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…from the moment 
of contemplation of 

surgery until full 
recovery.

Patient Centered, 
Multidisciplinary, 
Integrated Care
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The role of 
CPET in 
Perioperative 
Medicine

WHY is functional capacity of importance 
in perioperative care?

WHY CPET in perioperative Care?

WHAT evidence is there to support the 
role of CPET? 

WHAT are the unanswered questions?
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Patient Centred 
Care

The patient is a partner in their own care….

1. ‘Right decision’

u Individualised risk assessment

u Shared decision making

u Informed consent

2. ‘Well prepared’

u Co-morbidities optimised

u Best physiological state

u Best metabolic state

u Best Psychological state

3. ‘Well cared for’

4. Optimal recovery

u Back to baseline or improved
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Surgery, Functional Capacity and Quality of Life

Independent
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Adapted Clegg Lancet 2013
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Functional 
Capacity

Health 
Behaviours:

Exercise                  
Diet

Comorbidities:
COPD                 

Heart Failure 
Diabetes

Psychological 
Factors:
Cognition            

Mood                      
Self efficacy

Determined by ability 
to perform aerobic 

work and integrated  
cardio-respiratory-
skeletal function 

An individual’s 
capacity to perform 

the activities of daily 

living
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CPET

Risk 
Stratification

Shared 
Decision 
Making

Optimise 
Comorbidities

Prehabilitation

Perioperative 
Triage

Inform 
Intraoperative 
management
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Perioperative Exercise Testing UK

0

10
20

30
40

50
60

70
80

90
100

2009 2011 2017

CPET services in England (166 Acute trusts)
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Perioperative CPET Tests Annually in UK

Estimated in excess of 35,000 CPET tests annually in 
the UK
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CPET

Risk 
Stratification

Shared 
Decision 
Making

Optimise 
Comorbidities

Prehabilitation

Perioperative 
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management
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Post Operative Mortality and AT

Cardiovascular mortality and anaerobic threshold
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Harvie and Levett: CPET for pre-operative evaluation
European Respiratory Society Monograph, Clinical Exercise Testing 

2018

COHORT STUDIES …

13

WHY? Pre-operative physical fitness predicts 
risk of complications in cancer surgery

number of studies (ranging from 7–37), investigated post-

operative complications as the main outcome measure, and

included either a specific cancer population undergoing
surgery (e.g., lung, esophageal), or mixed populations

undergoing surgery for cancer and/or noncancer related

conditions.5,7–11 Meta-analysis was attempted in only half

of the previous published systematic reviews. Therefore,

the mixed results encountered between the current review

and previous reviews may be because the inclusion and
exclusion criterion were different. The heterogeneity of the

included cohorts, including the lack of consistency in

reporting or standardisation of outcomes were highlighted
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FIG. 2 Forest plot of the association between preoperative peak oxygen uptake (peak VO2) in ml/kg/min and postoperative complication. Mean
difference[ 0 indicate higher preoperative peak VO2 in patients with no postoperative complications. CI=Confidence level
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with Postoperative Outcomes in Patients Undergoing Cancer
Surgery: A Systematic Review and Meta-Analyses

Daniel Steffens, PhD1,2 , Hilmy Ismail, MD3,4, Linda Denehy, PhD3,4, Paula R. Beckenkamp, PhD5,
Michael Solomon, DMed1,2, Cherry Koh, PhD1,2, Jenna Bartyn, MPH1, and Neil Pillinger, MB, BCh1,2

1Surgical Outcomes Research Centre (SOuRCe), Royal Prince Alfred Hospital (RPAH), Sydney, NSW, Australia; 2Faculty
of Medicine and Health, Central Clinical School, The University of Sydney, Sydney, Australia; 3School of Health

Sciences, The University of Melbourne, Melbourne, Australia; 4Peter MacCallum Cancer Centre, Melbourne, Australia;
5Faculty of Health Sciences, Discipline of Physiotherapy, Musculoskeletal Health, The University of Sydney, Sydney,
Australia

ABSTRACT
Backgrounds. There is mixed evidence on the value of
preoperative cardiorespiratory exercise test (CPET) to

predict postoperative outcomes in patients undergoing a

cancer surgical procedure. The purpose of this review was
to investigate the association between preoperative CPET

variables and postoperative complications, length of hos-

pital stay, and quality of life in patients undergoing cancer
surgery.

