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While cardiac and pulmonary rehabilitation programs tradition-
ally involve exercise therapy and risk management following an 
event (eg, myocardial infarction and stroke), or an intervention 
(eg, coronary artery bypass surgery and percutaneous coronary 
intervention), prehabilitation involves enhancing functional 
capacity and optimizing risk profile prior to a scheduled inter-
vention. The concept of prehabilitation is based on the principle 
that patients with higher functional capabilities will better toler-
ate an intervention, and will have better pre- and post-surgical 
outcomes. In addition to improving fitness, prehabilitation has 
been extended to include multifactorial risk intervention prior to 
surgery, including psychosocial counseling, smoking cessation, 
diabetes control, nutrition counseling, and alcohol abstinence. A 
growing number of studies have shown that patients enrolled in 
prehabilitation programs have reduced post-operative complica-
tions and demonstrate better functional, psychosocial, and sur-
gery-related outcomes. These studies have included interventions 
such as hepatic transplantation, lung cancer resection, and ab-
dominal aortic aneurysm (repair, upper gastrointestinal surgery, 
bariatric surgery, and coronary artery bypass grafting). Studies 
have also suggested that incorporation of prehabilitation before 
an intervention in addition to traditional rehabilitation follow-
ing an intervention further enhances physical function, lowers 
risk for adverse events, and better prepares a patient to resume 
normal activities, including return to work. In this overview, we 
discuss prehabilitation coming of age, including key elements 
related to optimizing pre-surgical fitness, factors to consider 
in developing a prehabilitation program, and exercise training 
strategies to improve pre-surgical fitness.
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these reasons, CRF is often the primary metric to gauge the 
efficacy of pharmaceutical, device, or rehabilitation thera-
pies in patients with cardiovascular or pulmonary disease. 
Cardiorespiratory fitness is traditionally assessed following a 
cardiovascular event or interventions such as surgical, device, 
or exercise training. However, there has been a recent recog-
nition that individual functional capabilities prior to surgical 
or other interventions powerfully predict outcomes associ-
ated with the intervention.7-9 A growing number of studies 
have demonstrated that optimizing CRF before undergoing 
surgery has a considerable impact on health outcomes, both 
during surgery and in the short- and long-term period fol-
lowing surgery or other procedures.7,10-13 This has led to the 
concept of “prehabilitation,” a term that has been used in 
recent years to describe the process of enhancing a patient’s 
functional capabilities to withstand a stressful event.7,14

Prehabilitation typically consists of 4- to 8-wk programs 
of exercise therapy along with related efforts to optimize  
patient risk status before surgery. This approach has been 
widely used in recent years outside the United States where 
there tends to be a much greater emphasis on prevention 
and rehabilitation.15,16 Enhancing physical function through 
perioperative exercise programs has been demonstrated to 
improve outcomes among patients undergoing both cardiac 
and noncardiac surgery, including hepatic transplantation, 
lung cancer resection, abdominal aortic aneurysm (AAA) 
repair, upper gastrointestinal surgery, intra-abdominal sur-
gery, bariatric surgery, and coronary artery bypass grafting 
(CABG).8-14,17-28 Some notable studies in this area along with 
key results are outlined in Table 1.22,29-38 Note that the appli-
cation of prehabilitation to cardiac and pulmonary rehabili-
tation is relatively recent, and the benefits of prehabilitation 
have been shown to apply across the spectrum of chronic 
conditions. While the type and duration of the exercise inter-
ventions have varied, these studies have consistently demon-
strated that enhancing physical function through programs 
of prehabilitation has a considerable impact on improving 
a wide range of outcomes, including surgical complications, 
length of hospitalization, and post-surgical exercise toler-
ance.

Similar to traditional cardiac rehabilitation, multifactorial 
approaches to prehabilitation have been shown to be most 
successful. While regular exercise and increasing function-
al capacity remain the foundation of these programs, there 
are a growing number of examples of the benefits of mul-
tidisciplinary approaches to improving outcomes associat-
ed with surgical interventions. For example, smoking ces-
sation, psychosocial counseling, diabetes control, nutrition 
counseling, and alcohol abstinence have all been shown to 
improve perioperative outcomes.39-42 A medical weight man-
agement period is typically required in guidelines assessing 
appropriateness for gastric bypass surgery, although this 
has generated some controversy.43 Psychosocial prehabilita-
tion has been demonstrated to be useful to provide realistic 
post-operative expectations, including return to work and 
pain management,39,40 and can aid in smoking and alcohol 

