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Objectives

Describe the principles and 
supporting evidence for 
surgical prehabilitation

01
Discuss strategies for moving 
prehabilitation into clinical 
practice

02



Health behaviours are…. Healthy!



Surgery Waiting Period+/- Various Health Behaviours Health Outcomes

…but, health can change – quickly.

Disease or Injury
Requiring Surgery

Day of 
Surgery

↑ or ↓ Health?

Does health status before surgery matter for surgical outcomes?



Does health status affect surgical risk and outcomes?

American College of Surgeons Risk Calculator (riskcalculator.facs.org/RiskCalculator/)

ASA III/IV Sepsis
Indication  
for surgery

Disseminated 
cancer

Extent of 
surgery

Emergent Age >65 Creatinine COPD Wound class

PTT >35 Dyspnea Albumin ≤35 BMI
Functional 

health status



What is functional health status?

It’s an assessment of a patient’s ‘functional capacity’ and ranges from cardiopulmonary exercise 
testing (CPET) to “the eyeball test”

CPET has extensive perioperative justification and recommendations are available

• Levett and Colleagues’ Consensus guidelines, Br J Anaest 2018 Mar;120(3):484-500

General thresholds for determining high-risk for surgery (see Levett et al Suppl):

• VO2peak < ~15ml O2/kg/min

• Anaerobic Threshold < ~11ml O2/kg/min

But at a cost:

• Infrastructure Resources

• Personnel Expertise

• Overall cost



FUNCTIONAL CAPACITY VIA SIX-MINUTE WALK TEST (6MWT)

R = 0.68

Sinclair et al, 2012, Validity of the 6 min walk test in prediction of the anaerobic 
threshold before major non-cardiac surgery, BJA: British Journal of Anaesthesia

0=<11 mlO2/kg/min; 1 = >11mlO2/kg/min



<400m = 2-4x increased risk for surgical complications

Gillis et al, Eur J of Surg Onc, In print



Functional capacity is often an overt measure 
of frailty

Low 
functional 
capacity

Frailty



Frailty Contributes to Adverse Surgical Outcomes

Bentov, 2019, Br J Anaesthesia



Frailty and 
Surgical 
Complications

• 71 Studies

• Frailty Significantly associated with

• 30-d and longer-term mortality

• Adverse discharge disposition

• Post-operative complications

• And length of stay



Mortality 
rates  
increase 
with frailty 
severity

Shah R, Attwood K, Arya S, et al. Association of Frailty With Failure to Rescue After 

Low-Risk and High-Risk Inpatient Surgery. JAMA Surg. 2018;153(5)



A quick assessment 
of frailty status

(the “eyeball test”)



+/- Various Health Behaviours Health Outcomes

From Prevention to Preparation

Disease or Injury
Requiring Surgery

Day of 
Surgery

↑ or ↓ Health?

Does health status before surgery impact surgical outcomes? YES!

Can we change health before surgery to improve surgical outcomes?



What do we 
prepare for?



“MAJOR SURGERY IS 
LIKE RUNNING A 

MARATHON—AND 
BOTH REQUIRE 

TRAINING”

Wynter-BlythV, Moorthy K. BMJ 2017; 358 :j3702



COMMON STRESS PATHWAYS

Biomarker / Outcome Exercise Surgery 

Sympathetic Activation Yes Yes

Cortisol Increase Increase

Systolic BP Increase Increase

Norepinephrine/Epinephrine Increase Increase

Oxygen Consumption Increase Increase



Basically, there was no 
preparation. I just … I had to 
come, I had to get it done.

(46-year-old man with cancer)

No [preparation], I just sat at 
home and stressed.

(44-year-old woman without 
cancer)

Gillis, Can J Surgery, 2022



Gillis, Can J Surgery, 2022



What happens to functional capacity?

(Beckerman, Grossman, & Marquez, Heart Lung, 1995;  

Miracle & Hovekamp, Am J Crit Care, 1994; Peddle et al. Cancer Nursing, 2009; 

Jenkins, Stanton, Jono, Psychosomatic Medicine, 1994; Pieper, Lepczyk, & Caldwell, Heart Lung, 1985)

Preoperative 

Stress & Anxiety

+

Progressive 

Symptoms or 

Disease

Functional Capacity



This can be especially profound for some patients…

Jack, Sandy, et al. "The effect of neoadjuvant chemotherapy on physical fitness and 

survival in patients undergoing oesophagogastric cancer surgery." European Journal of 

Surgical Oncology (EJSO) 40.10 (2014): 1313-1320.

Navidi, M., et al. "Cardiopulmonary fitness before and after neoadjuvant 

chemotherapy in patients with oesophagogastric cancer." Journal of British 

Surgery 105.7 (2018): 900-906.



…And what about COVID-19?

