hand force device
(Mechatronic GmbH, Darmstadt, Germany).


Feasibility was determined on the basis of
(a) adherence to treatment/advice, (b) patient
appreciation of the treatment/advice, recorded at
the end of the preoperative period, and (c) adverse
events.


Maximal aerobic capacity was determined with
Physical Work Capacity 170.28 Strength and power
of the lower limb muscles was estimated by the
chair rise time test.25,29,30 Maximal inspiratory
pressure reflects inspiratory muscle force and was
assessed with the MicroRPM (Micro Medical
Limited, Rochester, UK).31,32 Inspiratory muscle
endurance was measured with the MicroRMA
(MicroMedical), which calculated the total energy
expended against a load. Functional mobility was
measured with the Timed-Up-and-Go test, a reli-
able and valid test of functional mobility.33


Self-reported activities were measured with the
LASA Physical Activity Questionnaire, in which
patients report their activities of the past 14 days.34


Walking time was measured with a pedometer with a
seven-day memory NL1000 (New Life Styles Inc.,
Lee’s Summit, Missouri).35 Quality of life was
assessed with the EORTC Quality of Life
Questionnaire (EORTC QLQ-C30 version 3)
designed for patients with cancer.36 Fatigue was mea-
sured with the Abbreviated Fatigue Questionnaire.37


Postoperative complications were registered
according to the hospital registration system.
Data about oxygen suppletion, saturation, fever,
pain medication, sputum retention, coughing and
patient mobilization were collected on a postoper-
ative registration form. Postoperative pulmonary
complications were classified as hypoxia (defined
as need for additional oxygen), atelectasis (diag-
nosed by a radiologist), pneumonia (defined
according to classification of Arozullah et al.3)
and respiratory failure (defined as need for artifi-
cial respiration).
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Data analysis


Data were analysed with SPSS version 15.1 statis-
tical software (SPSS Inc., Chicago, IL, USA). All
collected data were checked for completeness and
normality of distribution by means of the
Kolmogorov–Smirnov test. Summary descriptive
statistics were computed for the preoperative vari-
ables including frequencies, means, standard devi-
ations and percentages. Intention-to-treat analyses
were used to compare outcomes between the two
groups. Adherence to treatment in the intervention
group was calculated as the percentage of sched-
uled visits to the outpatient department. A preop-
erative effect of the intervention on capacity and
performance measures within and between the two
groups was estimated with the paired and indepen-
dent sample t-test for normal distributed data and
the Wilcoxon test and Mann–Whitney U-test
for non-normally distributed data, respectively.


The effect of the intervention on the length of stay
was estimated with an independent sample t-test
for normal distributed data and Mann–Whitney
U-test for non normally distributed data.
Postoperative complications of the two groups
were compared by means of chi-square test. The
significance level for all tests was set at 0.05.


Results


The baseline characteristics of the 42 patients are
listed in Table 1. No significant differences were
found between the groups, except that more
patients in the intervention group had diabetes
than in the control group (57% versus 5%;
P¼ 0.01). One patient of the intervention group
decided not to have the operation, two weeks
after inclusion.


The flowchart in Figure 1 shows the progress of
the study population. Three patients in the


Table 1 Baseline characteristics of the patients


Control
N¼ 20


Intervention
N¼ 22


P-value*


Age in years 68.8 (6.4) 71.1 (6.3) 0.23
Gender (m/w) 16/4 15/7 0.38
Smokers (y/n) 6/14 3/19 0.20
COPD (y/n) 3/17 3/21 0.90
Coughing (y/n) 2/18 2/20 0.92
Diabetes (y/n) 1/19 8/14 0.01
Hb women (mmol/mL) 8.6 (0.7) 6.4 (2.0) 0.04
Hb men (mmol/mL) 8.5 (0.8) 8.0 (1.6) 0.34
BMI (kg/m2) 25.7 (3.1) 26.6 (3.6) 0.40
TUG (s) 6.4 (1.3) 8.0 (3.6) 0.07
CRT (s) 21.6 (4.7) 26.3 (6.7) 0.12
MIP (cmH2O) 93.0 (25.4) 78.2 (32.6) 0.11
RMA energy (J) 350 (299) 259 (273) 0.31
HGS (N) 430 (108) 375 (125) 0.14
LAPAQ energy (kcal/day) 1006 (715) 782 (707) 0.31
LAPAQ activities (min/day) 212 (110) 197 (152) 0.73
PWC (O2 mL/kg/min) 31.6 (6.5) 30.3 (9.6) 0.62
AFQ 9.5 (6.2) 13.2 (7.3) 0.08
EORTC QLQ-C30/GH 71 (20) 70 (23) 0.97
EORTC QLQ-C30/FS 427 (52) 408 (67) 0.31
EORTC QLQ-C30/SC 130 (89) 154 (122) 0.47
Surgery duration (min) 119 (57) 104 (47) 0.38


BMI, body mass index; TUG, Timed-Up-and-Go; CRT, chair rise time; MIP, maximal inspira-
tory pressure; RMA, respiratory muscle analyser; HGS, hand grip strength; LAPAQ, LASA
Physical Activity Questionnaire; PWC, physical work capacity; AFQ, Abbreviated Fatigue
Questionnaire; EORTC QLQ-C30/GH/FS/SC, Quality of Life Questionnaires Global Health
status/Functional Scale/Symptom Scale.
*Mann–Whitney U-test (continuous variables) or chi square test (dichotomous variables).
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intervention group dropped out in the preopera-
tive period (two patients due to the death of their
spouse and one patient was unable to combine the
training with daily work). One patient in the con-
trol group did not come for the second preopera-
tive measurement for personal reasons.


The mean number of training sessions in the
inpatient department was 5.1� 1.9. The atten-
dance at training sessions was 97% in the inter-
vention group. The mean number of steps/day
recorded by the pedometer was 4980 and 5003
for the intervention group and control group,
respectively. No adverse events were reported
during outpatient or home training. In total, 37
patients completed the evaluation form (Table 2).
Both the intervention and the control groups
appreciated the assigned ‘treatment’, without
there being a significant difference between the
two groups (P¼ 0.08). The perceived exertion
was low for the home-based training programme
and moderate for the intensive outpatient training
programme (Table 2).


The intensive outpatient training programme
led to a significantly greater improvement in


Table 2 Patient appreciation of treatment


Disagree Agree P-value


1 2 3 4 5


The aim of the preoperative
treatment was clear to me


I II I IIIIIIIIIIIIIII 0.54


C IIIII IIIIIIIIIIIII
During the fitness test, the perceived


exertion was high
I III IIIIIIIII IIIIII 0.54


C IIIIIII II III IIIII II
In my opinion, the fitness test was useful I I I II IIIIIIIIIIIIII 0.36


C II I IIII IIIIIIIIIIII
During the home-based exercises,


the perceived exertion was high
I IIIIIIII I IIII III I 0.91


C IIIIIIIII II III III
In my opinion, the home-based


exercise programme was useful
I I IIII II IIIIIIIIII 0.48


C I IIIII IIIIIIIIIIII
During the training in the outpatient department,


the perceived exertion was high
I III II III IIIIIII I


C Not applicable
In my opinion, the training in the


outpatient department was useful
I I I II IIIIIIIIIIIII


C Not applicable
I think the treatment prepared


me well for the operation
I I III IIIIIIIIIIIIII 0.08


C I III IIIIII IIIIIIII


I, intervention group; C, control group.


Assessed for eligibility
Signed informed consent


(n=42)


Baseline assessment
(n=42)


Allocated to intervention
(n=22)


Allocated to control
(n=20)


Assessment presurgery
(n=19)


Assessment presurgery 
(n=19)


Randomization
(n=42)


Assessment postsurgery
(n=21)


Assessment postsurgery
(n=20)


Surgery (n=41)


Figure 1 Flowchart of the study population.
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inspiratory muscle endurance than the
home-based programme at T¼ 1. There were no
differences in other outcome measures between the
two groups (Table 3).


There was no significant difference in postoper-
ative complications and length of hospital stay
between the two groups at T¼ 2 (Table 4).


Based on the similar amount of moderate activ-
ity (no difference between mean number of steps)
in the intervention and control group, a post hoc
analysis over the combined data set revealed a sig-
nificant point-biserial correlation of 0.5 (P¼ 0.02)
between the extent of activity (number of steps)
and postoperative pulmonary complications.


Table 3 Differences in capacity measures between the intervention and control groups


Baseline
(T¼ 0)


Outcome
(T¼1)


P-valuea Difference I–C P-valueb


TUG (s) I 8.0 (3.6) 7.8 (3.3) 0.29 �0.2 (0.8) 0.34
C 6.4 (1.3) 6.6 (1.2) 0.28 0.2 (0.7)


CRT (s) I 26.3 (6.7) 26.6 (6.2) 0.74 0.3 (4.1) 0.87
C 21.6 (4.7) 21.2 (6.1) 0.81 �0.3 (4.2)


MIP (cmH2O) I 78 (33) 92 (26) 50.001 14 (13) 0.09
C 93 (25) 98 (26) 0.33 5 (21)


RMA energy (J) I 259 (273) 404 (349) 50.001 146 (160) 50.01
C 350 (299) 305 (323) 0.07 �44 (279)


LAPAQ energy (kcal/day) I 782 (707) 980 (771) 0.05 198 (541) 0.15
C 1005 (714) 1657 (3400) 0.78 652 (3368)


LAPAQ activities (min/day) I 197 (152) 236 (157) 0.11 39 (130) 0.18
C 211 (110) 280 (399) 0.68 69 (399)


PWC (O2 mL/kg/min) I 29.4 (9.5) 27.6 (6.5) 0.47 �1.7 (8.4) 0.16
C 31.6 (6.5) 32.9 (6.9) 0.26 1.3 (6.4)


AFQ I 13.2 (7.5) 12.7 (6.6) 0.80 �0.5 (6.8) 0.91
C 9.5 (6.2) 8.8 (4.3) 0.59 �0.7 (3.4)


EORTC QLQ-C30/AG I 70 (23) 72 (19) 0.96 2 (19) 0.88
C 71 (20) 68 (18) 0.24 �3 (13)


EORTC QLQ-C30/FS I 408 (67) 413 (64) 0.43 5 (56) 0.72
C 427 (53) 425 (67) 0.98 �2 (39)


EORTC QLQ-C30/SC I 154 (122) 119 (98) 0.62 �35 (125) 0.20
C 130 (90) 155 (117) 0.18 25 (75)


I, intervention group; C, control group; TUG, Timed-Up-and-Go; CRT, chair rise time; MIP, maximal inspiratory
pressure; RMA, respiratory muscle analyser; LAPAQ, LASA Physical Activity Questionnaire; PWC, physical work
capacity; AFQ, Abbreviated Fatigue Questionnaire; EORTC QLQ-C30/GH/FS/SC, Quality of Life Questionnaires
Global Health status/Functional Scale/Symptom Scale.
aWilcoxon test.
bMann–Whitney U-test.