In recent years, there has been increasing recognition of 
the value of cardiorespiratory fitness (CRF) as a marker of 

risk for adverse outcomes.1 In fact, CRF has been repeated-
ly demonstrated to outperform traditional risk markers, in-
cluding hypertension, smoking, and hyperlipidemia in terms 
of estimating risk for mortality and cardiovascular events.1-5 
This has led to the concept that CRF should be considered 
a risk factor of equal importance with these traditional risk 
factors and should be routinely measured or estimated, much 
like blood pressure, during clinical encounters.1,6 Partly for 
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abstinence. Smoking cessation >4 wk prior to surgery is 
associated with reduced risks of pulmonary complications, 
wound infections, and intensive care readmissions across a 
broad spectrum of surgical procedures.41,42 Following is a 
discussion of key elements in optimizing pre-surgical CRF, 
factors to consider in developing a prehabilitation program, 
and exercise training strategies to improve pre-surgical CRF.

KEY ELEMENTS IN OPTIMIZING PRE-SURGICAL 
FITNESS
Knowing the CRF of an individual is fundamental before 
starting a prehabilitation program. This may take different 
forms depending upon the type of intervention. For exam-
ple, it may mean improving peak oxygen uptake (V

.
o2peak) 

in many patients, but in others the goal may be weight loss, 
improving other measures of physical function, reducing 
frailty, reducing fall risk, etc. Considering the goals to be 
achieved in approaching prehabilitation, it is reasonable to 
think in terms of three concepts. The first concept reflects 
the fact that many prehabilitation candidates, by definition, 
are particularly compromised. Thus, improving CRF in such 
patients mandates optimizing their readiness for more tra-
ditional, subsequent interventions targeting improved CRF. 
The second concept acknowledges the components of im-
proved CRF as having both central (cardiopulmonary) and 
peripheral (oxygen delivery within skeletal muscle) compo-
nents. Third, improving muscular fitness should complement 
any cardiorespiratory exercise prescription. In patients with 
particularly limited exercise tolerance where traditional 

approaches to improving CRF are compromised, a program 
that targets muscular fitness may be especially important.

The first concept, improving CRF in patients with espe-
cially compromised function mandates optimizing patient 
readiness for more traditional interventions targeting im-
proved CRF, is frequently overlooked. That is, there are 
physiological parameters that are fundamental to facil-
itating improved CRF, and these are often presumed to 
be either within normal ranges or optimized in tradition-
al populations availed for exercise training. Assessment 
considerations for patients awaiting surgery and who are 
appropriate for a prehabilitation intervention are noted 
in Table 2. In addition to ensuring the considerations list-
ed in Table 2 are included in the pre-exercise evaluation, 
other important elements to consider in a prehabilitation 

Table 1

Selected Examples of Prehabilitation Studies in Patients With Different Clinical Conditions

Citation Year Subjects Procedure Outcomes Key Results

Arthur et al (2000)29 n = 249; ≥ 10 wk prehabilitation CABG Post-operative length of 
hospital stay, HRQOL

Reduced length of hospital stay; reduced 
length of ICU time; improved HRQOL 
pre- and post-surgery

Beaupre et al (2004)30 n = 131 Total knee 
arthroplasty

SF-36, strength measures, 
length of hospital stay

Reduced post-operative hospital stay

Carli and Zavorsky 
(2005)31

n = 275; various procedures, 
variable prehabilitation programs

Abdominal or 
cardiac surgery

Post-operative 
complications and 
death, length of stay, 
QOL, functional ability

Reduced post-operative complications and 
death, reduced length of stay, reduced 
decline in functional ability, improved 
QOL

Herdy et al (2008)32 n = 56; 6.7 ± 1.5 d of pre-operative 
progressive exercise training 
respiratory exercises included 
spirometer training and intermittent 
positive pressure breathing

CABG 6MWT, time to extubation, 
incidence of pulmonary 
complications and 
cardiac arrhythmias, 
length of hospital stay

Shorter time to endotracheal extubation; 
reduction in the incidence of pleural 
effusion, atelectasis, pneumonia, and 
atrial fibrillation or flutter, shorter length 
of in-hospital stay after surgery

Kim et al (2009)33 n = 21; 4-wk pre-operative aerobic 
exercise program

Colorectal cancer Exercise capacity, 6MWT Improved peak power output; improved 
ventilatory efficiency; improved 6MWT

Mayo et al (2011)34 n = 95; prehabilitation ∼6 wk Colorectal surgery 6MWT, QOL, exercise 
capacity