Methods. A search was conducted on MEDLINE,

Embase, AMED, and Web of science from inception to
April 2020. Cohort studies investigating the association

between preoperative CPET variables, including peak

oxygen uptake (peak VO2), anaerobic threshold (AT), or
ventilatory equivalent for carbon dioxide (VE/VCO2), and

postoperative outcomes (complications, length of stay, and

quality of life) were included. Risk of bias was assessed
using the QUIPS tool. A random-effect model meta-anal-

ysis was performed whenever possible.

Results. Fifty-two unique studies, including 10,030

patients were included. Overall, most studies were rated as
having low risk of bias. Higher preoperative peak VO2 was

associated with absence of postoperative complications

(mean difference [MD]: 2.28; 95% confidence interval
[CI]: 1.26–3.29) and no pulmonary complication (MD:

1.47; 95% CI: 0.49–2.45). Preoperative AT and VE/VCO2

also demonstrated some positive trends. None of the
included studies reported a negative trend.

Conclusions. This systematic review and meta-analysis

demonstrated a significant association between superior
preoperative CPET values, especially peak VO2, and better

postoperative outcomes. The assessment of preoperative

functional capacity in patients undergoing cancer surgery
has the potential to facilitate treatment decision making.

The incidence of cancers in the global population is
increasing.1 For selected patients, surgery with or without

radiochemotherapy is the main treatment option. The goal

of surgery is to obtain a clear resection margin and ulti-
mately cure or prolong survival with an acceptable quality

of life.2,3 However, despite the significant improvements in

long-term survival over the recent years, the rate of post-
operative morbidity remains high—increasing the length of

hospital stay, reducing quality of life and contributing to a
high treatment burden.

During the past 20 years, cardiopulmonary exercise test

(CPET) was introduced during the preoperative period as
an objective measure of functional capacity to evaluate the

risk of adverse perioperative events and inform the
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CPET variables associated with 
clinical outcomes

• VO2peak
• Anaerobic Threshold
• VE/VOC2

• Peak Power

14

15

Ventilatory Efficiency and Long Term Survival

u Colorectal cancer 
surgery (n=1375)

u VE/VCO2 Predicts 
mortality up to 5 years

Wilson BJA 2019

16

Snowden  Annals of Surgery  2010

17

…including “surgical” complications

Multivariable analysis: AT ≤ 10.1 mlKg-1min-1 was the only
risk factor associated with pancreatic leak (p=0.007) Ausania  BJS  2012

18
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Brunelli A  Chest. 2009

• VO2peak<12
• 13-fold increased 

mortality

Thoracic Surgery: Lung Resection

19
Brunelli A, Ann Thorac Surg 2012

VE/VCO2 slope and Pulmonary Complications

20

Prospective Validation of a Pre-operative 
mortality predictor incorporating CPET 

variables

Carlisle, J. BJA 2015

21

30 day mortality 4.3% open repair

QUESTION ANSWER
Is this AAA surgery? Yes
Year 2019
Sex Male
Age; y 75
Weight; kg 77
Height; cm 176.2
MI? No
Angina? No
Stroke Yes

No
Heart failure? Yes
Peripheral arterial 
disease? No
[Hb] before surgery 128
[Albumin] before surgery 39
[Creatinine]; µmol/l 73

VO2peak 1500
VE/VCO2 32
Fudge multiplier 1
Ultrasound AAA 
diameter; mm

68

22

QUESTION ANSWER
Is this AAA surgery? Yes
Year 2019
Sex Male
Age; y 75
Weight; kg 77
Height; cm 176.2
MI? No
Angina? No
Stroke Yes

No
Heart failure? Yes

Peripheral arterial 
disease? No
[Hb] before surgery 128

[Albumin] before 
surgery 39
[Creatinine]; µmol/l 73

VO2peak 800
VE/VCO2 45
Fudge multiplier 1
Ultrasound AAA 
diameter; mm

68

23

International multi-centre

u Canada = 5 

u UK = 7

u Australia = 10

u New Zealand = 3

24
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Surgery + CPET

1401

Death or Myocardial 
INFARCTION within 30 

days

28 (2.0%)