System Impact

• Canceled/postponed surgery

• Later diagnosis (or more advanced disease)

Patient Impact

• Social isolation

• Physical distancing and restricted access to 
health facilities

• Disrupted/inadequate supply of healthy food

• Financial hardship

• Anxiety related to COVID-19

• Increased alcohol/drug use



Surgical 
Prehab

Conceptual 
Framework

(Carli & Zavorsky 2005, Curr Opin Clin Nutr Metab Care)



a process that occurs between the time of  diagnosis 
and the beginning of acute treatment, 
includes assessing the whole patient (physical, metabolic and psychological) 

to establish a baseline functional level, identify impairments, 
and provide targeted interventions that improve a patient’s 
health to reduce the incidence and the severity of current and 
future impairments.

Prehabilitation //

Adapted from Silver J 2013.

Enhancing functional status before treatment 
means improved outcomes after treatment



Frailty Contributes to Adverse Surgical Outcomes

Bentov, 2019, Br J Anaesthesia



Finding Synergy: Multimodal Care

Prehab

Nutrition

Exercise

Medical 
Optimization

Stress 
Management

Smoking 
Cessation

Sleep 
Hygiene



March 14, 2022 - PubMed search (TI/ABS): (prehabilitation) OR (pre-habilitation) 
Yield = 1240 publications

>70 in 2022

Prehabilitation Research
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After 55 Systematic reviews, what’s the 
scientific verdict on Prehab?

Moderate Certainty Evidence

• Functional Capacity

Low/Very Low Certainty 
Evidence:

• Mortality (nutrition only)

• Non-home discharge (ortho)

• Length of stay

• Complications

McIsaac et al, 2022, BJA



Surgical Complication Rates: OR = 0.33-0.88

McIsaac et al, 2022, BJA



Cost & Cost Savings of Prehab
Cost of Prehab Net Savings 

per Patient

$1600 CAD

Multimodal care including: case manager/research assistant, administrative 

coordinator, dietitian, psychologist, kinesiologist, physician, protein/vitamin 

supplementation and consumables (i.e. parking, printing, website, equipment, etc.)

$3200 CAD

$100 USD

Self-management support for 

physical activity, pulmonary 

rehabilitation, nutritional 

optimization, stress reduction.

$21,946 USD

$570 CAD

4-week program: motivational interviewing, 
hospital-based high-intensity endurance-exercise, 

promotion of healthy physical activity volume

$1200 CAD; 
$1300-$3900, p=0.365

Data presented by Dr. Stefan van Rooijen

at the World Prehab Congress, 2019, 
London, UK. 

Howard, R., Yin, Y. S., McCandless, L., 

Wang, S., Englesbe, M., & Machado-Aranda, 

D. (2019). Taking control of your surgery: 

impact of a prehabilitation program on major 

abdominal surgery. Journal of the American 

College of Surgeons, 228(1), 72-80.

Barberan-Garcia, A., Ubre, M., Pascual-

Argente, N., Risco, R., Faner, J., Balust, J., ... 

& Martinez-Palli, G. (2019). Post-discharge 

impact and cost-consequence analysis of 

prehabilitation in high-risk patients undergoing 

major abdominal surgery: secondary results 

from a randomised controlled trial. British 

Journal of Anaesthesia.



The Cost estimates do NOT Factor in…

Preventable Costs Related To 

• Medical procedures
• Rehabilitation
• Time off of work
• Utilization of additional health 

services
• Chronic morbidity

Prioritization of at-risk patients
• Targeted referral strategies

Enhance Preoperative Experience

• Patient Outcomes
• Quality of life
• Functional capacity
• Psychosocial Wellbeing
• Satisfaction with care

• System Outcomes
• Decreased in-patient bed usage

• …and downstream effects, such as 
surgical wait times

• Comprehensive health evaluation 
prior to pre-adm (or integration with 
pre-adm)

Pre 
AND

postoperative 
period



(Gillis et al, Canadian Journal of Surgery, 2021)



Evidence is Catching Up to 
the Recommendations

General limitations identified in the reviews include:

• Intervention heterogeneity

• Outcome heterogeneity

• Overall, very low to moderate evidence certainty

More RCTs are needed to increase confidence and 
specificity of the benefit of prehab prior to surgery

Evidence sufficient to recommend prehab as a best 
practice care strategy



So, how do we 
get to 

implementation?



Prehab Business Case and Implementation Guidance





Study 
Objectives and 

Research 
Questions

Primary Objective: Program Feasibility

RQ1a: How many patients will be referred and for what reasons? 

RQ1b: What percentage of surgeon-referred patients participate in the program? 

RQ1c: What are the characteristics of participants and non-participants who are referred to 
the program?

RQ1d: What factors contribute to participants choosing either FBP or HBP?

RQ1e: What is the ‘prehabilitation window’ for participants (i.e. time from treatment 
decision to surgery)?

RQ1f: What is the adherence rate to the multimodal components defined by the 
prehabilitation protocols?

RQ1g: Is prehabilitation safe within a clinical model of care?

RQ1h: What are the common and unique barriers and facilitators to FBP and HBP? 

RQ1i: What are the various costs and savings associated with delivering FBP and HBP?

Exploratory Objectives: Program Effectiveness

RQ2a: What changes in do HBP and FBP participants experience by the week prior to surgery 
and up to 90 days after surgery?