Improved exercise capacity; improved 
recovery responses and improved QOL

Nagarajan et al 
(2011)35

Meta-analysis Lung resection Exercise capacity, 
pulmonary function 
post-surgery

Improved exercise capacity; improved 
pulmonary function following surgery

Myers et al (2014)22 n = 140 AAA disease AAA repair Exercise capacity, AAA 
growth

Improved V
·
o2peak, VT, ventilatory 

inefficiency
Grant et al (2015)36 n = 506; pre-operative CPX AAA repair/EVAR Mortality, exercise capacity Improved 3-yr survival; increased exercise 

capacity; improved ventilatory efficiency
Barberan-Garcia et al 

(2018)37
n = 144; prehabilitation ∼6 wk Abdominal surgery Post-operative 

complications, exercise 
capacity

Reduced post-operative complications, 
improved exercise capacity

Lotzke et al (2019)38 n = 118; 8-12 wk prehabilitation Lumbar fusion 
surgery

QOL, physical function Improved QOL and several measures of 
physical function

Abbreviations: 6MWT, 6-min walk test; AAA, abdominal aortic aneurysm; CABG, coronary artery bypass surgery; CPX, cardiopulmonary exercise test; EVAR, endovascular aneurysm repair; 
HRQOL, health-related quality of life; ICU, intensive care unit; QOL, quality of life; SF-36, Short Form 36 Health Survey Questionnaire; VT, ventilatory threshold; V

·
o2peak, peak oxygen uptake.

Table 2

Pre-exercise Considerations in Prehabilitation

Laboratories that influence the exercise response and adaptation (hemoglobin, 
hematocrit)

Medications, including supplemental oxygen, that influence the exercise response
Resting vital signs
Symptoms and cognition to ensure accurate responses during exercise
Pre-exercise auscultation and assessment of breathing mechanics
Musculoskeletal and balance screening, manual muscle testing to identify 

specific weaknesses that might impair exercise
Coexisting diagnoses that may influence the exercise approach (lung 

dysfunction, peripheral arterial disease)
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approach may include less well-recognized strategies that 
are particularly well-suited for those with low CRF.

One such strategy to consider is the use of nonexercise 
session energy-saving techniques to optimize energy for fo-
cused exercise therapy sessions, such as the use of assistive 
and adaptive equipment. Likewise, it is appropriate to plan 
daily activities that interpose frequent rest periods to con-
serve energy and metabolic resources needed for therapy. 
Another important pre-exercise strategy is ensuring optimal 
oxygen exchange, including breathing exercises (diaphrag-
matic, pursed lip) and/or devices such as incentive spirom-
etry to promote greater lung volume, improve distribution 
of ventilation and more efficient breathing patterns. It is im-
portant to recognize the interprofessional collaboration of 
respiratory therapy and nursing, for example, in a team ap-
proach to optimize airway clearance techniques and breath-
ing exercises. In particular, an interprofessional approach 
for patients in whom airways are compromised by pulmo-
nary comorbidities, including as indicated, airway clearance 
techniques (postural drainage, manual or assisted therapy to 
remove secretions) to reduce risk of atelectasis and improve 
ventilation through decreased airflow obstruction, is critical.

The second important concept is the acknowledgment that 
the components of improved CRF are both central and pe-
ripheral in nature. Central limitations are a function of dimin-
ished cardiac output, but there is a poor correlation between 
CRF and ejection fraction, so reduced ejection fraction should 
not bias the opportunity to improve CRF. In many chronic 
conditions, peripheral adaptations provide the greatest con-
tribution to improved CRF and function; thus, designing en-
durance interventions that are multimodal and target a vari-
ety of upper extremity and lower extremity muscle groups is 
critical. An important parallel consideration, particularly in 
lower functioning patients, is the premature fatigue associ-
ated with upper extremity exercise. In the development of a 
prehabilitation exercise therapy plan, it is appropriate to add 
upper extremity training (arm ergometry, for example), but 
the ventilatory requirement combined with low relative en-
durance reserve in the upper extremity can impair achieving 
the objectives of the broader prehabilitation plan.

The third concept is the recognition that muscular fitness 
should complement any cardiorespiratory exercise prescrip-
tion. This is especially relevant when the ability to engage in 
moderate-intensity cardiorespiratory exercise programming 
is significantly reduced, as it often is in patients awaiting 
surgery and who may be quite sedentary. For patients with 
significantly compromised CRF, interventions designed to 
improve muscular fitness may be as important to cardio-
respiratory function as traditional cardiovascular exercise 
modes. In this regard, one set of a muscular fitness regi-
men (elastic bands, hand weights, or circuit) is sufficient to 
improve measures of muscular fitness. Moreover, multiple, 
shorter bouts of exercise, balancing aerobic challenges with 
muscular fitness exercises, are vital.