Death

5 (0.4%)

Myocardial INFARCTION

24 (1.7%)

Death or Myocardial 
INJURY within 30 days

176 (12.6%)

Death

5 (0.4%)

Myocardial INJURY

176 (12.6%)

Moderate to severe 
complications
194 (13.8%)

Death at 1 year = 34 (2.7%)

METS Study

• Mean peak VO2peak 19.6 
• Mean AT 12.6

25 26

30-day death 
or Myocardial 
INFARCTION

30-day death or 
Myocardial 

INJURY (MINS)

In-hospital moderate 
or severe 

complications & 
death

Death at 1 year

Clinical NS NS NS NS

DASI NS p=0.004 NS NS

NT-pro-BNP NS p=0.02 NS p=0.02

VO2 peak NS NS p=0.008 NS

27 28

Multi-centre National Audit UK PQIP

u Prospective Cohort

u National bench marking QI project

u N= 2742

u VO2peak, VE/VCO2, PPO

u Associated with morbidity and mortality Milliken 2022 BJS

This may support a number of novel uses in preoperative as-
sessment pathways. For example, to more efficiently allocate
limited CPET resources, patients who fail to achieve 1.5 W/kg on
PPO screening could undergo CPET for further characterization of
exercise intolerance, whereas patients achieving above 1.5 W/kg
could be assumed to have CPET without adverse features. As is
the case for CPET, the interpretation of PPO results in patients
with very high or very low bodyweight should involve the applica-
tion of experienced clinical judgement.

These results suggest that, by screening out patients without
exercise limitation and targeting those at high risk, a PPO test
could allow a centre to reduce the number of cardiopulmonary
exercise test offered by between 33 and 38 per cent while still fa-
cilitating accurate risk stratification. Alternatively, it could allow
a given level of CPET resource to be directed to those most likely
to benefit, a more equitable arrangement than in many centres,
where CPET is allocated by surgical specialty or subjective assess-
ment. It is important to acknowledge that administration of PPO
testing itself requires facilities and personnel, and the overall
benefit to local preoperative assessment services will depend on
local factors including the availability of CPET-trained personnel.
In some centres, use of PPO screening, while reducing CPET
throughput, may increase overall resource use.

The present findings suggest that PPO discriminates between
patients undergoing major surgery who do and do not go on to
experience adverse postoperative outcomes at least as accurately
as AT, VO2peak, and VE/VCO2, which have been the main foci of
perioperative CPET research to date. This suggests a rationale for
the use of PPO as a primary test of exercise capacity as part of

comprehensive preoperative risk stratification. The finding that
postoperative complications are less easily predicted than post-
operative mortality is consistent with previous evaluations of risk
prediction tools, and may reflect both challenges with inter-rater
reliability of recording complications, even when standardized
measures are used, and unaccounted variations in process (in-
cluding surgical and anaesthetic techniques, and ward-level
standards of care), which may lead to patient- and hospital-level
variation in the likelihood of a complication occurring29.

Other objective tests of exercise tolerance, including the 6-min
walk test and incremental shuttle walk test, are widely used for
perioperative risk assessment, but there is very limited evidence
that they are predictive of postoperative complications or death,
and their use cannot be recommended in the absence of accept-
able validation30.

Whether used as a screening test or a stand-alone test of exer-
cise capacity, PPO testing should undergo further prospective val-
idation and a robust health economic analysis before routine
clinical use. Like any assessment of exercise tolerance, PPO test-
ing is only one component of comprehensive preoperative risk as-
sessment which applies expert clinical judgement to a variety of
patient, surgical, and institutional factors.

Acknowledgements
To minimize the potential for individual patients to be identified
from this data set, requests to access the data from qualified
researchers trained in human subject confidentiality protocols
may be sent to the Royal Marsden NHS Foundation Trust at don.

