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is functional capacity of importance
PERIOPERATIVE MEDICINE Wl e
PATHWAY T0 BETTER SURGICAL CARE The role of

CPET in

Per]operat]ve Q WHAT evidence is there to support the
. . role of CPET?

Medicine

WHY CPET in perioperative Care?

...from the moment
of contemplation of
surgery until full

recovery. D WHAT are the unanswered questions?

The patient is a partner in their own care..., Surgery
‘Right decision’ Functional
Individualised risk assessment Capacity
Shared decision making .
A
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Health
Behaviours:

Exercise
Diet

Determined by ability
to perform aerobic
work and integrated
cardio-respiratory-

skeletal function
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Comorbidities:

COPD

Heart Failure Psychological
Diabetes %ractor%:

Cognition
Mood
Self efficacy

Functional
Capacity An individual’s

capacity to perform
the activities of daily

living

Perioperative Exercise Testing UK

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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AT thresholds based on Weber and Jenicki Classification of Heart

Post Operative Mortality and AT

Failure (1986)

c y and

<8 8109 11-13.9 ==1a
Anaerobic threshold (mi/min/kg)

Uiaer; Smmittretal Chrest 1993
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Upper gastrointestinal surgery
Nasamarsu [52] 52 Y Y NM Morbidity: SD
nesnphag!clumy
Nasamarsy [53] N Y 800 mL-min~"-m~" NM Morbidity: SD
nesephageclumy
McCuttousH [54] 109 bariatric Y <10.5 Y <158 N Primary
composite
end-point,
including IH
rtality
Hennis [55] 106 bariatric Y <111 N N
Moves [56] 108 upper 61 % 9.0 N N
Urological surgery
ULueay [57) 37 renal and Y <9.5 N Y >536 IH
cardiac transplant ity
Tine 58] 70 renal Y 9.4 Y <149 N Mortality: Syears
transplant
Prenmis [59] 82 radical Y <12 N N Morbidity: CD,
cystectomy LoS
ToLcwaro [60] 105 radical Y <11 N Y >33 Morbidity: CD,
cystectomy LoS
[AT: anaerobic threshold; AAA: abdominal aortic aneurysm; Y: i N: no; NM: not measured; Gl: gastrointestinal; IH: in-hospital; POMS: post-operativel
morbidity survey; % pred: % predicted; CD: Clavien-Dindo complication; SD: self defined; LOS: length of stay; PFD: pancreatic fistula definition. Reproduced
and modified from [61] with permission.
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WHY? Pre-operative physical fitness predicts
risk of complications in cancer surgery

Preoperative Cardiopulmonary Exercise Test Associated
with Postoperative Outcomes in Patients Undergoing Cancer
Surgery: A Systematic Review and Meta-Analyses

CPET variables associated with
clinical outcomes
VOz2peak
Anaerobic Threshold
VE/VOC2
Peak Power
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British Journal of Ancesthesia Page 1 of 7
d0i10.1093/bjaloeq128

BJA
Impaired functional capacity is associated with all-cause
mortality after major elective intra-abdominal surgery

R. J. T. Wilson*, S. Davies, D. Yates, J. Redman and M. Stone
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Fq 2 Koplan- Meler curve for 0 doy su

pared with AT <11 mikg * mi
wos significantly greater in patients with an AT of 11 ml kg *
min”* or greater (P=0.034).

. _ =
Fig 3 Kaplan-Meier curve for 90 day survival for VEVCO, <34 il SRy

compared with VENCO, >34. Survival at 90 days was signifi-
cantly greater in patients with VENCO, <34 (P=0.021).
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ORIGINAL_ARTICLES

Submaximal Cardiopulmonary Exercise Testing Predicts
Complications and Hospital Length of Stay in Patients
Undergoing Major Elective Surgery

Chris P._Snowden, FRCA, MD,* James M. Prentis, FRCA.# Helen L. Anderson, FRCA,
Digby R. Roberts. FRCA,* Derck Randles. FRCA,* Morag Renton. FRCA,* and Derek M. Manas, FRCS, MDF

e TABLE 2. Comparison of POMS-Derived Complications

Between Groups Defined by Cardiorespiratory Reserve
I (Optimum AT Level of 10.1 mL/min/kg)

T
Conptctn e ke
o 4y b VI »
i Pulmonary oas <0000
: el Tar oo
g‘“’ Gastrointestinal 7 (11%) 0.005
f it wemy i
. - Cantowselr seso 200
Neuwlogel 0
Homatlogs o o0t
. i pr o 00t
‘Wound 2 (4%) 0 02

Pows (@7)

Snowden_Annal
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Cumulative Survival

Ventilatory Efficiency and Long Term Survival

Survival (days after surgery)

Venilatory
llﬁmw

IVENCO; <

o

+

» Colorectal cancer
surgery (n=1375)

» VE/VCO2 Predicts
mortality up to 5 years
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...including “surgical” complications

leak

Effects of low

y reserve on p:

P

F. Ausania, C. P. Snowden, J. M. Prentis, L. R. Holmes, B. C. Jagues, S. A. White, . J. French,
D.

M. Manas and R. M. Charnley

Wald Odds
statistic P ratio
AT <10-1 mlperkg per min ~ 7-323  0.007 579 (1-62, 20-63) |
Body mass ndex TA7T U225 1-08 (096, T27)
History of jaundice 2526 0112 4.21(0-72,24.83)
Preoperative biliary stent 0281 0596 159 (0-29, 8-89)
Pancreatic duct size 1.826 0177 077 (0:53, 1-13)

Multivariable analysis: AT < 10.1 mIKg™min' was the o

risk factor associated with pancreatic leak (p=0.0
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) « VO peak<12
| I - 13-fold increased
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Validation of long-term survival prediction for scheduled
abdominal aortic aneurysm repair with an independent calculator
using only pre-operative variables