STRATEGIES TO IMPROVE FITNESS PRIOR TO 
A SURGICAL OR OTHER INTERVENTION
With the aging of society, care of patients after cardiac 
surgery has become more complex due to the increasing 
number and severity of comorbidities, frailty, and psycho-
social factors. Many of these factors are controllable and 
even reversible if detected and treated in a timely fashion. 
One cornerstone of efforts to manage these comorbidities 
is incorporating strategies to improve CRF. The pre-surgi-
cal period provides one such opportunity to enhance CRF 
and help control the severity of many of these comorbidi-
ties. There are many appropriate strategies to achieve these 

goals; importantly, the fundamentals of exercise prescrip-
tion are similar for prehabilitation and rehabilitation, and 
the approach should be individualized depending upon the 
patient, the type of intervention, and comorbidities present.

Exercise training appropriately remains the cornerstone 
of modern cardiac rehabilitation, since it not only counter-
acts the major modifiable risk factor physical inactivity but 
also because it favorably affects the spectrum of modifiable 
cardiovascular disease risk factors including overweight and 
obesity, arterial hypertension, dyslipidemia, hyperglycemia, 
and smoking.44 As a consequence, exercise training ame-
liorates symptoms, reduces ischemia, improves endothelial 
function,45-47 induces regression or attenuation of progres-
sion of coronary artery disease,48-51 and reduces morbidity 
and mortality.52 This is manifested in current guidelines and 
position papers from all major cardiac societies.53-56 Preha-
bilitation should be considered a catalyst that provides the 
beginning steps in achieving these goals. Prehabilitation is 
more than simply an early exercise training program in that 
it represents not just exercise training, but the coordinated 
sum of efforts needed to establish the best possible physical, 
psychological, and social conditions that help limit the un-
toward effects of surgery and enable patients to reclaim their 
familiar place in society as soon after surgery as possible. 
Much like cardiac rehabilitation programs, effective preha-
bilitation is conducted by an interdisciplinary team that aims 
to achieve a sustainable reduction in cardiovascular risk fac-
tors, helps restore physical function, and addresses psycho-
social issues (eg, anxiety, depression, and return to work) 
that are inevitably associated with surgical interventions.

More than a decade ago, Herdy et al32 identified a criti-
cal window of opportunity for enhancing function prior to 
CABG. Frequently, the decision to perform CABG is made 
while patients have been admitted because of an acute coro-
nary event or routine coronary angiography, which revealed 
coronary artery disease too severe to permit discharge be-
fore surgery. In these and other situations, patients remain 
in the hospital until surgery can be safely performed. As a 
consequence patients are at risk of deconditioning, which 
is known to negatively affect surgical outcomes. The hy-
pothesis was tested that cardiopulmonary prehabilitation 
is superior to usual care in reducing post-operative com-
plications and hospital length of stay.32 In order to make 
better use of this waiting period, patients were enrolled in a 
phase I in-hospital rehabilitation program, which consisted 
of ≥ 5d of a pre-operative exercise program. The interven-
tion started on the day of admission and was paused only 
for surgery until the day of extubation, when it was contin-
ued again until the day of hospital discharge. The exercise 
protocol consisted of progressive exercises according to 
standardized phase I cardiac rehabilitation programs and 
progressed from passive movements on the first post-oper-
ative day to walking at an intensity of 2 metabolic equiva-
lents (METs) and climbing two flights of stairs on the fifth 
day (≈4 METs). Additional respiratory exercises includ-
ed spirometer training and intermittent positive pressure 
breathing. Patients in the control group received usual care. 
Participation in the program of prehabilitation for a mean 
of just 6.7 ± 1.5 d led to shorter time to endotracheal extu-
bation, reductions in the incidence of pleural effusion, atel-
ectasis, pneumonia, atrial fibrillation or flutter, and shorter 
length of in-hospital stay after surgery. Thus, prehabilita-
tion was safe and patients showed improvements in each 
of the key metrics related to CABG. This study in part laid 
the foundation for numerous subsequent studies that have 
consistently confirmed the postulated benefits of prehabil-
itation. Indeed, Sandhu and Akowuah57 recently reviewed 
four meta-analyses on prehabilitation associated with 
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cardiac surgery and reported an overall reduction in post- 
operative pulmonary complications and reductions in 
length of stay, with no adverse events or differences in 
mortality as compared to control groups not receiving pre-
habilitation.