Table 4 Univariable logistic regression models for cardiopulmonary exercise testing variables as predictors of major postoperative
complications

Coefficient Standard error Wald Z-score Wald Z-score P

Peak power output
Intercept !1.5437 0.1688 !9.145 < 0.001
Peak power output !0.3203 0.1192 !2.687 0.007

Peak oxygen consump-
tion
Intercept !1.4333 0.2297 !6.239 < 0.001
Peak oxygen consump-
tion

!0.0303 0.0125 !2.420 0.016

Anaerobic threshold
Intercept !1.7989 0.2434 !7.389 < 0.001
Anaerobic threshold !0.0151 0.0199 !0.758 0.448

Ventilatory equivalents
Intercept !2.5998 0.3129 !8.310 < 0.001
VE/VCO2 0.0193 0.0095 2.036 0.042

VE/VCO2, ventilatory equivalents for carbon dioxide.

Table 5 Multivariable model for prediction of major postoperative complications

Coefficient Standard error Wald Z-score Wald Z-score P

Intercept !1.9802 0.3024 !6.549 < 0.001
Peak power output !0.4461 0.1292 !3.453 < 0.001
Sex (M) 0.2881 0.1343 2.145 0.032
Open surgery (no) !0.4922 0.1265 !3.892 < 0.001
Surgical specialty

Urology Reference
Upper gastrointestinal 1.4749 0.2671 5.523 < 0.001
Lower gastrointestinal 0.4215 0.2606 1.617 0.106
Hepatopancreatobiliary 0.4642 0.3203 1.449 0.147
Other abdominal 0.8309 0.4040 2.057 0.040

002 | BJS, 2022, Vol. 109, No. 2

D
ow

nloaded from
 https://academ

ic.oup.com
/bjs/article/109/2/220/6471401 by guest on 10 O

ctober 2024
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Comorbidities

Prehabilitation
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Intraoperative 
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What is Shared Decision Making

Honest conversation about 
reasonable competing  treatment 
options

Take into account what matters most 
to the patient

Supported by evidence-based 
information on benefits and risks

Resulting in a more realistic 
understanding of potential benefits 
of surgery

Improving patient satisfaction 
and experience

31

Clinical Decision Outcomes from SDM clinic 
(n=749)

49%

5%
8%

14%

11%

7%
6%

Had Op
Different Op
No op  disease progess ion
No op  patient choice
Watch and w ait
Delayed  for prehab
Aw aiting surgery

Proceed to Surgery

More minor surgical procedure

No operation because of disease progression

No operation patient choice

Decision to watch and wait

Delayed for prehabilitation

Waiting for surgery

Unpublished Data UHS
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CPET
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management
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CPET directed pre-operative optimisation
30% of patients had a CPET directed pre op intervention

198

52
36
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CPET

Risk 
Stratification

Shared Decision 
Making

Optimise 
Comorbidities

Prehabilitation

Perioperative 
Triage

Inform 
Intraoperative 
management
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WHAT is Prehabilitation?
M

ul
ti

m
od

al
 

pr
eh

ab
ili

ta
ti

on Exercise

Nutrition

Psychological 
support

• Prehabilitation is a tailored intervention 

before surgery that aims to improve 

surgical outcome and recovery by 

improving physical and psychological 

resilience

• Prehab involves screening and 

assessment that directs the needs based 
prescription of:

• Exercise

• Nutrition

• Psychological support

• Supported by behaviour change 

techniques RCoA, NIHR, Macmillan Guidance 2024 

37

WHY? Efficacy: Umbrella Systematic review 2022

substantial heterogeneity was identified across and within
reviews focused on different prehabilitation interventions. For
example, exercise-focused reviews included interventions
that comprised a variety of exercise types (e.g. strength, aer-
obic, and respiratory muscle training), locations, and super-
visory approaches. Nutrition-focused reviews included
interventions that ranged from provision of general advice to
personalised supplementation. Most reviews combined mul-
tiple intervention subtypes, precluding our ability to clearly

identify the most efficacious intervention designs or to
determine if multicomponent interventions are in fact
required. However, regardless of design, high rates of adher-
ence are likely key to successful prehabilitation.98,99 In
included reviews, adherence rates were generally moderate
(~70%), but these were widely variable. Finally, the minimum
and maximum durations of prehabilitation programmes were
also variable, although, where reported, most reviews re-
ported programmes of at least a duration of 5 weeks, which