Table 4 Postoperative course


P-value


Postoperative complications I 9 (45%) 0.65
C 8 (38%)


Postoperative pulmonary complication:
atelectasis, hypoxia or pneumonia


I 5 (24%) 0.93


C 5 (25%)
Pneumonia I 1 (5%) 0.27


C 3 (15%)
Length of stay I 16.2 (11.5) 0.31


C 21.6 (23.7)


I, intervention group; C, control group.
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A receiver operating characteristic curve (area
under the curve¼ 0.79) revealed 4000 steps per
day to be a clinically pragmatic and relevant
cut-off point for adequate physical activity. The
choice of this cut-off point was confirmed by the
difference in the count of the postoperative pulmo-
nary complications in patients with a physical
activity of more than 4000 steps and those with
less than 4000 steps per day (chi-square test
P50.01; Table 5).


Discussion


The intensive therapeutic exercise programme was
feasible and improved the respiratory function,
but did not significantly change preoperative aer-
obic capacity and functional capacity of patients
due to undergo elective abdominal surgery com-
pared with a home-based exercise advice. Also the
postoperative course of both groups did not differ
significantly.
We investigated the feasibility and effectiveness


of a preoperative intensive therapeutic exercise pro-
gramme for elderly patients, as an aspect of preop-
erative care, as proposed by Craig et al.38 The
patients adhered to the intensive training pro-
gramme and did not report discomfort or adverse
effects. The patients in both groups appreciated
their ‘treatment’ (training programme or advice)
and felt that it prepared them well for surgery.
While there was a significant improvement in
inspiratory muscles function in the intensive outpa-
tient training group, the incidence of postoperative
pulmonary complications did not significantly


differ from that of the control group. This is in
contrast with the positive results of inspiratory
muscle training achieved in patients scheduled for
elective coronary artery bypass graft or aneurysma
aorta abdominalis surgery.16,17 An explanation for
this difference could be that the study was under-
powered and that colon surgery has a more subtle
effect on diaphragm function than coronary artery
bypass graft and aneurysma aorta abdominalis sur-
gery, both procedures which are performed closer
to the diaphragm.39 Also the difference in mechan-
ical ventilation time, which is of substantial influ-
ence on diaphragm function,40 may explain the
discrepancy. A post hoc subanalysis of the data of
the patients with low respiratory function
(MicroRMA energy 5150 J) indicated that these
patients may benefit the most from the interven-
tion, so that the intervention should be offered to
patients with a higher risk profile.


The intervention may be more effective if it lasts
longer, is of higher frequency (more training ses-
sions per week under supervision), or is more
intensive (high intensity). While the intervention
improved inspiratory muscle function in the pre-
operative period, it did not have a significant effect
on the aerobic capacity or on functional measures.
The intensity of exercise was in accordance with
general recommendations for elderly patients18


but was probably insufficient to achieve a rapid
improvement, as is required in a preoperative
period of 3–4 weeks on average. Recently, a
high-intensity interval training regimen led to met-
abolic adaptation in two weeks41 and proved to be
safe in elderly patients (aged 75� 11 years).42


A weakness of the study could be that we did
not investigate the effect of an intensive therapeu-
tic exercise programme but instead compared it
with a low-cost home-based exercise advice.
There is a rationale for keeping patients active
during the preoperative period. The diagnosis
‘cancer’ has a tremendous impact on a person’s
existence and behaviour.12 One item in the
LASA Physical Activity Questionnaire (activities
in the two weeks preceding admission) revealed
that 60% of the patients were less active than
normal. It is possible that the home-based exercise
advice meets the requirement to preserve or opti-
mize patients’ physical condition during the pre-
operative period. The preoperative LASA Physical
Activity Questionnaire scores and the daily


Table 5 Postoperative complication related to physical
activity (measured by pedometer) in both the intervention
and control group


Postoperative
pulmonary complications
(atelectasis, hypoxia
or pneumonia)


No Yes


Activity 54000 steps per day 8 9
44000 steps per day 23 1


P50.001.
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number of steps recorded revealed that patients in
both the intervention and control groups showed a
higher activity level than at baseline, at study
inclusion. A post hoc analysis revealed an associ-
ation between the moderate activity of both
groups and the incidence of postoperative
complications.


Another limitation of this study is the number
of patients which is not powered to detect signifi-
cant effects on all outcome measures.


In conclusion, we recommend that high-risk
patients be included in future studies and that
the exercise protocol be made more intensive.


Clinical messages


� Elderly patients appreciate and can safely
participate in a preoperative intensive thera-
peutic exercise programme.


� General aerobic training parameters for
elderly indivduals recommended in the liter-
ature appear to be inadequate to obtain a
short-term increase in physical capacity.


� A low-cost home-based exercise advice
seems to have a positive effect on physical
activity sufficient to preserve or optimize the
physical condition of non-frail elderly indi-
viduals during the preoperative period
before abdominal surgery.
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Randomized clinical trial


Randomized clinical trial of prehabilitation before planned liver
resection
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Background: Patients with low fitness as assessed by cardiopulmonary exercise testing (CPET) have
higher mortality and morbidity after surgery. Preoperative exercise intervention, or prehabilitation, has
been suggested as a method to improve CPET values and outcomes. This trial sought to assess the
capacity of a 4-week supervised exercise programme to improve fitness before liver resection for colorectal
liver metastasis.
Methods: This was a randomized clinical trial assessing the effect of a 4-week (12 sessions) high-intensity
cycle, interval training programme in patients undergoing elective liver resection for colorectal liver
metastases. The primary endpoint was oxygen uptake at the anaerobic threshold. Secondary endpoints
included other CPET values and preoperative quality of life (QoL) assessed using the SF-36®.
Results: Thirty-eight patients were randomized (20 to prehabilitation, 18 to standard care), and 35 (25
men and 10 women) completed both preoperative assessments and were analysed. The median age was
62 (i.q.r. 54–69) years, and there were no differences in baseline characteristics between the two groups.
Prehabilitation led to improvements in preoperative oxygen uptake at anaerobic threshold (+1⋅5 (95 per
cent c.i. 0⋅2 to 2⋅9) ml per kg per min) and peak exercise (+2⋅0 (0⋅0 to 4⋅0) ml per kg per min). The oxygen
pulse (oxygen uptake per heart beat) at the anaerobic threshold improved (+0⋅9 (0⋅0 to 1⋅8) ml/beat), and
a higher peak work rate (+13 (4 to 22) W) was achieved. This was associated with improved preoperative
QoL, with the overall SF-36® score increasing by 11 (95 per cent c.i. 1 to 21) (P = 0⋅028) and the overall
SF-36® mental health score by 11 (1 to 22) (P = 0⋅037).
Conclusion: A 4-week prehabilitation programme can deliver improvements in CPET scores and QoL
before liver resection. This may impact on perioperative outcome. Registration number: NCT01523353
(https://clinicaltrials.gov).
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Introduction


Patients with lower oxygen uptake (V O2) at the anaer-
obic threshold (AT), as assessed by cardiopulmonary
exercise testing (CPET), have higher mortality, higher
morbidity and longer hospital stay when undergoing
major surgery1,2. In patients with cancer, postoperative
rehabilitative exercise therapy improves physical func-
tion, peak oxygen consumption and quality of life (QoL).
There are, however, limitations. Following surgery, indi-
viduals may be fatigued, worried about the effects of
exercise on the healing process, or anxious while awaiting


adjuvant treatments3. Postoperative rehabilitation also
fails to add any of the benefits of exercise therapy to the
immediate perioperative period4. Preoperative exercise
intervention, or prehabilitation, has been proposed as
a more timely intervention in a patient’s management
pathway, as it may bring the benefits of exercise therapy
to bear on the intended operative intervention4,5. The use
of prehabilitation in addition to rehabilitation has been
shown to increase preoperative walking capacity and to aid
functional recovery following colorectal resection6.


Currently no randomized study of prehabilitation has
delivered improved fitness, as measured objectively with
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CPET, in a cancer population. The largest randomized
trial of prehabilitation to date failed to demonstrate an
advantage of a home-based exercise programme over a con-
trol arm of walking and breathing exercises5. A number of
non-randomized studies7–9 have demonstrated that super-
vised exercise programmes, typically of 6 weeks or more,
could deliver clinically relevant improvements in fitness.
However, this delay is not always feasible when treating
malignant disease. This randomized clinical trial sought
to assess the feasibility of a 4-week supervised preopera-
tive exercise programme in patients awaiting surgery for
colorectal liver metastasis (CRLM), assessing the impact
on preoperative fitness, QoL, perioperative outcomes and
subsequent postoperative course.


Methods


This was a randomized clinical trial conducted with ethical
approval from the UK Research Ethics Service (Integrated
Research Application System ID: 65982), and registered on
Clinicaltrials.gov (NCT01523353).


Participants


All patients with CRLM referred to the tertiary hepato-
biliary service at Aintree University Hospital, Liverpool,
UK, were screened for potential eligibility. Patients with
resectable CRLM were eligible for recruitment if aged
over 18 years, able to give informed consent, partake
in cycle-based exercise, and complete the exercise pro-
gramme before the proposed surgery date. Resectability
was defined in the multidisciplinary meeting at the tertiary
hepatobiliary centre as: metastases deemed surgically treat-
able with curative intent (either 1- or 2-stage resection).
Patients were ineligible for recruitment if they had known
pre-existing chronic liver disease.


Potentially eligible candidates were given details of the
study at the first clinic attendance, but were invited to
participate only once a decision to proceed to surgery had
been made, and full informed consent obtained. Ethical
approval stipulated that recruitment to the study must not
result in delayed surgical care. Consequently patients were
potentially eligible only when the provisional operative
date allowed at least 4 weeks for prehabilitation.


Randomization


Candidates were randomized to either a prehabilitation
exercise programme or standard care by means of a random
number block randomization list created at the trial outset.
An individual, independent of the study group, held this
list and provided e-mail results of randomization following
recruitment.