The group of patients undergoing CABG described earlier 
is just one example of a population who may benefit from 
prehabilitation. Strategies to improve CRF should be individ-
ualized to the type of surgical intervention and the patient. 
For example, patients awaiting orthopedic surgery are inev-
itably required to learn to walk with crutches, and therefore 
these patients benefit from enhancing strength in the pre-sur-
gical period to optimize post-surgical ambulation. A growing 
number of studies have shown that prehabilitation prior to 
orthopedic surgery accelerates the return to normal physi-
cal function, potentially hastening the capacity to return to 
work.20,24,27 Similar to patients with stable coronary artery 
disease with or without stable angina, patients awaiting or-
thopedic surgery could join classes of aerobic exercise train-
ing as well as resistance training to increase their CRF prior 
to surgery and thus improve their prognosis. In addition, 
it has previously been shown that continuous and interval 
training were equally effective in patients with coronary ar-
tery disease.58 The medical team must assure that the mode 
of exercise is appropriate for a given patient but may con-
sider either or both of these training protocols. Moreover, a 
considerable body of data is available supporting the benefits 
of exercise training among nonrevascularized patients with 
stable myocardial ischemia.48 It can be safely stated that on 
average patients fared well with submaximal aerobic exercise 
training that not only included cycle ergometer training but 
also jogging, ball games, and swimming. Provided that exer-
cise training is individually tailored, patients can be offered 
a wide choice of exercises that can safely be performed prior 
to revascularization.

SUMMARY
Prehabilitation is comparatively new and its value is not 
widely recognized in the clinical community. For example, 
although optimizing physical function in preparation for 
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pre-operative period

Abbreviations: MET, metabolic equivalent; V
.
o2peak, peak oxygen uptake.

Copyright © 2021 Wolters Kluwer Health, Inc. Unauthorized reproduction of this article is prohibited.



www.jcrpjournal.com Prehabilitation in Cardiac and Pulmonary Rehabilitation    145

 5. Lavie CL, Arena R, Swift DL, et al. Exercise and the cardiovascu-
lar system. Clinical science and cardiovascular outcomes. Circ Res. 
2015;117:207-219.

 6. Sallis RE, Matuszak JM, Baggish AL, et al. Call to action on mak-
ing physical activity assessment and prescription a medical stan-
dard of care. Curr Sports Med Rep. 2016;15:207-214.

 7. Myers J, Fonda H. The impact of fitness on surgical outcomes: the 
case for prehabilitation. Curr Sports Med Rep. 2016;15:282-289.

 8. Boreskie KF, Hay JL, Kehler DS, et al. Prehabilitation: the right 
medicine for older frail adults anticipating transcatheter aortic 
valve replacement, coronary artery bypass graft, and other cardio-
vascular care. Clin Geriatr Med. 2019;35:571-585.

 9. Moran J, Guinan E, McCormick P, et al. The ability of preha-
bilitation to influence postoperative outcome after intra-abdom-
inal operation: a systematic review and meta-analysis. Surgery. 
2016;160:1189-1201.

 10. Halloway S, Buchholz SW, Wilbur J, et al. Prehabilitation inter-
ventions for older adults: an integrative review. West J Nurs Res. 
2015;37:103Y23.

 11. Silver JK. Cancer rehabilitation and prehabilitation may reduce 
disability and early retirement. Cancer. 2014;120:2072-2076.

 12. Santa Mina D, Clarke H, Ritvo P, et al. Effect of total-body pre-
habilitation on postoperative outcomes: a systematic review and 
meta-analysis. Physiotherapy. 2014;100:196Y207.

 13. Miralpeix E, Mancebo G, Gayete S, Corcoy M, Solé-Sedeño JM. 
Role and impact of multimodal prehabilitation for gynecologic on-
cology patients in an Enhanced Recovery After Surgery (ERAS) 
program. Int J Gynecol Cancer. 2019;29:1235-1243.

 14. Jack S, West M, Grocott MP. Perioperative exercise training in el-
derly subjects. Best Pract Res Clin Anaesthesiol. 2011;25:461Y72.

 15. Wolf SH, Aron L, eds. National Research Council and Institute of 
Medicine. US Health in International Perspective. Shorter Lives, 
Poorer Health. Panel on Understanding Cross-National Health 
Differences among High-Income Countries. Committee on Popu-
lation Division of Behavioral and Social Sciences and Education. 
Washington DC:National Academy Press; 2013.