Complications

Relative effect
0 1 2 3 4 5

Kamarajah and colleagues [abdominal], 2020 (any)
Kamarajah and colleagues [cardiac], 2020 (any)

Cavalheri and Granger, 2017 (cardiopulmonary)
Rosero and colleagues 2019 (cardiopulmonary)

Valkenet, 2011 (any)

Yau and colleagues 2021 (stroke)
Katsura and colleagues 2015 (cardiopulmonary)

Antoniou and colleagues 2017 (any)
Zhong and colleagues 2015 (infectious)

Hughes and colleagues 2019* (any)

Yau and colleagues 2021 (atrial fibrillation)

a

Non-home discharge

Cabilan, 2015* (acute rehabilitation)

Relative effect
0 1 2 3 4 5

b

Mortality

Relative effect
0 1 2 3 4 5 6

Yau and colleagues 2021

Katsura and colleagues 2015

Zhong and colleagues 2015
c

Wang and colleagues 2014 (urinary incontinence)

Relative effect
0 1 2 3 4 5 6

Functional recovery
Sharma and colleagues 2019* (WOMAC)

Lau and Chamberlain, 2020 (6MWT)

–5 5 10 15 20 25 30 35 40 45 50 550
Mean difference

d

Fig 3. Forest plots of pooled effect measures from included systematic reviews and meta-analyses of randomised trial data informing
certainty of evidence ratings. Estimates left of the dotted vertical line (which indicates the null value) indicate an estimate favouring
prehabilitation.

Overview of prehabilitation - 251

may exceed acceptable wait times for urgent diagnoses, such
as cancer.100e102

Whilst future research is required to address the uncer-
tainty around each component of successful prehabilitation,
such research must address the methodological limitations
identified in this umbrella review. First, based on risk-of-bias
assessments presented in included reviews, most trials un-
derlying the systematic reviews informing our umbrella re-
view were at high risk of bias. Whilst some sources of bias are
challenging to address in prehabilitation (e.g. blinding of par-
ticipants), examples exist of trials that have used strategies,
such as active rehabilitation, or provision of activity guidance
to attempt to blind control participants.98,103,104 Nutritional
supplements may be easier to blind.105 Other strategies, such
as cluster randomisation, should be considered with caution
and their use clearly justified.106 Blinding of outcome asses-
sors is feasible and should result in more robust results,
regardless of study design. At the systematic review level,
most of the 55 included reviews had multiple critical issues.

Most commonly, reviews did not pre-specify a protocol, did
not adequately address study-level risk of bias when inter-
preting their results, and failed to assess for publication bias.
For both future trials and reviews, development of consensus
around how prehabilitation is defined and developing core
outcome sets would aid in supporting a more robust evidence
base. Such efforts will require active engagement of patient
and knowledge user partners.

Strengths and weaknesses

Our protocol was developed and our review was performed,
according to principles of integrated knowledge trans-
lation.107,108 This meant that patients and knowledge users
were engaged as research partners from inception to guide
planning, conduct, interpretation, and reporting of this re-
view. Our protocol was pre-specified, and our peer-reviewed
search strategy was applied to eight bibliographic databases.
All stages of the review were performed in duplicate, using

Length of stay

–6 6–5 5–4 4–3 3–2 2–1 10

Heger and colleagues 2020
Sharma and colleagues 2019

Valkenet, 2011
Rosero and colleagues 2019
Cavalheri and Granger, 2017

Yau and colleagues 2021
Katsura and colleagues 2015

Kamarajah and colleagues (cardiac), 2020
Kamarajah and colleagues (abdominal), 2020

Zhong and colleagues 2015
Hughes and colleagues 2019

Mean difference

f

Costs

Zhong and colleagues 2015

–3
00

0
30

00
–2

50
0

25
00

–2
00

0
20

00
–1

50
0

15
00

–1
00

0
10

00
–5

00 50
00

Mean difference

g

Pain

Mean difference
–6–7–8 7 86–5 5–4 4–3 3–2 2–1 10

Sharma and colleagues 2019 (SF-36)

Sharma and colleagues 2019* (WOMAC)

Standardised mean difference

Dennis and colleagues 2020 (VAS)

–1 10

e

Fig 3. Continued

252 - McIsaac et al.

best practice methods for umbrella reviews. We also used
standard approaches to assess risk of bias at the review level,
and in applying the GRADE approach to assess the certainty of
available evidence. Our interpretation of findings of this re-
viewwas directly infomred by formal teammeetings to review
findings and identify key areas of importance relevant to our
diverse group of stakeholders.