Interventions


Prehabilitation consisted of 12 interval exercise sessions
over a 4-week period. The programme was developed
within an exercise laboratory, and validated in a healthy
population10. Two recovery exercise sessions were included
at the end of the first and fourth weeks (sessions 3
and 12). The interval sessions included a warm-up and
warm-down, and 30 min of interval training alternating
between exercise of moderate (less than 60 per cent V O2
at peak exercise) and vigorous (more than 90 per cent V O2
at peak) intensity11. The sessions were delivered using
a cycle ergometer (Optibike; Ergoline, Bitz, Germany).
The exercise programme was personalized to candidates
following a standardized equation based on the work
rate at their anaerobic threshold on baseline CPET. No
restrictions were placed on candidates in either arm of the
study, and they were encouraged to follow clinical advice
on exercise before surgery.


Cardiopulmonary exercise testing


The methodology for performing CPET has been
described previously12. Clinical physiologists performed
the tests. Patients were asked to continue their normal
medication before the test. CPET was performed on an
electromagnetically braked cycle ergometer (Ergoselect
200; Ergoline). The protocol consisted of 3 min of rest,
followed by 3 min of freewheel pedalling, then a ramped,
incremental protocol until volitional termination. This
was followed by 5 min of recovery. Ventilation and gas
exchange variables were measured using a metabolic cart
(Geratherm Respiratory; Love Medical, Manchester, UK).
Pulse rate, 12-lead ECG, non-invasive BP and pulse
oximetry were monitored throughout. The exercise ramp
gradient was set to 10–25 W per min, based on a calcula-
tion described by Wasserman et al.13 using predicted V O2
at unloaded pedalling, predicted V O2 at peak exercise,
height and patient age.


CPET-derived variables included V O2 at AT (ml per kg
per min), V O2 at peak (ml per kg per min), V E/V CO2 (pul-
monary ventilation during exercise/carbon dioxide out-
put) at AT, absolute oxygen uptake at AT (V O2 at AT
(l/min)), absolute oxygen uptake at peak exercise (V O2 at
peak (l/min)), heart rate at AT (beats/min) and heart rate at
peak (beats/min). These variables were defined as described
by Wasserman and colleagues13.


The AT was estimated using a conventional cluster of
variables (breakpoint in the V CO2 –V O2 relationship) with
increases in the ventilatory equivalent of oxygen (V E/V O2)
and end-tidal oxygen tension, but no increase in V E/V CO2
or fall in end-tidal carbon dioxide tension. V O2 at peak
was taken as the highest V O2 attained over a 30-s average.
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Excluded n = 77
 Clinician did not approach n = 11


 Too far from centre n = 44


 Patient declined n = 5
 Not enough time n = 7
 Not interested n = 2


 Dislikes CPET n = 1
 No response n = 7


Excluded n = 78


 Hepatectomy not indicated n = 32
 Unfit for surgery n = 2


 Unable to complete CPET n = 6


 Insufficient time n = 38


Randomized n = 38


Preoperative exercise n = 20


 Completed exercise programme n = 19
 Did not complete exercise programme n = 1
 Concurrent oral cancer n = 1


Standard care n = 18


 Completed standard care n = 16
 Study withdrawal n = 2
 Withdrew as not exercising n = 1


 Arthritis, declined CPET n = 1


Underwent hepatectomy n = 16


No hepatectomy n = 3
 Peritoneal disease n = 2
 Chemotherapy-induced liver injury n = 1


Underwent hepatectomy n = 13


No hepatectomy n = 3
 Peritoneal disease n = 1
 Hepatic progression n = 2


Analysed n = 19


Excluded from analysis n = 1


 Did not complete two CPETs n = 1


Analysed n = 16


Excluded from analysis n = 2


 Did not complete two CPETs n = 2


Assessed for eligibility n = 193


Eligible to participate n = 115


Fig. 1 CONSORT diagram for the study. CPET, cardiopulmonary exercise testing


Evaluation of AT was undertaken independently by two
experienced assessors, blinded to each other’s assessments,
with disagreement resolved by a third assessor.


Patients were considered high-risk if their baseline V O2
at AT was less than 11 ml per kg per min. High-risk patients
were admitted routinely to critical care after surgery, and
had increased intraoperative monitoring and support14 .


Primary outcome measure


The primary aim of the study was to improve preoperative
V O2 at the AT by 1⋅5 ml per kg per min. This was consid-
ered achievable and clinically relevant. If delivered across
a patient population14, it could reduce the proportion of
patients considered high-risk (V O2 at AT of less than 11 ml
per kg per min) by 30 per cent.


Secondary outcome measures


Secondary outcome measures included changes in the
other preoperative CPET measures, and changes in the


preoperative QoL score, assessed using the Short Form
36 (SF-36®; QualityMetric, Lincoln, Rhode Island, USA)
questionnaire15. Data were also collected on operative
intervention, perioperative outcomes and subsequent post-
operative progress. The study was not statistically powered
for formal assessment of differences in perioperative or
long-term outcome, and these data are descriptive.


Blinding


Clinicians providing care were blinded to the intervention
received by patients, and to the results of all but the baseline
CPET values. This blinding included anaesthetists, sur-
geons, ward staff and staff reporting the CPET results.


Sample size


Preliminary data suggested that the target population had
a mean(s.d.) V O2 of 12⋅0(2⋅0) ml per kg per min. To
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Table 1 Characteristics of patients in the study cohort


Study cohort (n=37) Prehabilitation (n=20) Standard care (n= 17)


Age (years)* 62 (54–69) 61 (56–66) 62 (53–72)
Sex ratio (M : F) 26 : 11 13 : 7 13 : 4
Body mass index (kg/m2)† 29⋅5(4⋅1) 29⋅7(4⋅2) 29⋅3(4⋅2)
Smoking status


Smoker 5 2 3
Ex-smoker 6 3 3
Non-smoker 26 15 11


Co-morbidity
Cardiovascular 18 10 8
Respiratory 7 3 4
Diabetes 4 2 2
Renal disease 1 1 0
None 4 1 3


Primary tumour
Node-positive 22 12 10
Adjuvant or neoadjuvant treatment 18 11 7


Metastatic presentation
Synchronous presentation 18 8 10
Extrahepatic metastatic disease 7 3 4
>3 hepatic metastases 12 5 7
Metastasis>5 cm in diameter 13 7 6
Neoadjuvant chemotherapy 22 12 10


Values are *median (i.q.r.) and †mean(s.d.).


Table 2 Changes in cardiopulmonary exercise testing values and quality-of-life indices following prehabilitation or standard care


Prehabilitation Standard care Study arm comparison


Baseline* Post* Change† P‡ Baseline* Post* Change† P‡


Exercise
versus


standard† P§


VO2 at AT (ml per kg per min) 11⋅2(1⋅5) 12⋅2(2⋅4) 1⋅0 (−0⋅2, 2⋅1) 0⋅093 11⋅4(1⋅8) 11⋅0(2⋅1) −0⋅5 (−1⋅2, 0⋅1) 0⋅088 1⋅5 (0⋅2, 2⋅9) 0⋅023
VO2 at peak (ml per kg per min) 17⋅6(2⋅3) 19⋅6(3⋅8) 2⋅0 (0⋅4, 3⋅6) 0⋅019 18⋅6(3⋅9) 18⋅7(4⋅1) 0⋅0 (−1⋅3, 1⋅2) 0⋅958 2⋅0 (0⋅0, 4⋅0) 0⋅047
Oxygen pulse at AT (ml/beat) 8⋅8(2⋅5) 9⋅6(2⋅9) 0⋅8 (0⋅1, 0⋅5) 0⋅025 9⋅6(3⋅1) 9⋅6(3⋅3) −0⋅1 (−0⋅7, 0⋅5) 0⋅766 0⋅9 (0⋅0, 1⋅8) 0⋅050
Oxygen pulse at peak (ml/beat) 10⋅7(3⋅0) 11⋅6(3⋅0) 0⋅8 (−0⋅1, 1⋅7) 0⋅078 11⋅8(3⋅8) 12⋅1(3⋅8) 0⋅2 (−0⋅6, 0⋅9) 0⋅643 0⋅7 (−0⋅5, 1⋅9) 0⋅263
Peak work rate (W) 125(26) 138(35) 13 (7, 19) 0⋅001 138(39) 140(39) 0 (−5, 6) 0⋅927 13 (4, 22) 0⋅005
Heart rate reserve (beats/min) 56(18) 62(20) 6 (1, 10) 0⋅031 57(18) 57(17) 0 (−4, 4) 0⋅869 1 (0, 12) 0⋅065
SF-36® scores


Overall physical health 61(26) 72(20) 11 (4, 17) 0⋅003 65(21) 68(21) 3 (−4, 10) 0⋅360 8 (−1, 16) 0⋅102
Overall mental health 66(22) 77(19) 11 (5, 18) 0⋅003 72(19) 72(23) 0 (−9, 9) 0⋅989 11 (1, 22) 0⋅037
Overall QoL 65(23) 77(18) 12 (5, 19) 0⋅002 71(20) 71(22) 1 (−7, 9) 0⋅828 11 (1, 21) 0⋅028


Values are *mean(s.d.) and †mean (95 per cent c.i.). V O2, oxygen uptake; AT, anaerobic threshold; QoL, quality of life. ‡Paired t test; §independent t test.


demonstrate an increase of 1⋅5 ml per kg per min, with
a power of 0⋅8 and a type I error probability of 0⋅05,
15 pairs of subjects were required. Assuming an attrition
rate of 25 per cent9, a total recruitment of 38 patients
was required.


Statistical analysis


Continuous normally distributed data were analysed using
a t test, and the Mann–Whitney U test was used for con-
tinuous data with a non-normal distribution. Categorical
data were analysed with the χ2 test or Fisher’s exact test,


as appropriate. All statistical tests were conducted using
SPSS® version 20.0 (IBM, Armonk, New York, USA).


Results


The first candidate was recruited in August 2011, and the
trial closed in February 2013, when planned recruitment
was achieved. Of 193 consecutive patients assessed for
eligibility, 115 were deemed potentially eligible. Some 104
patients were approached, of whom 38 agreed to partici-
pate and were randomized. One of the commonest reasons
for ineligibility (38 patients) or failure to recruit (7)
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Fig. 2 Radar graphs demonstrating changes in quality-of-life scores for patients undergoing a the prehabilitation exercise programme
and b standard care


was insufficient time to complete the prehabilitation
programme before the surgery date. Forty-four patients
declined to participate owing to the distance from the ter-
tiary centre. One patient withdrew before completing the
baseline assessment, before being informed of the results of
randomization, and was excluded from the analysis (Fig. 1).