 16. UMHS. Why preventive medicine is not considered priority in USA. 
The UMHS Endeavor. https://www.umhs-sk.org/blog/preventive- 
medicine-considered-priority-usa/. Accessed 4/13/2020

 17. Alkarmi A, Thijssen DH, Albouaini K, et al. Arterial prehabilita-
tion: can exercise induce changes in artery size and function that de-
crease complications of catheterization? Sports Med. 2010;40:481-
492.

 18. Barakat HM, Shahin Y, Barnes R, et al. Supervised exercise pro-
gram improves aerobic fitness in patients awaiting abdominal aor-
tic aneurysm repair. Ann. Vasc. Surg. 2014;28:74Y9.

 19. Cheng XS, Myers J, Chertow GM, et al. Prehabilitation for kidney 
transplant candidates: is it time? Clin Transplant. 2017;31:e13020.

 20. Brown K, Topp R, Brosky JA, et al. Prehabilitation and quality of 
life three months after total knee arthroplasty: a pilot study. Per-
cept Mot Skills. 2012;115:765Y74.

 21. Cesario A, Ferri L, Galetta D, et al. Pre-operative pulmonary reha-
bilitation and surgery for lung cancer. Lung Cancer. 2007; 57:118-
119.

 22. Myers J, McElrath M, Jaffe A, et al. A randomized trial of exercise 
training in abdominal aortic aneurysm disease: the AAA STOP tri-
al. Med Sci Sports Exerc. 2014;46:2-9.

 23. Myers JN, White JJ, Narasimhan B, et al. Effects of exercise training 
in patients with abdominal aortic aneurysm: preliminary results from 
a randomized trial. J Cardiopulm Rehabil Prev. 2010;30:374-383.

 24. Shaarani SR, Moyna N, Moran R, et al. Prehabilitation: the void 
in the management of anterior cruciate ligament injuries: a clinical 
review. ISRN Rehab. 2012;2012:1-11.

 25. Silver JK, Baima J. Cancer prehabilitation: an opportunity to de-
crease treatment-related morbidity, increase cancer treatment op-
tions, and improve physical and psychological health outcomes. 
Am J Phys Med Rehabil. 2013;92:715-727.

 26. Singh F, Newton RU, Galva˜o DA, et al. A systematic review of 
pre-surgical exercise intervention studies with cancer patients. Surg 
Oncol. 2013;22:92-104.

 27. Swank AM, Kachelman JB, Bibeau W, et al. Prehabilitation before 
total knee arthroplasty increases strength and function in older 
adults with severe osteoarthritis. J Strength Cond Res. 2011;25:318-
325.

 28. Levett DZ, Grocott MP. Cardiopulmonary exercise testing, pre-
habilitation, and Enhanced Recovery After Surgery (ERAS). Can J 
Anaesth. 2015;62:131-142.

 29. Arthur HM, Daniels C, McKelvie R, Hirsh J, Rush B. Effect of a pre-
operative intervention on preoperative and postoperative outcomes in 
low-risk patients awaiting elective coronary artery bypass graft sur-
gery. A randomized, controlled trial. Ann Intern Med. 2000;133:253-
262.

 30. Beaupre LA, Lier D, Davies DM, Johnston BC. The effect of a pre-
operative exercise and education program on functional recovery, 
health related quality of life, and health service utilization following 
primary total knee arthroplasty. J Rheumatol. 2004;31:1166-1173.

 31. Carli F, Zavorsky GS. Optimizing functional exercise capacity in 
the elderly surgical population. Curr Opin Clin Nutr Metab Care. 
2005;8:23-32.

 32. Herdy AH, Marcchi PLB, Vila A, et al. Pre- and postoperative car-
diopulmonary rehabilitation in hospitalized patients undergoing 
coronary artery bypass surgery: a randomized controlled trial. Am 
J Phys Med Rehabil. 2008;87:714-719.

 33. Kim DJ, Mayo NE, Carli F, Montgomery DL, Zavorsky GS. Re-
sponsive measures to prehabilitation in patients undergoing bowel 
resection surgery. Tohoku J Exp Med. 2009;217:109-115.

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

 35. Nagarajan K, Bennett A, Agostini P, Naidu B. Is preoperative phys-
iotherapy/pulmonary rehabilitation beneficial in lung resection pa-
tients? Interact Cardiovasc Thorac Surg. 2011;13:300-302.

 36. Grant SW, Hickey GL, Wisely NA, et al. Cardiopulmonary exer-
cise testing and survival after elective abdominal aortic aneurysm 
repair. Br J Anaesth. 2015;114:430-436.