The limitations of our review should be considered. As pre-
habilitation is a relatively new and growing field of study, our
focus on systematic reviews (vs individual clinical studies)
means that our findings are based on evidence that may not
capture newly published primary studies. Even the newest
included systematic reviews typically captured studies only up
to 6e12 months before publication, creating a time lag. Whilst

we did find consistent signals of benefit, benefit was not
apparent for all surgical subtypes. Umbrella reviews can
include systematic reviews with overlapping included trials,
which can lead to double counting of evidence.37 Fortunately,
this was not a common issue in our review and did not impact
our syntheses. Prehabilitation interventions are heterogeneous
and are often multimodal (i.e. combine exercise, nutrition, or
other modalities). For example, reviews that focused on exer-
cise prehabilitation often included primary studies of pre-
habilitation programmes that combined exercise with other
modalities. This means that our secondary syntheses based on
the intervention type specified by included reviews may not
allow precise isolation of the specific impacts of nutrition or
exercise. Additionally, there was heterogeneity in how some

Surgery type Intervention type

Mixed Orthopaedic Cancer Non-cancer
abdominal Cardiovascular Other Exercise Nutrition

Health

Complications

Non-home
discharge 1/2

Functional
recovery 0/1 0/1

Disability 0/1 0/2 0/3

Quality of life 0/4 0/2 0/11 0/2 1/2 14/21 4/7

Delirium or
cognifive
dysfunction

Cancer
recurrence 0/1 0/1

Mortality 0/5 0/2 0/1 0/2
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Experience
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Fig 4. Evidence map. GRADE, Grading of Recommendations Assessment, Development and Evaluation.
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WHY? Efficacy: Umbrella Systematic review 2022

substantial heterogeneity was identified across and within
reviews focused on different prehabilitation interventions. For
example, exercise-focused reviews included interventions
that comprised a variety of exercise types (e.g. strength, aer-
obic, and respiratory muscle training), locations, and super-
visory approaches. Nutrition-focused reviews included
interventions that ranged from provision of general advice to
personalised supplementation. Most reviews combined mul-
tiple intervention subtypes, precluding our ability to clearly

identify the most efficacious intervention designs or to
determine if multicomponent interventions are in fact
required. However, regardless of design, high rates of adher-
ence are likely key to successful prehabilitation.98,99 In
included reviews, adherence rates were generally moderate
(~70%), but these were widely variable. Finally, the minimum
and maximum durations of prehabilitation programmes were
also variable, although, where reported, most reviews re-
ported programmes of at least a duration of 5 weeks, which
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Fig 3. Forest plots of pooled effect measures from included systematic reviews and meta-analyses of randomised trial data informing
certainty of evidence ratings. Estimates left of the dotted vertical line (which indicates the null value) indicate an estimate favouring
prehabilitation.
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may exceed acceptable wait times for urgent diagnoses, such
as cancer.100e102

Whilst future research is required to address the uncer-
tainty around each component of successful prehabilitation,
such research must address the methodological limitations
identified in this umbrella review. First, based on risk-of-bias
assessments presented in included reviews, most trials un-
derlying the systematic reviews informing our umbrella re-
view were at high risk of bias. Whilst some sources of bias are
challenging to address in prehabilitation (e.g. blinding of par-
ticipants), examples exist of trials that have used strategies,
such as active rehabilitation, or provision of activity guidance
to attempt to blind control participants.98,103,104 Nutritional
supplements may be easier to blind.105 Other strategies, such
as cluster randomisation, should be considered with caution
and their use clearly justified.106 Blinding of outcome asses-
sors is feasible and should result in more robust results,
regardless of study design. At the systematic review level,
most of the 55 included reviews had multiple critical issues.