Study cohort demographics


There were no significant differences in baseline demo-
graphic characteristics (Table 1), cardiopulmonary exercise


test variables or QoL scores between the prehabilitation
and standard care arms. Based on the V O2 at AT, nine
patients were defined as high-risk in the prehabilitation
arm, and eight in the standard care arm. One of the
high-risk patients on standard care discontinued the study
following baseline assessment, leaving seven in that arm for
subgroup analysis.


Study progress


Of the 37 patients who completed the baseline assess-
ment and were randomized, there were two withdrawals
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Table 3 Changes in cardiopulmonary exercise testing values and quality-of-life indices following prehabilitation or standard care for
patients considered high-risk at baseline testing (oxygen uptake at anaerobic threshold less than 11 ml per kg per min)


Prehabilitation Standard care Study arm comparison


Baseline* Post* Change† P‡ Baseline* Post* Change† P‡


Exercise
versus


standard† P§


VO2 at AT (ml per kg per min) 10⋅0(0⋅9) 11⋅9(2⋅2) 1⋅9 (0⋅1, 3⋅6) 0⋅037 9⋅8(1⋅1) 9⋅4(1⋅1) −0⋅4 (−1⋅4, 0⋅6) 0⋅379 2⋅3 (0⋅3, 4⋅2) 0⋅029
VO2 at peak (ml per kg per min) 16⋅1(2⋅2) 18⋅9(4⋅7) 2⋅8 (−0⋅4, 5⋅9) 0⋅075 15⋅7(2⋅2) 16⋅0(3⋅5) 0⋅3 (−2⋅0, 2⋅6) 0⋅760 2⋅5 (−1⋅3, 6⋅2) 0⋅157
Oxygen pulse at AT (ml/beat) 8⋅1(1⋅9) 9⋅3(2⋅2) 1⋅2 (0⋅1, 2⋅3) 0⋅035 7⋅3(1⋅7) 7⋅3(1⋅7) 0⋅0 (−0⋅5, 0⋅6) 0⋅907 1⋅2 (−0⋅1, 2⋅4) 0⋅062
Oxygen pulse at peak (ml/beat) 9⋅9(1⋅9) 11⋅3(2⋅2) 1⋅3 (−0⋅1, 2⋅9) 0⋅068 8⋅9(2⋅1) 9⋅5(2⋅0) 0⋅5 (−0⋅2, 1⋅3) 0⋅132 0⋅8 (−0⋅9, 2⋅6) 0⋅308
Peak work rate (W) 117(20) 130(34) 13 (0, 27) 0⋅052 118(27) 117(28) −1 (−9, 7) 0⋅738 14 (−1, 30) 0⋅066
Heart rate reserve (beats/min) 54(18) 58(23) 4 (−4, 13) 0⋅278 59(21) 55(22) −3 (−7, 1) 0⋅113 7 (−2, 17) 0⋅074
SF-36® scores


Overall physical health 53(27) 66(27) 13 (2, 24) 0⋅027 53(21) 56(15) 1 (−8, 14) 0⋅536 10 (−5, 24) 0⋅151
Overall mental health 63(25) 75(24) 12 (1, 23) 0⋅038 61(20) 61(25) 0 (−21, 22) 0⋅963 11 (−9, 31) 0⋅247
Overall QoL 59(25) 73(23) 14 (1, 27) 0⋅039 59(21) 59(21) 0 (−14, 15) 0⋅945 13 (−5, 30) 0⋅140


Values are *mean(s.d.) and †mean (95 per cent c.i.). V O2, oxygen uptake; AT, anaerobic threshold; QoL, quality of life. ‡Paired t test; §independent t test.


before the second assessment. One patient in the pre-
habilitation arm developed an unrelated malignancy and
underwent emergency surgery. One patient withdrew
from the standard care arm upon hearing the results of
randomization, as this patient wished to participate only
if randomized to the exercise programme. Of patients
within the exercise arm, 18 of 19 completed 100 per
cent of the exercise sessions, with one patient missing
two sessions whilst having emergency colonic stenting
for an obstructing primary tumour. Of the 35 patients
(25 men and 10 women) who completed both CPET
assessments, 34 underwent surgical intervention. One
patient was found to have advanced extrahepatic dis-
ease during investigation for abdominal pain, and did
not proceed to surgery. This patient was included in
analysis of the prehabilitation effect but excluded from
the operative intervention analysis. Of 34 patients who
had surgery, five underwent laparotomy without liver
resection because of the intraoperative identification of
unresectable disease. This comprised three patients with
peritoneal metastases, one patient with multiple additional
hepatic metastases, and one with chemotherapy-induced
liver injury that precluded extended resection. There
were no reported adverse outcomes of the exercise
intervention.


Cardiopulmonary exercise test variables


Prehabilitation led to an improvement in V O2 at AT of
1⋅5 ml per kg per min (P = 0⋅023), as well as an improve-
ment in V O2 at peak (2⋅0 ml per kg per min) (P = 0⋅047),
oxygen pulse at AT (0⋅9 ml/beat) (P = 0⋅050) and a higher
peak work rate (13 W) (P= 0⋅005) compared with values in
the standard care arm (Table 2).


Within the prehabilitation arm there were significant
improvements in a number of CPET variables, includ-
ing V O2 at peak, heart rate reserve and oxygen pulse at
AT (Table 2). By comparison, there were no significant
improvements within the standard care arm. No patient
in the standard care arm had a significant improvement in
V O2 at AT, and four had a deterioration in excess of 1⋅5 ml
per kg per min. Overall, there was a non-significant trend
towards worse V O2 at AT (P = 0⋅088).


Quality-of-life changes


Changes in the preoperative QoL measures are summa-
rized in Table 2 and Fig. 2. Within the prehabilitation arm
there were significant improvements in the SF-36® scores,
but not in the standard care arm.


When the study arms were compared, prehabilitation
was associated with improvements in overall SF-36® QoL
(+11, 95 per cent c.i. 1 to 21; P = 0⋅028) and SF-36® mental
health (+11, 1 to 22; P = 0⋅037) scores. There was also a
trend toward greater SF-36® physical health (+8, −1 to
16; P = 0⋅102).


Subgroup analysis of high-risk patients


A subgroup analysis of patients deemed high-risk on base-
line CPET demonstrated similar results to those for the
overall cohort (Table 3). Mean V O2 at AT in the prehabili-
tation arm improved by 2⋅3 (95 per cent c.i. 0⋅3 to 4⋅2) ml
per kg per min (P = 0⋅029), so that the mean V O2 at AT was
above the 11⋅0 ml per kg per min threshold considered to
indicate high risk. Of the nine patients defined as high-risk
at baseline, five were no longer considered to be so.


Trends towards improvement that approached statistical
significance were seen for several other measures following
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Table 4 Summary of operative intervention and perioperative outcome


Overall (n=34) Prehabilitation (n=19) Standard care (n= 15)


Extent of liver resection
Major 10 6 4
Minor 19 10 9
None 5 3 2


Additional procedure
Yes 5 3 2
No 29 16 13


Additional procedures
Bile duct reconstruction 1 1 0
Right hemicolectomy 1 1 0
Incisional hernia repair 1 0 1
Excision of wound metastasis 2 1 1
Portal vein ligation 1 0 1


Hepatic segments treated* 3 (1–4⋅3) 3 (1–4⋅5) 3 (1–4)
Hepatic metastases treated* 2 (2–4) 2 (1–4) 2 (1–4⋅3)
Elective critical care admission* 12 8 4
Duration of stay in critical care (days)* 1 (1–2) 1 (1–2) 1⋅5 (1–2)
No. with complications


All grades 15 8 7
Grades III and IV 4 3 1


Duration of hospital stay (days)* 5 (4–6⋅5) 5 (4–6) 5 (4⋅5–7)
Readmission 4 4 0


*Values are median (i.q.r.).


prehabilitation (Table 3). Little change, or even deteriora-
tion, was seen in patients managed on standard care.


Perioperative intervention and outcomes


Surgical interventions and perioperative outcomes are
summarized in Table 4; there was no statistically significant
difference in any postoperative outcomes between the
two arms. Complications are summarized in Table S1
(supporting information). Again, there were no significant
differences in complication types between study arms.


Discussion


This randomized study demonstrates that a short preop-
erative prehabilitation programme can deliver consider-
able improvements in preoperative CPET scores. Better
CPET-derived variables are associated with lower mor-
bidity, mortality and hospital stay after major abdominal
surgery2. Although the impact of improved CPET scores
on operative morbidity and mortality has yet to be demon-
strated, this study suggests that patients deemed high-risk14


for major abdominal surgery may be able to modulate their
risk by means of prehabilitation.


The prehabilitation programme achieved its primary
objective of a 1⋅5-ml per kg per min improvement in
V O2 at AT, in comparison with standard care. This is
an important achievement given the failures of previous
attempts to deliver this result within a similar time


interval5. Patients of poorer fitness, deemed high-risk on
baseline assessment, had considerable gains in V O2 at AT.
This suggests that these patients may have more to benefit
from prehabilitation, certainly if the operative risk can
be brought into line with the patients of higher baseline
V O2 at AT. Within the prehabilitation arm, a number
of measures of preoperative fitness seen as potentially
relevant to predicting outcome16 also improved.


An unexpected finding was the marked deterioration
in some patients randomized to standard care. Crucially,
this raises the question about timing of any preoperative
CPET. Many studies of CPET fail to report on the timing
of the test in relation to surgery1,2 . CPET 4 weeks before
surgery that suggests a patient is low-risk may in fact be
inaccurate by the time of operation, representing a major
confound to the literature.


The variation in response to the standard exercise pro-
gramme is interesting and in keeping with the theory of
‘responder/non-responder’ based on genetic markers17.
This variation in response to a prehabilitation programme
means that it is difficult to justify delaying surgical
intervention. Future work should focus on identifying
individuals in whom benefit is likely to be greatest, so that
more resources can be dedicated to their prehabilitation.


The greatest benefit would be expected in V O2
responders, although absence of a V O2 response may
not represent a failure of delivering benefit. In the
prehabilitation arm, nearly 40 per cent of patients


© 2016 BJS Society Ltd www.bjs.co.uk BJS 2016; 103: 504–512
Published by John Wiley & Sons Ltd







Prehabilitation before liver resection 511


responded to the exercise programme in terms of increas-
ing V O2 at AT; however, it may be that the programme
prevented the ‘non-responders’ from deteriorating as
seen in the standard care group. The prehabilitation pro-
gramme may have delivered other established exercise
benefits, including improved muscle bulk, insulin resis-
tance and preoperative psychological status, which could
all contribute to an improved outcome18–20.