 37. Barberan-Garcia A, Ubré M, Roca J, et al. Personalised preha-
bilitation in high-risk patients undergoing elective major abdom-
inal surgery. A randomized blinded controlled trial. Ann Surg. 
2018;267:50-56.

 38. Lotzke H, Brisby H, Gutke A, et al. A person-centered prehabili-
tation program based on cognitive-behavioral physical therapy for 
patients scheduled for lumbar fusion surgery: a randomized con-
trolled trial. Phys Ther. 2019;99:1069-1088.

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

 40. Levett DZH, Grimmett C. Psychological factors, prehabilitation 
and surgical outcomes: evidence and future directions. Anaesthe-
sia. 2019;74(S1):36-42.

 41. Wong J, Lam DP, Abrishami A, Chan MT, Chung F. Short-term 
preoperative smoking cessation and postoperative complications: a 
systematic review and meta-analysis. Can J Anaesth. 2012;59:268-
279.

 42. Tonnenson H, Nielsen PR, Lauritzen JB, Moller AM. Smoking and 
alcohol intervention before surgery: evidence for best practice. Br J 
Anaesth. 2009;102:297-306.

 43. Tewksbury C, Williams NN, Dumon KR, Sarwer DB. Preoperative 
medical weight management in bariatric surgery: a review and re-
consideration. Obes Surg. 2017;27:208-214.

 44. Niebauer J. Is there a role for cardiac rehabilitation after coronary 
artery bypass grafting? Treatment after coronary artery bypass 
surgery remains incomplete without rehabilitation. Circulation. 
2016;133:2529-2537.

 45. Sixt S, Rastan A, Desch S, et al. Exercise training but not rosigl-
itazone improves endothelial function in prediabetic patients with 
coronary disease. Eur J Cardiovasc Prev Rehabil. 2008;15:473-478.

 46. Sixt S, Beer S, Blüher M, et al. Long- but not short-term multifacto-
rial intervention with focus on exercise training improves coronary 
endothelial dysfunction in diabetes mellitus type 2 and coronary 
artery disease. Eur Heart J. 2010;31:112-119.

 47. Desch S, Sonnabend M, Niebauer J, et al. Effects of physical ex-
ercise versus rosiglitazone on endothelial function in coronary 
artery disease patients with prediabetes. Diabetes Obes Metab. 
2010;12:825-828.

 48. Niebauer J, Hambrecht R, Velich T, et al. Attenuated progression 
of coronary artery disease after 6 years of multifactorial risk in-
tervention: role of physical exercise. Circulation. 1997;96:2534-
2541.

Copyright © 2021 Wolters Kluwer Health, Inc. Unauthorized reproduction of this article is prohibited.



146    Journal of Cardiopulmonary Rehabilitation and Prevention 2021;41:141-146 www.jcrpjournal.com

 49. Ornish D, Brown SE, Scherwitz LW, et al. Can lifestyle changes 
reverse coronary heart disease? The Lifestyle Heart Trial. Lancet. 
1990;336:129-133.

 50. Haskell WL, Alderman EL, Fair JM, et al. Effects of intensive mul-
tiple risk factor reduction on coronary atherosclerosis and clinical 
cardiac events in men and women with coronary artery disease: the 
Stanford Coronary Risk Intervention Project (SCRIP). Circulation. 
1994;89:975-990.

 51. Schuler G, Hambrecht R, Schlierf G, et al. Regular physical ex-
ercise and low-fat diet. Effects on progression of coronary artery 
disease. Circulation. 1992;86:1-11.

 52. Anderson L, Thompson DR, Oldridge N, et al. Exercise-based car-
diac rehabilitation for coronary heart disease. Cochrane Database 
Syst Rev. 2016;1:CD001800. doi:10.1002/14651858.CD001800.
pub3.

 53. Piepoli MF, Hoes AW, Agewall S, et al. ESC Scientific Document 
Group. 2016 European Guidelines on cardiovascular disease preven-
tion in clinical practice: The Sixth Joint Task Force of the European 
Society of Cardiology and Other Societies on Cardiovascular Disease 
Prevention in Clinical Practice. Eur Heart J. 2016;37:2315-2381.

 54. Niebauer J, Mayr K, Tschentscher M, Pokan R, Benzer W. Outpa-
tient cardiac rehabilitation: the Austrian model. Eur J Prev Cardi-
ol. 2013;20:468-479.

 55. Smith SC Jr, Benjamin EJ, Bonow RO, et al. AHA/ACCF second-
ary prevention and risk reduction therapy for patients with cor-
onary and other atherosclerotic vascular disease: 2011 update: a 
guideline from the American Heart Association and American Col-
lege of Cardiology Foundation. Circulation. 2011;124:2458-2473.