Most commonly, reviews did not pre-specify a protocol, did
not adequately address study-level risk of bias when inter-
preting their results, and failed to assess for publication bias.
For both future trials and reviews, development of consensus
around how prehabilitation is defined and developing core
outcome sets would aid in supporting a more robust evidence
base. Such efforts will require active engagement of patient
and knowledge user partners.

Strengths and weaknesses

Our protocol was developed and our review was performed,
according to principles of integrated knowledge trans-
lation.107,108 This meant that patients and knowledge users
were engaged as research partners from inception to guide
planning, conduct, interpretation, and reporting of this re-
view. Our protocol was pre-specified, and our peer-reviewed
search strategy was applied to eight bibliographic databases.
All stages of the review were performed in duplicate, using
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best practice methods for umbrella reviews. We also used
standard approaches to assess risk of bias at the review level,
and in applying the GRADE approach to assess the certainty of
available evidence. Our interpretation of findings of this re-
viewwas directly infomred by formal teammeetings to review
findings and identify key areas of importance relevant to our
diverse group of stakeholders.

The limitations of our review should be considered. As pre-
habilitation is a relatively new and growing field of study, our
focus on systematic reviews (vs individual clinical studies)
means that our findings are based on evidence that may not
capture newly published primary studies. Even the newest
included systematic reviews typically captured studies only up
to 6e12 months before publication, creating a time lag. Whilst

we did find consistent signals of benefit, benefit was not
apparent for all surgical subtypes. Umbrella reviews can
include systematic reviews with overlapping included trials,
which can lead to double counting of evidence.37 Fortunately,
this was not a common issue in our review and did not impact
our syntheses. Prehabilitation interventions are heterogeneous
and are often multimodal (i.e. combine exercise, nutrition, or
other modalities). For example, reviews that focused on exer-
cise prehabilitation often included primary studies of pre-
habilitation programmes that combined exercise with other
modalities. This means that our secondary syntheses based on
the intervention type specified by included reviews may not
allow precise isolation of the specific impacts of nutrition or
exercise. Additionally, there was heterogeneity in how some

Surgery type Intervention type

Mixed Orthopaedic Cancer Non-cancer
abdominal Cardiovascular Other Exercise Nutrition

Health

Complications

Non-home
discharge 1/2

Functional
recovery 0/1 0/1

Disability 0/1 0/2 0/3

Quality of life 0/4 0/2 0/11 0/2 1/2 14/21 4/7

Delirium or
cognifive
dysfunction

Cancer
recurrence 0/1 0/1

Mortality 0/5 0/2 0/1 0/2

Intervention
adverse events 0/1 0/1 0/1 0/3

Experience

Pain 0/1 1/2

Satisfaction 0/1 1/1

Experience 1/1 1/1

Likelihood to
recommend

Costs

Length of stay

Readmissions 0/2 0/4 0/3

Costs of care 1/1 2/2 1/2 2/3

Legend Narrative syntheses and reviews of mixed designsMeta-analyses of randomised trial data
Direction of effect GRADE certainty Direction of effect n/N

Protective Very low Protective Numerator No. of studies
with effect

No effect Low No effect Denominator Total studies

No data Moderate No data

Fig 4. Evidence map. GRADE, Grading of Recommendations Assessment, Development and Evaluation.

Overview of prehabilitation - 253

McIsaac 2022, BJA

• Low certainty evidence suggests that prehabilitation may 
improve postoperative outcomes. 

• Randomised trials at low risk of bias are required to 
inform practice

• Optimal patient selection, intervention design, and 
intervention duration must also be determined. 