Most of the improvement in QoL was the result of
improvements in mental health, particularly emotional and
social functioning, in concordance with other studies of
exercise in patients with cancer21. It is, however, interest-
ing that a 4-week programme of just 12 sessions was able
to achieve similar improvements to programmes typically
of much longer duration22. The improvements in QoL
are probably related to participation in the exercise pro-
gramme, rather than improved physical function. In the
control arm, in comparison to the deterioration in CPET
values, QoL values were largely unchanged, suggesting that
QoL was independent of physical fitness. This suggests that
improvements in physical fitness do not necessarily cor-
relate with improved QoL, although participation in the
exercise programme itself seemed to be key. This is simi-
lar to previous findings, although the mechanism for this
improvement is not clear23.


Study completion and attendance was high in comparison
to that in other studies5,9. The high adherence suggests that
the exercise intervention is acceptable, and that patients in
the study cohort were highly motivated. This is likely mul-
tifactorial, including the supervised nature of the exercise
and the interval-based nature of the training programme,
with interval training shown to be more enjoyable than
constant load programmes24.


The results of this study offer an interesting avenue for
future development, but some limitations must be consid-
ered. Importantly, although the study demonstrates that it
is possible to deliver major improvements in CPET val-
ues, and it would appear logical to assume this will deliver
the benefits associated with improved fitness1,2, confirma-
tion is required in a larger trial. A potential recruitment
bias may limit generalizability to the wider population. The
study cohort was younger than a typical patient group,
suggesting that a preoperative exercise intervention may
be more appealing to the younger patient population14.
However, younger patients often have more aggressive
disease25, which may explain the rate of failure to progress
to liver resection.


This study focused on improving the aerobic capacity
of patients. However, a number of other patient factors,
including nutritional status, conditioning and physiological
status, can also affect outcome26–28. Some studies6,29 have


examined a multimodal prehabilitation programme. Utiliz-
ing the 6-min walk test (6MWT), these have consistently
demonstrated an advantage over control arms in improving
functional capacity. More recently, a pilot study30 showed
that the addition of whey supplementation to a nutrition-
ally controlled diet can lead to improved 6MWT capacity.
The optimal components of prehabilitation and rehabilita-
tion programmes are yet to be established.


Prehabilitation offers an opportunity to improve preop-
erative education that is a key pillar of enhanced recov-
ery after surgery (ERAS)26. The additional time spent
with patients during the exercise programme provides an
opportunity for education, which can reduce preoperative
anxiety, improving postoperative gut motility and wound
healing26–28. The benefits of improved fitness, alongside
the potential benefits of increased preoperative education,
are consistent with the goals and mechanisms underpin-
ning ERAS programmes, and warrant evaluation in a larger
randomized study.
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I N Canada, 1 in 13 men and 1 in 12 women will develop 
colorectal cancer during his or her lifetime, and surgical 


resection remains the primary treatment.1 Despite advances in 
surgical technology, anesthesia and analgesia techniques, and 
improved perioperative care, complications after colorectal 
resection remain relatively high and thus represent a prior-
ity for quality improvement in general surgery.2,3 Even in the 
absence of complications, the postsurgical period is associated 
with 20 to 40% reduction in physiological and functional 
capacity that, particularly in the elderly with comorbidities, 
may not return to preoperative function for several months, if 
at all.4 Poor preoperative physical performance has been shown 
to increase the risk of mortality5 and the number of postopera-
tive complications6 and prolong functional recovery.7


Efforts to improve recovery have traditionally focused on 
the postoperative period (rehabilitation). However, this may 
not be an opportune time to commence lifestyle changes as 
cancer patients may be fatigued, concerned about disturb-
ing the healing process, or anxious as they await additional 
treatments for the underlying condition.8,9 The preoperative 


period may in fact be a more salient time to intervene, as 
patients are generally in a better physical condition com-
pared with the acute postoperative period, and may have a 
prolonged waiting period before surgery (in many health-
care systems). The process of enhancing an individual’s func-
tional capacity before scheduled surgery, aimed at improving 
the patient’s tolerance to upcoming physiologic stress, has 
been coined prehabilitation.10 An observational study sug-
gested that, compared with a historical control, a 4-week 


What We Already Know about This Topic


•	 Preoperative	 exercise,	 anxiety-reducing	 strategies,	 and	
	protein	supplementation	may	facilitate	postoperative	recovery


•	 In	a	randomized	trial,	the	investigators	thus	tested	the	hypoth-
esis	 that	 a	 month	 of	 prehabilitation	 improves	 postoperative	
exercise	capacity


What This Article Tells Us That Is New


•	 Two	months	after	surgery,	prehabilitated	patients	were	able	to	
walk	significantly	further	in	6	min


Copyright © 2014, the American Society of Anesthesiologists, Inc. Lippincott Williams & Wilkins. Anesthesiology 2014; 121:937-47


ABSTRACT


Background: The preoperative period (prehabilitation) may represent a more appropriate time than the postoperative period 
to implement an intervention. The impact of prehabilitation on recovery of functional exercise capacity was thus studied in 
patients undergoing colorectal resection for cancer.
Methods: A parallel-arm single-blind superiority randomized controlled trial was conducted. Seventy-seven patients were ran-
domized to receive either prehabilitation (n = 38) or rehabilitation (n = 39). Both groups received a home-based intervention 
of moderate aerobic and resistance exercises, nutritional counseling with protein supplementation, and relaxation exercises ini-
tiated either 4 weeks before surgery (prehabilitation) or immediately after surgery (rehabilitation), and continued for 8 weeks 
after surgery. Patients were managed with an enhanced recovery pathway. Primary outcome was functional exercise capacity 
measured using the validated 6-min walk test.
Results: Median duration of prehabilitation was 24.5 days. While awaiting surgery, functional walking capacity increased (≥20 m)  
in a higher proportion of the prehabilitation group compared with the rehabilitation group (53 vs. 15%, adjusted P = 0.006). 
Complication rates and duration of hospital stay were similar. The difference between baseline and 8-week 6-min walking test 
was significantly higher in the prehabilitation compared with the rehabilitation group (+23.7 m [SD, 54.8] vs. −21.8 m [SD, 
80.7]; mean difference 45.4 m [95% CI, 13.9 to 77.0]). A higher proportion of the prehabilitation group were also recovered to 
or above baseline exercise capacity at 8 weeks compared with the rehabilitation group (84 vs. 62%, adjusted P = 0.049).
Conclusion: Meaningful changes in postoperative functional exercise capacity can be achieved with a prehabilitation  
program. (Anesthesiology 2014; 121:937-47)


This article is featured in “This Month in Anesthesiology,” page 1A.
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Prehabilitation for Surgical Patients with Cancer


preoperative trimodal intervention comprising moderate-
intensity aerobic and resistance exercise, diet counseling 
with whey protein supplementation, and anxiety-reduction 
strategies was effective in improving preoperative functional 
walking capacity and accelerating postoperative recovery.11 
This study was, however, limited by lack of randomization, 
the use of a historical control, and absence of baseline mea-
sures for functional walking capacity.


To quantify the effect of prehabilitation on pre- and post-
operative functional walking capacity, a parallel-arm single-
blind superiority randomized controlled trial (RCT) was 
conducted to compare the impact of a trimodal program ini-
tiated 4 weeks before surgery (prehabilitation) to an identi-
cal program (rehabilitation) initiated after surgery and to be 
maintained, in both groups, for 8 weeks postoperatively. It 
was hypothesized that patients participating in the trimodal 
prehabilitation group would exhibit a clinically meaningful 
increase in functional walking capacity before surgery to a 
significantly greater extent than the rehabilitation group, 
and this preoperative improvement would translate into ear-
lier recovery of functional exercise capacity after surgery.


Materials and Methods


Subjects
The study was approved by the Research Ethics Board of 
the McGill University Health Centre, Montreal, Quebec, 
Canada, and study procedures were carried out in accor-
dance with ethical standards (ClinicalTrials.gov registra-
tion: NCT01356264). Patient enrollment was initiated in 
November 2011 and completed in March 2013 at a single 
university-affiliated tertiary center located in Montreal, Can-
ada. Consecutive adult patients scheduled for curative resec-
tion of nonmetastatic colorectal cancer were approached at 
their initial office visit with their surgeon, and consent was 
obtained in eligible patients. Subjects were not eligible if 
they did not speak English or French or if they had premor-
bid conditions that contraindicated exercise.


Perioperative Care
Perioperative care was guided by a standardized multiele-
ment evidence-based comprehensive enhanced recovery after 
surgery pathway following the consensus review on best care 
for patients undergoing colorectal surgery.12 A pilot study 
was conducted in 2008 by our multidisciplinary team on the 
feasibility of implementing the enhanced recovery after sur-
gery pathway at our institution.13 Thereafter, the enhanced 
recovery after surgery pathway was applied to all patients 
scheduled for elective colorectal resection.


Study Design
The study was designed as a single-blind parallel-arm superi-
ority RCT. At the time of consent, subjects were instructed 
to complete a 3-day estimated food record of 2 week days 
and 1 weekend day. At the time of consumption, participants 
measured the quantity of all foods and beverages consumed 


using standard measuring cups and spoons and recorded 
methods of preparation. Approximately 4 weeks before each 
patient’s scheduled operation, a medical examination was 
conducted and patients completed baseline questionnaires, 
as well as biochemical, functional, and anthropometric mea-
surements. Upon completion of the baseline assessment, 
patients were randomly assigned on a 1:1 ratio by computer-
generated random numbers to receive either the prehabili-
tation intervention or the rehabilitation intervention. No 
group stratifications were performed. Group allocation was 
concealed using sequentially numbered sealed envelopes. 
The scheduling of surgery was not affected by study group. 
To reduce the risk of bias, the person conducting the mea-
surements was not aware of group allocation.


Patients in the prehabilitation group consulted with a 
kinesiologist, dietitian, and psychologist at the baseline visit 
and were instructed to begin the trimodal prehabilitation 
program at home immediately. Patients in the rehabilitation 
group participated in an identical consultation at a subse-
quent visit scheduled within 1 week of their surgery and were 
instructed to initiate the program at home after the opera-
tion. The rehabilitation group did not receive any interven-
tion before surgery as they were promised an intervention 
to start soon after surgery. To facilitate adherence to the tri-
modal program, all patients received a standard instructional 
booklet, written in easily comprehensible language with pic-
tures and figures, describing all elements of the program in 
detail. The booklet also contained a diary where the patients 
were asked to document all activities related to the program. 
All participants were visited after the operation, before hos-
pital discharge, by the kinesiologist, nutritionist, and psy-
chologist who reinforced the preoperative instructions. The 
postoperative program was carried out by all participants, 
regardless of group assignment, at home for 8 weeks.