 56. Squires RW, Kaminsky LA, Porcari JP, Ruff JE, Savage PD, 
Williams MA. Progression of exercise training in early outpatient car-
diac rehabilitation. J Cardiopulm Rehabil Prev. 2018;40:139-146.

 57. Sandhu MS, Akowuah EF. Does prehabilitation improve outcomes 
in cardiac surgical patients? Interact Cardiovasc Thorac Surg. 
2019;29:608-611.

 58. Tschentscher M, Eichinger J, Egger A, Droese S, Schönfelder M, 
Niebauer J. High-intensity interval training is not superior to other 
forms of endurance training during cardiac rehabilitation. Eur J 
Prev Cardiol. 2016;23:14-20.

 59. Brunelli A, Kim AW, Berger KI, Addrizzo-Harris DJ. Physiolog-
ic evaluation of the patient with lung cancer being considered for 
resectional surgery diagnosis and management of lung cancer, 3rd 
ed: American College of Chest Physicians Evidence-Based Clinical 
Practice Guidelines. Chest. 2013;143(suppl):e166S-e190S.

 60. Fleisher LA, Fleischmann KE, Auerbach AD. 2014 ACC/AHA Guide-
line on perioperative cardiovascular evaluation and management of 

patients undergoing noncardiac surgery. A report of the American 
College of Cardiology/American Heart Association Task Force on 
Practice Guidelines. Circulation. 2014;130:e278-e333.

 61. Chaikof EL, Dalman RL, Eskandari MK, et al. The Society for 
Vascular Surgery practice guidelines on the care of patients with an 
abdominal aortic aneurysm. J Vasc Surg. 2018;67:P2-77.E2.

 62. Batchelora TJP, Rasburnb NJ, Abdelnour-Berchtold E, et al. 
Guidelines for enhanced recovery after lung surgery: Recommen-
dations of the Enhanced Recovery After Surgery (ERAS) and the 
European Society of Thoracic Surgeons (ESTS). Eur J Cardiotho-
racic Surg. 2019;55:91-115.

 63. Feldheiser A, Aziz O, Baldini G. Enhanced Recovery After Sur-
gery (ERAS) for gastrointestinal surgery, part 2: consensus state-
ment for anaesthesia practice. Acta Anaesthesiol Scand. 2016;60: 
289-334.

 64. Rotbøll P, Nielsen L, Jørgensen D, Dahl B, Pedersen T, Tønnesen 
H. Prehabilitation and early rehabilitation after spinal surgery: 
randomized clinical trial. Clin Rehab. 2010;24:137-148.

 65. Li TC, Yang MC, Tseng H, Lee H. Prehabilitation and reha-
bilitation for surgical lung cancer patients. J Cancer Res Prac. 
2017;4:89-94.

 66. Chughtai M, Shah NV, Sultan AA, et al. The role of prehabilitation 
with a telerehabilitation system prior to total knee arthroplasty. 
Ann Transl Med. 2019;7:68.

 67. Doiron-Cadrin P, Kairy D, Vendittoli PA, Lowry V, Poitras S, 
Desmeules F. Feasibility and preliminary effects of a tele-preha-
bilitation program and an in-person prehablitation program com-
pared to usual care for total hip or knee arthroplasty candidates: 
a pilot randomized controlled trial. Disabil Rehabil. 2020;42: 
989-998.

 68 Flint KM, Stevens-Lapsley J, Forman DE. Cardiac rehabilitation in 
frail older adults with cardiovascular disease. J Cardiopulm Reha-
bil Prev. 2020;40:72-78.

 69. Booth FW, Roberts CK, Thyfault JP, Ruegsegger GN, Toedebus-
ch RG. Role of inactivity in chronicdiseases: evolutionary insight 
and pathophysiological mechanisms. Physiol Rev. 2017:97;1351-
1402.

 70. Bond S, Arena R, Berra K, Popovic D, Smirmaul B, Ortega FB. 
Introducing the HL-PIVOT Network. J Cardiopulm Rehabil Prev. 
2020;40:356-358.

 71. Franklin BA, Brubaker PH, Harber MP, Lavie J, Myers J, Kamin-
sky LA. The Journal of Cardiopulmonary Rehabilitation and Pre-
vention at 40 years and its role in promoting lifestyle medicine for 
prevention of cardiovascular diseases. J Cardiopulm Rehabil Prev. 
2020;40:131-137.

Copyright © 2021 Wolters Kluwer Health, Inc. Unauthorized reproduction of this article is prohibited.