39

u High risk patient group 

u Age > 70 and/or ASA 3/4

u Exercise

u HIT – supervised, 3/week, mean 6 weeks (2), mean sessions 12

u Physical activity promotion – steps, sit to stand 

u Motivational interviewing

u Outcomes 

u Clinical - post operative complications

u Physiological – endurance time and 6 minute walk test
Annals of Surgery 2017

40

Clinical and Exercise Outcomes

50% Reduction in post operative complications
• Reduced post operative readmission

• Sustained behaviour change at 3-6 months
• No increase in cost

(Barberan-Garcia BJA 2019)

41

Personalised Digital Prehabilitation in Elective 
Cardiac Surgery

Scheenstra 2023 Interdiscip cardiovasc thorac surg
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Who did not engage and why? 

43

CPET

Risk 
Stratification

Shared 
Decision 
Making

Optimise 
Comorbidities

Prehabilitation

Perioperative 
Triage

Inform 
Intraoperative 
management
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BJA 2017

45 46

Summary

BUT

Data is limited by use of a single 
variable

Risk thresholds evolve as care 
evolves

Larger prospective cohorts are 
needed

Pre-operative CPET has multiple applications in perioperative medicine

Risk Evaluation
Optimise 

chronic health 
conditions

Direct shared 
decision making

Inform 
prehabilitation

Informing intra-
operative care

Triage to 
critical care
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Questions?

@dennylevett
d.levett@soton.ac.uk
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I would definitely 
recommend it to 

anybody … Very, very 

much so. It’s very 
much--- it’s very worth 

doing

after a couple of 
sessions on the bike I 
thought: “actually, I 

quite like this”. And I 
was feeling better

I certainly felt that the 
exercise really did prepare 
me. It did help. Because I 

was at a pretty low ebb when 
I started. So, you know, I was 
really at a low ebb and this 
gave me something to go 

forward

After the surgery, what I did 
was--- right at the very start, I 
downloaded CT yoga exercises. 

So, even when I was in hospital, I 
was doing CT yoga exercises. And 
my personal trainer hasn’t taken 
me back yet. She said she won’t 
(laughing) until September. But 
what I’ve been doing is a lot of 

walking. And that’s--- that’s 
certainly helping as well

It makes you 
feel more in 

control of your 
treatment.

I’ve only gone 
and bought 

myself a bike so I 
can carry on with 

the hills

Prehabilitation helps 
you contribute to your 
cancer story – so you 

have your own 
ownership and don’t 

just feel you are being 
‘done to

Takes your mind off 
it all – something 

to focus on.
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Towards a common definition of surgical prehabilitation: a scoping
review of randomised trials
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Abstract

Background: There is no universally accepted definition for surgical prehabilitation. The objectives of this scoping review
were to (1) identify how surgical prehabilitation is defined across randomised controlled trials and (2) propose a common
definition.
Methods: The final search was conducted in February 2023 using MEDLINE, Embase, PsycINFO, Web of Science, CINAHL,
and Cochrane. We included randomised controlled trials (RCTs) of unimodal or multimodal prehabilitation interventions
(nutrition, exercise, and psychological support) lasting at least 7 days in adults undergoing elective surgery. Qualitative
data were analysed using summative content analysis.
Results: We identified 76 prehabilitation trials of patients undergoing abdominal (n¼26, 34%), orthopaedic (n¼20, 26%),
thoracic (n¼14, 18%), cardiac (n¼7, 9%), spinal (n¼4, 5%), and other (n¼5, 7%) surgeries. Surgical prehabilitation was
explicitly defined in more than half of these RCTs (n¼42, 55%). Our findings consolidated the following definition: ‘Pre-
habilitation is a process from diagnosis to surgery, consisting of one or more preoperative interventions of exercise,
nutrition, psychological strategies and respiratory training, that aims to enhance functional capacity and physiological
reserve to allow patients to withstand surgical stressors, improve postoperative outcomes, and facilitate recovery.’
Conclusions: A common definition is the first step towards standardisation, which is needed to guide future high-quality
research and advance the field of prehabilitation. The proposed definition should be further evaluated by international
stakeholders to ensure that it is comprehensive and globally accepted.
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Review Article

‘Pre- habilitation is a process from diagnosis to surgery, consisting of one or more preoperative 
interventions of exercise, nutrition, psychological strategies and respiratory training, that aims to 

enhance functional capacity and physiological reserve to allow patients to withstand surgical 
stressors, improve postoperative outcomes, and facilitate recovery.’ 
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