To encourage and measure adherence, patients were con-
tacted weekly by telephone and assessed with a standardized 
set of open-ended questions to uncover issues related to 
maintaining compliance to the frequency, intensity, or dura-
tion of exercise, the amount of whey protein ingested, and 
the use of the relaxation methods. Based on the information 
obtained through telephone and the patient diary, a percent-
age for compliance was tabulated for each element of the 
program and equally accounted for in the total compliance 
value calculated.
Exercise Intervention. A certified kinesiologist assessed 
and trained each participant following the guidelines of the 
American College of Sports Medicine.14 The total-body exer-
cise prescription consisted of up to 50 min of home-based, 
unsupervised exercise for at least 3 days per week, alternat-
ing between aerobic and resistance training. Aerobic exer-
cise intensity was prescribed based on the rate of perceived 
exertion (Borg scale) from the 6-min walk test (6MWT). 
The Karvonen formula [(220 − age) − (resting heart rate × 
% intensity) + resting heart rate] was used to determine the 
heart rate to be maintained to achieve the desired, prescribed 
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intensity. Aerobic exercise could include walking, jogging, 
swimming, or cycling at patient discretion. Each session 
included a 5-min warm-up, 20 min of aerobic exercise (start-
ing at 40% of heart rate reserve), 20 min of resistance train-
ing (eight exercises targeting major muscle groups performed 
at an intensity of 8 to 12 repetitions maximum), and a 5-min 
cooldown. The participant demonstrated the exercises in the 
presence of the kinesiologist who provided corrective feed-
back as necessary. Progression of training intensity occurred 
when the participant could complete the aerobic exercise 
with mild exertion (Borg 12) and/or when the participant 
could complete 15 repetitions of a given resistance exercise. 
To complete the exercises at home, each participant was pro-
vided with a set of three resistance bands (light, moderate, 
and/or heavy resistance). Participants were also given a Borg 
scale and a heart rate monitor to facilitate compliance to the 
intensity of the aerobic exercise prescription (entered by the 
kinesiologist).
Nutrition Intervention. A registered dietitian assessed and 
provided individualized care to each patient based on the 
3-day food diary completed at the time of enrollment. 
Macronutrient quantities (grams of carbohydrate, fat, and 
protein consumed) were estimated from each patient’s food 
record with food exchange lists and composition tables. 
Macronutrient intake was evaluated based on Dietary Ref-
erence Intake values,15 and food choices were compared to 
Eating Well with Canada’s Food Guide recommendations.16 
Given that the primary goal of the trimodal intervention 
was to enhance functional capacity, protein was considered 
the macronutrient of greatest concern. Individual protein 
requirements were calculated as 1.2 g of protein per kilogram 
of body weight (adjusted body weight was used for obese 
patients), as per European Society for Clinical Nutrition and 
Metabolism (ESPEN) guidelines for surgical patients.17


All patients were given a whey protein supplement to 
guarantee adequate daily protein intake (Immunocal®; 
Immunotec Inc., Vaudreuil, Quebec, Canada), at a quan-
tity that matched the estimated dietary deficit. Patients were 
asked to consume the protein supplement within 1 h of their 
exercise regimen to capitalize on postexercise muscle protein 
synthesis.18 Recipes to improve the palatability of the prod-
uct were also provided. Nutritional care plans then focused 
on management of cancer-related symptoms (e.g., diarrhea, 
constipation), blood glucose control if necessary, optimiza-
tion of body composition (i.e., weight loss/gain if necessary), 
and appropriate balance of food choices by providing practi-
cal suggestions based on actual intake.
Coping Strategies to Reduce Anxiety. All patients received 
up to a 60-min visit with a trained psychologist who pro-
vided techniques aimed at reducing anxiety, such as relax-
ation exercises based on imagery and visualization, together 
with breathing exercises. Each patient practiced these exer-
cises with the psychologist and was then provided with a 
compact disc to perform these exercises at home two to three 
times per week. The psychologist also provided suggestions 


on how to enhance and reinforce patients’ motivation to 
comply with the exercise and nutritional aspects of the 
intervention.


Outcomes and Measures
The primary outcome was functional walking capacity as 
measured by the 6MWT 8 weeks after surgery. The 6MWT, 
which has been validated in the colorectal surgical popula-
tion,19 evaluates the ability of an individual to maintain a 
moderate level of physical endurance. Moderate to strong 
correlations have been found between the 6MWT and 
maximum oxygen consumption values obtained with other 
methods of exercise testing.20 The 6MWT was created to test 
exercise tolerance but is now used clinically and in research 
to test functional exercise capacity, defined as “the ability to 
undertake physically demanding activities of daily living.”21 
Participants were instructed to walk back and forth a 15-m 
stretch of hallway for 6 min at pace that would make them 
tired by the end of the walk. The total distance covered in 
6 min was recorded in meters. Participants were allowed to 
rest, although any time spent resting was accounted for in 
the total distance covered in 6 min. Standard motivational 
messages were given at each minute as per American Tho-
racic Society guidelines.22 One practice walk was sufficient 
at baseline.23 A change in 6MWT of 20 m was considered 
clinically meaningful as this is the estimated measurement 
error in community-dwelling elderly.24 The 6MWT was 
conducted at baseline, before surgery, and at 4 and 8 weeks 
after surgery by an assessor blinded to group assignment.


Age- and sex-specific predicted distances were calculated 
using the following formula: predicted distance walked in 
6 min (m) = 868 − (age × 2.9) − (female × 74.7), where age 
is in years, and the value “1” is assigned for females and 0 
assigned to males.25


Secondary outcomes included self-reported physical 
activity, health-related quality of life, anxiety, and depres-
sion. All were assessed at baseline, before surgery, and at 4 
and 8 weeks after surgery. Self-reported physical activity was 
measured by the Community Healthy Activities Model Pro-
gram for Seniors questionnaire. Subjects estimate the num-
ber of total hours spent performing 41 listed activities of 
various intensities during the previous week. An estimate of 
weekly energy expenditure (kcal/kg per week) is determined 
by adding the energy cost of each of the activities performed 
(metabolic equivalents) over the week.26 Evidence is avail-
able supporting its validity as a measure of recovery after 
elective abdominal surgery.27


The generic health-related quality of life questionnaire 
(the 36-Item Short Form Survey from the RAND Medical 
Outcomes Study [SF-36]) includes eight subscales: physical 
function, role physical, bodily pain, general health, vitality, 
social functioning, role emotional, and mental health; each 
subscale is scored on a 0 to 100 scale. Two summary scores 
can be derived, the physical component summary and men-
tal component summary scores, each normalized to a mean 
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of 50 and an SD of 10.28 The SF-36 is commonly used in 
surgical populations, and evidence is available supporting 
its validity as a measure of perceived recovery of health.29–31 
The patients’ psychological state was further assessed using 
the Hospital Anxiety and Depression Scale (HADS).32 This 
questionnaire includes two subscales, anxiety and depres-
sion, each with seven items, scored from 0 to 3. A score 
greater than 8 on either subscale suggests the presence of a 
mood disorder.


Postoperative complication rates were graded by sever-
ity using the Dindo–Clavien classification, in which grade 
I complications require bedside management, grade II 
complications require pharmacologic treatment, grade III 
complications require surgical, endoscopic, or radiologic 
intervention, and grade IV complications require intensive 
care treatment.33


Statistical Analysis
Sample size calculations were based on a two-sample 
(repeated measures) comparison of mean changes at 8 weeks 
compared with baseline. Based on two previous studies per-
formed by our group, we assumed that the average 8-week 
6MWT in the rehabilitation group would be 25 +/− 66 m 
lower than baseline, compared with 35 +/− 68 m above base-
line in prehabilitation group.11,34 A sample size of 80 (40 per 
group) was required to detect these differences with a power 
of 80% and an alpha of 0.05.


Continuous data were compared using Student t test or 
Mann–Whitney U test, depending on the distribution of the 
data. Categorical variables were compared using chi-square 
or Fisher exact tests. All hypothesis tests were two sided. 
The primary outcome (6MWT at 8 weeks) was analyzed 
by calculating the mean difference compared with baseline. 
Changes in the primary (6MWT) and secondary (SF-36, 
HADS, Community Healthy Activities Model Program for 
Seniors) outcomes over time between the two groups were 
also analyzed using a random-coefficients model, using the 
treatment group and time as fixed effects, and patient identi-
fier as a random effect, to account for the longitudinal nature 
of the data.


There were some missing data for several secondary out-
comes. To minimize bias, missing data were handled with 
multiple imputations. In this procedure, missing items are 
estimated using the appropriate regression (truncated lin-
ear regression using the relevant lower and upper values 
for each measure) model from other observed data and 
repeated 10 times to generate ten different imputed datasets. 
Final uncertainty around point estimates incorporates the 
between (datasets) and within (variable) variances, according 
to Rubin’s rules.35 The impact of missingness on the results 
was examined by performing both multiple imputation and 
complete case analyses. Statistical significance was defined as 
P value less than 0.05. The P values for multiple comparisons 


of potentially correlated data were adjusted for multiplicity 
using the Tukey–Ciminera–Heyse multiple comparison pro-
cedure.36 All analyses were performed with STATA 12 (Stata 
Corp., College Station, TX) or open-source R v2.13 statisti-
cal software.*


Results


Subjects
A total of 106 patients were approached for consent, of 
which 89 patients were randomized (fig. 1). Twelve patients 
were excluded because either they did not undergo resection, 
underwent emergency surgery, were operated at a different 
hospital, withdrew consent, or were lost to follow-up. There-
fore, a total of 77 patients were analyzed (38 in the preha-
bilitation group, and 39 in the rehabilitation group). The 
demographic, physiological, and nutritional characteristics 
of those patients who were randomized but excluded from 
the analysis for various reasons were similar to the popula-
tion studied. Baseline patient and operative characteristics, 
as well as baseline measures, are reported in table 1.


The median duration between the baseline assessment 
and surgery was 24.5 days [interquartile range, 20 to 35] in 
the prehabilitation group and 20 days [interquartile range, 
11 to 40] in the rehabilitation group (P = 0.164).


Outcomes
Functional Walking Capacity. All patients completed the 
6MWT at every assessment. Mean baseline walking capacity 
was 421 m (SD, 120.0) in the prehabilitation group and 425 
m (SD, 83.8) in the rehabilitation group (adjusted P = 1.000). 
The trajectories of mean walking capacity in both groups are 
shown in figure 2. The overall changes in 6MWT over time 
were different between the two groups (adjusted P = 0.032). 
Furthermore, there was a clinical and statistically significant 
difference in the mean change in walking capacity over the 
preoperative period and at 8 weeks after surgery (table 2).