RQ2b: Compared to usual care (non-participants), what effect do FBP and HBP have on peri-
and postoperative outcomes (up to 90 days after surgery)? 

RQ2c: Do surgeon’s bedside assessment of frailty (as indicated by referral and reason for 
referral) correlate with established frailty indices?



Multimodal Service

Medical Optimization
•Medication review
•Anemia management
•Pain Management via Transitional Pain Service (TGH, TWH, MSH)

Exercise
•Aerobic
•Resistance
•Loco-regional modalities (e.g., IMT, pelvic floor exercises)

Nutrition
•Dietetic Consult(s)
•Healthy eating education and strategy
•Nutritional supplementation (protein, high calorie)

Psychology
•Stress & Distress Management
•Behaviour Change
•Sleep Hygiene

Smoking Cessation (+Referral)
•UHN Smoking Cessation Program (referral)
•Smoker’s Helpline (CCS)



Multidisc

Cancer 

Conference

Preadm

(Preop)

Clinic

Neoadjuvant 

Treatment

Surgeon 

Appointment 

/ Treatment 

Decision

Prehab During or After Neoadjuvant Treatment

MD Clinic 

Appointment
(Diagnosis 

with potential 

indication for 

Surgery)

Minimize Time from Dx to Prehab

Referral to Rehab 

(as indicated)

ERAS

Prehab 

Follow-up to 30d

Surgery

and

In-Patient Stay

Post-Discharge
Rehab

R

R

R

Baseline 

Assessment

Pre-Op 

Assessment

Multimodal Prehabilitation

Maximize Prehab Duration

Map the Patient Journey and Find the Opportunities for 
Integration

= referral

R  

R

R



Target Population and Program Entry

Any patient at elevated risk for 
adverse pre, peri, and/or post-

operative outcomes

(e.g., frail, deconditioned, 
distressed, vulnerable)



Program Data Capture

Referral Baseline Pre-op
Periop
(EPR)

45-day
post-op

Patient characteristics ✔️

Referral / enrollment / retention ✔️ ✔️ ✔️ ✔️

Safety and adverse events ✔️ ✔️ ✔️ ✔️

Adherence to prehabilitation ✔️ ✔️ ✔️ ✔️

Program cost ✔️ ✔️ ✔️ ✔️

Complications (Clavien-Dindo / NSQIP) ✔️ ✔️

Hospital length of stay ✔️

Readmission and ER visits ✔️ ✔️

Participant qualitative interviews ✔️

Patient-reported outcomes
(SF-12, PHQ9, EQ5D-5L, cost diary, DASI, PROMIS tools)

✔️ ✔️ ✔️

Physical fitness
(6MWT, grip strength, body composition)

✔️ ✔️ ✔️



Prehab Implementation Study 
(2019-2021, ~20 months)



Changes in Functional Capacity with Prehab:
6MWT & Grip Strength

= MCID

25m
~6kg



Changes in QOL and Anxiety
EQ5D-5L & PHQ-9

= MCID

0.1

3



Changes in QOL (SF-12):
Mental and Physical Health

3.5
3.5

= MCID



Length of Stay and Wound Infections

Mean LOS (days)

Prehab (n=47) Data-only (n=17) 95% CI p-value 

8.52 12.84 (-12.93, 4.28) .309

Wound infections

Prehab (n=47) Data-only (n=17) p-value

Yes 6 (12.8%) 6 (35.3%)
.094

No 41 (87.2%) 11 (64.7%)

*No statistically significant difference between groups across demographic and disease/treatment variables



Is the Integration of Prehab Financially Viable?
Chen et al, 2022, Current Anesthesiology Reports

Uses OR=0.63 from Moran et al, 2016



What is prehab?

Can we do it?
How do we do it?

We did it!! 
What’s next?!

Clinical 
Integration!

Research to Integration Pathway…



Prehab Program at UHN

• Service for all surgical patients
• All referred patients receive:

‒ A comprehensive health evaluation

‒ An individualized exercise, nutrition, and stress 
management plan

‒ A medical assessment and treatment (if needed)

‒ Referral to the Smoking Cessation Program 
(if needed)

‒ Routine follow-ups to support their readiness for surgery

For more information:
• Email 

Prehabilitation@uhn.ca

• Visit www.uhn.ca/prehab

mailto:Prehabilitation@uhn.ca
http://www.uhn.ca/prehab


Early Insights

• Everyone is enthusiastic, but workflow challenges are real

• Triage system for preop optimization of ALL patients

• A la carte prehab 

• More modalities (e.g., sleep health, wound care education)

• Strengthen pathways from prehab to rehab

• Embed QI and research to inform clinical programming

• Engage Foundation, Corporate, and non-traditional $ sources



Many patients could be more ready for 

surgery..

This may improve many important comes, 

especially for the most vulnerable..

Encourage (and support) your patients to be 

as healthy as they can be for surgery!



THANK 

YOU

Daniel Santa Mina

daniel.santamina@utoronto.ca

@DR_SantaMina