Fig. 1. CONSORT diagram for the trial.
* The R Project for Statistical Computing. Available at: www.r-project. 
org. Accessed June 19, 2014.
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Preoperative Period. On average, patients in the prehabilita-
tion period significantly improved while waiting for surgery 
by 25.2 m (SD, 50.2), while those in the rehabilitation group 
declined by 16.4 m (SD, 46.0); mean difference between the 
two groups was 41.7 meters (95% CI, 19.8 to 63.5).
Four Weeks after Surgery. At 4 weeks after surgery, almost 
50% of patients in both groups remained more than 20 m 
below their baseline.
Eight Weeks after Surgery. At 8 weeks after surgery, patients 
in the prehabilitation group were on average above baseline, 
while those in the rehabilitation group remained below base-
line (+23.4 m [SD, 54.8] vs. −21.8 m [SD, 80.7], adjusted 
P = 0.010); mean difference between the two groups 45.2 m 
(95% CI, 13.9 to 77.0)]. Again, a much higher proportion 
of patients in the prehabilitation group were either above or 
recovered to baseline walking capacity compared with the 
rehabilitation group (84 vs. 62%, adjusted P = 0.049).
Self-reported Physical Activity and Compliance to the 
Program. Missing data were present for at least one of the 
secondary outcomes in 22 patients (10 prehabilitation, 12 


rehabilitation). There were no differences in the interpreta-
tion of the results of the multiply imputed or complete case 
analyses for SF-36 and HADS. However, for self-reported 
physical activity, the complete case analysis suggested a sig-
nificant difference over time between the groups in favor of 
the prehabilitation group.
Self-reported Physical Activity. Self-reported physical activ-
ity and compliance to the program at each time point are 
shown in table 3. The change in self-reported physical activ-
ity was similar between groups.
Compliance to the Program. After surgery, compliance to the 
program was consistently higher in the prehabilitation group.
Perioperative Outcomes. There were no differences in the 
incidence of overall 30-day complications, complication 
severity, or emergency department visits and readmission, as 
well as no difference in median length of stay (table 4).
Self-reported Outcomes of SF-36 and HADS. Mean values 
for patient-reported health-related outcomes (SF-36 sub-
scales, and anxiety and depression scores of the HADS) for 
both groups at each time point are shown in table 5. There 


Table 1. Baseline Patient, Operative Characteristics, and Measurements


Prehabilitation (n = 38) Rehabilitation (n = 39)


Age, yr 65.7 (13.6) 66.0 (9.1)
Male sex 21 (55%) 27 (69%)
Body mass index, kg/m2 26.9 (4.6) 28.5 (4.3)
ASA physical status
  I 4 (11%) 4 (10%)
  II 24 (63%) 26 (67%)
  III+ 10 (26%) 9 (23%)
Comorbidities
  Ischemic heart disease 3 (7.5%) 2 (5%)
  Hypertension 8 (21%) 12 (31%)
  Diabetes 3 (7.5%) 5 (13%)
TNM cancer stage
  1–2 21 (55%) 26 (67%)
  3 17 (45%) 13 (33%)
Neoadjuvant therapy 10 (26%) 8 (21%)
Adjuvant therapy within 8 weeks 14 (37%) 13 (33%)
Laparoscopic procedure 37 (97%) 35 (90%)
Type of resection
  Colon* 24 (53%) 23 (59%)
  Rectum† 14 (37%) 16 (41%)
New stoma 13 (34%) 12 (31%)
6MWT (meters) 421 (120) 425 (84)
6MWT (% predicted) 65 (17) 65 (11)
Number of patients with 6MWT <400 m 13 (34%) 16 (41%)
Physical activity, kcal/kg per week [IQR] 25 [9–67] 34 [18–63]
Grip strength left hand, kg (SD) 29 (11) 32 (9)
Grip strength right hand, kg (SD) 30 (11) 34 (10)
Lean body mass, kg (SD) 52 (11) 56 (10)
Fat body mass, kg (SD) 31 (9) 31 (10)
Fat percentage, % of weight (SD) 37.0 (10) 35.5 (9)
Albumin, g/l (SD) 39 (5) 38 (7)


Data are presented as mean (SD), median [IQR], or n (%).
* Includes right and left hemicolectomy and sigmoid resection. † Includes anterior resection, low anterior resection, and abdominoperineal resection.
ASA = American Society of Anesthesiologists; IQR = interquartile range; TNM = tumor–node–metastasis; 6MWT = 6-min walk test.
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were no differences over time between the two groups for 
any of the subscales of the SF-36 or HADS.


Discussion
Preparing patients for surgical resection of colorectal cancer 
with a preoperative trimodal program comprising home-
based moderate aerobic and resistance exercises, nutritional 
counselling with whey protein supplementation, and anxi-
ety-reduction strategies leads to a better functional walking 
capacity before and after colorectal surgery compared with 
starting the program postoperatively.


Preoperative conditioning, or prehabilitation, aims to 
improve preoperative functional and physiological capacity 
sufficiently to enable patients to withstand surgical stress 
and facilitate postoperative recovery.10 In the present trial, 
the average 25.2-m increase in preoperative walking capac-
ity achieved with trimodal prehabilitation offsets the aver-
age 21.8-m decline observed with rehabilitation in the first 


4 weeks after surgery, thus providing a buffer and facilitat-
ing a faster return to baseline walking capacity. It is unclear 
which component of the trimodal intervention contributes 
most to recovery, or whether the increase in functional walk-
ing capacity is an effect of trimodal synergy. One review 
of 12 RCTs reported decreased length of hospital stay and 
fewer pulmonary complications after preoperative exercise 
in patients undergoing cardiac and abdominal surgery.37 In 
contrast, a more recent systematic review of eight RCTs was 
unable to demonstrate that physical exercise alone provides 
physiological improvement and clinical benefit.38 A previ-
ous RCT conducted by our group in patients undergoing 
colorectal surgery compared home-based programs of mod-
erate versus intense exercise, and an unexpected result was 
found for the intense exercise group34: while waiting for sur-
gery, functional walking capacity deteriorated in a third of 
patients assigned to the intense exercise program, with com-
pliance at a mere 16%, thus indicating that the prescribed 
exercise regimen could not be maintained. Predictors of poor 
surgical outcome included deterioration while waiting for 
surgery, age over 75 yr, and high anxiety, thus supporting 
the need to better identify which factors, such as disease pro-
gression, catabolic state, poor compliance, and psychological 
stress, in addition to exercise, contribute to functional dete-
rioration before surgery. The trimodal program thus evolved 
to combine moderate physical activity with nutritional 
counseling and whey protein supplementation together with 
coping strategies to address mental health and improve pro-
gram compliance. In an observational, feasibility pilot study, 
patients enrolled in the new multimodal program, compared 
with historical controls, demonstrated significantly higher 
compliance and functional walking capacity throughout the 
perioperative period.11 At a close analysis of the pilot study 
and the present investigation, it appears that while 40% of 
the pilot control group had recovered by 8 weeks without 


Fig. 2. Mean distance walked in 6 min at the four study 
time points for the prehabilitation and rehabilitation groups  
(P = 0.016). Whiskers represent 95% CIs.


Table 2. Changes in 6MWT over Time Compared to Baseline


Prehabilitation (n = 38) Rehabilitation (n = 39) Adjusted P Value*


Presurgery
  Mean change in 6MWT during the preoperative  


period†, meters (SD)
+25.2 (50.2) −16.4 (46.0) <0.001


  % of patients exhibiting clinically important changes  
during the preoperative period†


0.006


   Deterioration‡ 8 (21%) 14 (36%)
   No change§ 10 (26%) 19 (49%)
   Improvement║ 20 (53%) 6 (15%)
8 weeks after surgery
  Mean change in 6MWT at 8 weeks, meters (SD) +23.4 (54.8) −21.8 (80.7) 0.020
  % of patients exhibiting clinically important  


changes at 8 weeks
0.022


   Deterioration‡ 6 (16%) 15 (38%)
   No change§ 10 (26%) 14 (36%)
   Improvement║ 22 (58%) 10 (26%)


* P value adjusted for multiple comparisons. † Time between baseline and immediate presurgery assessments. ‡ Greater than 20-m decrease compared 
with baseline. § Within 20 m of baseline. ║ Greater than 20-m increase compared with baseline.
6MWT = 6-min walk test.
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any intervention, 62 and 84% of the rehabilitation group 
and prehabilitation group, respectively, returned to baseline 
levels, indicating that a clinically significant proportion of 
patients improve with this trimodal program.


In designing the present trial of the trimodal program, 
we addressed challenges encountered in the previous RCT, 
including the potential bias that ensues from not being able 
to blind patients to group assignment. For this reason, we 
chose not to opt for a sham intervention, but instead to 
provide all patients with a program which would be allo-
cated either before or after surgery. This approach attracted 
patient participation, with a lower refusal rate than our pre-
vious trial. Furthermore, while a formal trimodal interven-
tion may not be included as part of current practice after 
surgery, nutritional supplements and physical activity are 


increasingly encouraged in the context of enhanced recov-
ery programs.39–41 Therefore, we believe that the design was 
appropriate under the constraint of a clinical trial.


The interval of time from the diagnosis to surgery in the 
prehabilitation group was between 3 and 4 weeks and within 
the time recommended by the Canadian Oncological Soci-
ety.42 This time period was sufficient to produce an increase 
in functional walking capacity, with a mean difference in 
distance of approximately 40 m between the prehabilitation 
and the rehabilitation groups at each time point. Within the 
measurement error, which is estimated at 20 m, over 50% 
of subjects in the prehabilitation group improved by more 
than 20 m preoperatively, while in the rehabilitation group 
36% decreased by more than 20 m. Eight patients (21%) in 
the prehabilitation group deteriorated before surgery, with 


Table 3. Self-reported Physical Activity and Total Trimodal Compliance at Each Time Point


Prehabilitation (n = 38) Rehabilitation (n = 39) Adjusted P Value*


Baseline self-reported physical activity,  
kcal/kg per week (SD)


45.5 (49.8) 55.9 (68.4) 0.132


Self-reported physical activity before  
surgery, kcal/kg per week (SD)


81.2 (101.0) 61.7 (125.6)


Self-reported physical activity 4 weeks  
after surgery, kcal/kg per week (SD)


46.4 (68.7) 32.8 (38.0)


Self-reported physical activity 8 weeks  
after surgery, kcal/kg per week (SD)


47.7 (52.2) 35.7 (63.8)


Compliance during preoperative  
period, % (SD)


78% (21) N/A


Compliance from surgery to 4 weeks, % (SD) 53 (30) 31 (26) <0.001
Compliance from 4 to 8 weeks, % (SD) 53 (33) 40 (31) 0.117


Values are mean (SD), derived from multiple imputations.
* Denotes the P value from repeated-measures analysis that the changes over time in physical activity scores are different between the two groups, adjusted 
for multiple comparisons.
N/A = not applicable.


Table 4. Perioperative Outcomes


Prehabilitation (n = 38) Rehabilitation (n = 39) P Value


Patients with at least one 30-day complication 12 (32%) 17 (44%) 0.277
  Ileus 3 (8%) 6 (15%)
  Wound infection 3 (8%) 3 (8%)
  Anastomotic leak 2 (5%) 3 (8%)
  Abscess 1 (3%) 3 (8%)
  Pulmonary edema 1 (3%) 1 (3%)
  Urinary tract infection 1 (3%) 0
  GI bleeding 1 (3%) 0
  Intestinal ischemia 0 1 (3%)
Grade of most severe complication 0.506
  Grade I 5 (13%) 5 (13%)
  Grade II 3 (8%) 6 (15%)
  Grade III 4 (11%) 4 (10%)
  Grade IV 0 2 (5%)
Primary hospitalization, days [IQR] 4 [3–5] 4 [3–7] 0.812
Total hospitalization*, days [IQR] 4 [3–6] 5 [3–9] 0.446
30-day emergency department visits 6 (16%) 9 (23%) 0.420
30-day readmission 6 (15%) 5 (13%) 0.780


* includes primary admission and any readmission.
GI = gastrointestinal; IQR = interquartile range.
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Table 5. Patient-reported Measures of SF-36 Subscales and HADS


Prehabilitation (n = 38) Rehabilitation (n = 39) Adjusted P Value*


SF-36 subscales
  Physical functioning† 0.468
   Baseline 72.9 (27.4) 76.8 (22.1)
   Before surgery 73.5 (25.0) 72.6 (29.7)
   4 weeks 61.8 (31.6) 62.1 (30.5)
   8 weeks 74.3 (26.1) 72.3 (24.2)
  Role physical† 0.360
   Baseline 52.9 (46.1) 53.0 (49.6)
   Before surgery 62.3 (44.3) 56.6 (50.4)
   4 weeks 24.2 (42.3) 15.8 (35.1)
   8 weeks 40.7 (45.6) 35.0 (44.6)
  Bodily pain† 0.623
   Baseline 68.1 (27.7) 75.8 (24.6)
   Before surgery 74.7 (22.6) 73.6 (25.3)
   4 weeks 59.9 (30.7) 64.1 (28.2)
   8 weeks 74.2 (24.7) 73.2 (26.7)
  General health† 0.980
   Baseline 62.0 (20.4) 63.5 (20.3)
   Before surgery 66.4 (22.8) 60.0 (25.8)
   4 weeks 66.0 (19.3) 64.9 (18.4)
   8 weeks 65.7 (22.9) 68.2 (19.5)
  Vitality† 0.597
   Baseline 53.1 (19.9) 59.6 (21.6)
   Before surgery 60.3 (22.7) 59.2 (23.4)
   4 weeks 51.9 (25.4) 53.6 (23.6)
   8 weeks 61.0 (21.8) 62.6 (17.7)
  Social functioning† 0.656
   Baseline 71.0 (25.8) 77.6 (21.2)
   Before surgery 72.3 (28.8) 75.4 (31.9)
   4 weeks 53.2 (30.4) 60.4 (26.5)
   8 weeks 75.6 (23.3) 72.4 (27.3)
  Role emotional† 0.672
   Baseline 69.5 (44.8) 68.4 (38.8)
   Before surgery 62.8 (48.8) 53.4 (49.8)
   4 weeks 46.7 (53.9) 46.3 (48.5)
   8 weeks 69.4 (38.6)) 52.9 (47.5)
  Mental health† 0.085
   Baseline 67.8 (18.5) 72.7 (15.4)
   Before surgery 71.6 (21.5) 69.6 (24.8)
   4 weeks 70.6 (17.5) 70.6 (19.9)
   8 weeks 79.0 (16.1) 72.4 (20.9)
HADS
  Anxiety‡ 0.330
   Baseline 6.9 (4.3) 6.8 (4.2)
   Before surgery 5.6 (3.9) 5.9 (4.7)
   4 weeks 4.9 (3.9) 5.4 (5.1)
   8 weeks 4.3 (3.4) 5.1 (4.7)
  Depression‡ 0.999
   Baseline 3.8 (4.6) 4.3 (4.0)
   Before surgery 3.2 (3.1) 3.6 (4.6)
   4 weeks 4.2 (3.3) 3.6 (4.1)
   8 weeks 3.2 (3.2) 3.7 (4.3)


Data presented as mean (SD).
* Denotes the P value from repeated-measures analysis that the changes over time in subscale scores are different between the two groups, adjusted for 
multiple comparisons. † Range 0–100. Higher values represent better scores. ‡ Range 0–21. Higher values represent worse scores.
HADS = Hospital Anxiety and Depression Scale; SF-36 = the 36-Item Short Form Health Survey.
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a drop from a mean value of 500 m to 463 m. No specific 
reasons (tumor burden, low albumin, type of surgery, high 
HADS score) could be found, except that five of them had 
poor compliance to the trimodal program. One can also 
assume that, with an average baseline 6MWT of 500 m, well 
above the 60% predicted value of the prehabilitation group, 
there was not much room for further improvement. The 
magnitude of change in walking capacity in the prehabilita-
tion group can be considered clinically relevant as it is above 
the range of the minimal clinically important difference for 
the 6MWT recently reported in the context of postopera-
tive recovery.43 This functional data is supported by a statis-
tically significant increase in self-reported physical activity 
by the prehabilitation group during the 3 to 4 weeks before 
surgery, equivalent to an average of 10,000 kcal. However, 
the increased walking capacity and physical activity were 
not associated with improved health-related quality of life. 
Because the 6MWT only measures functional walking 
capacity, and not general health, this may not be unexpected. 
Six weeks after colorectal surgery, the correlation between 
the 6MWT and the physical subscales of the SF-36, while 
statistically significant, is only poor to moderate.19 We did 
not specifically investigate the impact of prehabilitation on 
activities of daily living, return to employment, or leisure 
activities outside of what was queried in the Community 
Healthy Activities Model Program for Seniors questionnaire.


While there is no accepted standard definition, or stan-
dard measure, of postoperative recovery, measures of func-
tional status and performance have been recommended.27,44 
The 6MWT, a test of functional exercise capacity, was chosen 
as the primary outcome because it integrates all components 
of physical activity including balance, speed, muscle force, 
and endurance. Evidence supports the 6MWT as a valid 
measure of recovery after colorectal surgery.19 Advantages of 
the 6MWT as a measure of recovery include the lack of a 
ceiling effect and the fact that it is not affected by response 
shift, unlike self-reported symptoms or health-related qual-
ity of life. It does not require specialized equipment and can 
be administered even in a small place. As the error of the 
6MWT has been estimated to be ±20 m,24 the differences 
between the two groups over the prehabilitation period and 
at 8 weeks may be considered clinically important.


While physical activity was of primary importance, the 
additional roles of nutritional optimization and psychological 
motivation cannot be ruled out as essential contributors to 
the observed improvement in functional capacity, particularly 
in cancer patients.45 Whey protein was chosen as the protein 
supplement because of its amino acid composition, includ-
ing rich leucine content, which has been found to indepen-
dently stimulate translation initiation of protein synthesis in 
skeletal muscle through activation of the mammalian target 
of rapamycin complex.46 Whey protein supplementation has 
also been found to promote synthesis of intracellular anti-
oxidant glutathione, attributed to its high cysteine content, 
and to attenuate proinflammatory cytokines in nonsurgical 


populations and thus may promote a protein-sparing effect 
after surgery.47 The aim of the nutritional intervention was 
provision of protein and energy to guarantee available sub-
strate for the anabolic window following exercise.48 Similarly, 
the interaction with the psychologist aimed to teach the 
patients to take control of stressful occasions throughout the 
treatment and boost participation in the program.


There was no difference in clinical outcomes between 
the prehabilitation and rehabilitation groups. Patients were 
cared for within an enhanced recovery pathway with a very 
high use of laparoscopy, and length of stay was relatively 
low in both groups. Although this study was not powered 
to determine the impact of prehabilitation on clinical out-
comes, we recently demonstrated that lower preoperative 
6MWT was associated with an increased risk for cardio-
respiratory complications.49 These preliminary results are 
intended to serve as a proof of concept and need to be 
confirmed in a large randomized study, perhaps targeting 
prehabilitation efforts to patients with poorer baseline func-
tional exercise capacity.


The results of this RCT have to be interpreted in view of 
several limitations. First, it is possible that patients random-
ized to the rehabilitation group could have sought out simi-
lar interventions on their own in the preoperative period. 
We did not ask patients in the rehabilitation group whether 
they changed their diet or sought out psychological support 
independently, but the majority of the rehabilitation group 
did not report any increase in physical activity in the preop-
erative period. At a close analysis of the Community Healthy 
Activities Model Program for Seniors questionnaire only six 
patients (15%) of this group reported vigorous physical activ-
ity in the preoperative period, which could explain the 41-m 
increase in 6MWT observed. Second, there was a moderate 
amount of missing data that had to be handled with multiple 
imputations, although all of the missing data were second-
ary outcomes. This was due to several reasons such as failure 
to answer all questions, the questionnaire was not returned, 
or unwillingness to fill the questionnaire. While multiple 
imputations may result in less bias than other methods of 
handling missing data,50 and may be a valid method to han-
dle as much as 30% missing data,51 the potential for biased 
results is still present. Lastly, we did not measure immuno-
logic changes over the study period. However, it is unclear 
whether any differences in immunologic parameters could 
have been detected at the time points selected for our study, 
as changes in immunologic indices are short-lived and their 
relationship to long-term outcomes is unclear.


Meaningful changes in functional exercise capacity can 
be achieved with prehabilitation in patients scheduled for 
elective colorectal surgery for cancer. The same multimodal 
intervention started after surgery did not produce similar 
functional benefits. There is a need to understand the mech-
anism for such functional improvement and the effective-
ness of this intervention in the context of the continuum of 
cancer care.9
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