J. B. Carlisle,' G. Danjoux,” K. Kerr,? C. Snowden® and M. Swart'

1 Consultant, Department of Anaesthesia, Torbay Hospital, Torquay, UK

2 Professor, Department of Academic Anaesthesia, James Cook University Hospital, Middlesbrough, UK

3 Consultant, Department of Anaesthesia, Sheffield Teaching NHS Foundation Trust, Sheffield, UK
4 Consultant, Department of Anaesthesia, Newcastle upon Tyne NHS Foundation Trust, Newcastle, UK
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Incidence of pumonary complication
Respratory compicaton rate

F3 27 0 £ g s
VEVCO2 slope value

Fig 1. Relationship between the leve of the mirte ventilation-to-
carbon diaxide output (VeIN'co,) slope and the incidence of respra-
tory complications.

Fig 3. Relationship berween

greater (ol lin) or ower

complications in patients with pea

e levl of he minute ventlation-to-
carbon dioxide output (VelN'co.) slope and the incidence of respira-

e axygen consumption (Vo)
dashed lne)than 15 m fg/min.

Brunelli Aj
[QUESTION ANSWER
Is this AAA surgery? Yes o
Year 2019 o
e aleBl o0% 1NQ3 ~ - Background survival
lAge; y 75 N
feight; kg 77 20% N — Survival with unrepaired AAA
i N
[etent; cm 762 s ——Survival after open repair
2 No \
Angina? No o ~ - Survival after endovascular repair
stroke Yes N
No 50% S

Heart failure? Yes N lyear 2 4 5 N7 8 9 10 1 12 13 14 15
Peripheral arterial 0% vears yeal\ years years yearINJouIs years years years years years years years years
disease? No
[Hb] before surgery 128 a0
[Albumin] before surgery 39
[Creatinine]; pmol/t 3 %
VOzpeak 1500 | 1%
VE/VCO2 2

0%
[Fudge multiptier 1
uttrasound AAA

68 30 day mortality 4.3% open repair

diameter; mm
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RUESTION ANSWER
s this AAA surgery? Yes
fear 2019
= Male - - Background survival
e 75
Ageig:t' = 77 — Survival with unrepaired AAA
Height; cm 176.2 ——Survival after open repair
i No
hngina? No - - Survival after endovascular repair
troke Yes
No
Heart failure? Yes
N N N 4 5 6 7 8 9 10 1 12 13 14 15
peripheral arterial \Years years years years years years years years years years years years
isease? No 8N
Hb] bef 121 \
] before surgery 8 o
Albumin] before
urgery 39
Creatinine]; pmol/L 7 2%
10%
Ozpeak 300
E/VCO? 45 -
Udge multiplier T
itrasound AAA
! 68
fiameter; mm
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Assessment of functional capacity before

surgery: an international, prospective cohort study

Duminda N Wijeysundera, Rupert M Pearse, Mark A Shulman, Tom E F Abbott, Elizabeth Torres, Althea Ambosta, Bernard L Craal, fohn T L A N C E T
Kevin £ Thorpe, Michael PW Grocott,Catherine Farington, Paul S Myles, Brian H Cuthbertson, on behalfof the METS study investigators

. o
major non-cardiac " ®

THE

BM) Open Measurement of Exercise Toleranc
before Surgery (METS) study:
a protocol for an international

of cardiopulmonary exercise testin
prior to major non-cardiac surgery
Duminda N Wijeysundera,' Rupert M Pearse,” Mark A Shulman,® Tom
Elizabeth Torres,* Bemard L Croal,® John T Granton,® Kevin E Thorpe,

on behalf of the METS Study Investigators
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Open Access Protocol

multicentre prospective cohort study

Michael P W Grocott® Gatherine Farrington.” Paul S Myles,® Brian H Cuthbertson.”

€ International multi-centre

Canada =5
UK =7
g Australia = 10

New Zealand

E F Abbott?




Deatl Myocardial
INFARCTION within 30
[<EVH
28 (2.0%)

METS Study

24 (1.7%)
Surgery + CPET Moderate to severe

1401 complications
194 (13.8%)

INJURY within 30 days
176 (12.6%)

Mean peak VO2peak 19.6
*  Mean AT 12.6

Myocardial INJURY
176 (12.6%)

Death at 1 year = 34 (2.7%)
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Assessment of functional capacity before major non-cardiac A S ™
surgery: an international, prospective cohort study

Mark A Shulman, Tom £ F Abbott, Elizabeth T

Bernard L Croal, John T Granton,
Kevin EThe .

30-day death 30-day death or | In-hospital moderate | Death at 1 year

or Myocardial Myocardial or severe
INFARCTION INJURY (MINS) complications &
death
Clinical
DASI
NT-pro-BNP
VO: peak
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Multi-centre National Audit UK PQIP

complications

Conficent Standarderror waldz score WaldZ score
Peak power output
Tntereegt isi o188 o <000t
Peak powe output 03203 ons 2687 0007
pea)
Intercept 14333 02297 5239 <0001
Peak oxygen consump. “ooss oo1zs Zan o016
fobic threshold
Tntercept 170 o2a3s 73w <0001
Anserobic threshold Zoonst Qotsn o7se osss
Ventilatory equivalents
ntercept 25908 03129 8310 <0001
VENCO, 00153 00085 2055 oos2

[ m——————
» Prospective Cohort
» National bench marking QI project
> N=2742

» VOzpeak, VE/VCOz PPO

>

Associated with morbidity and mortality
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Assessment of functional capacity before major non-cardiac & ™
surgery: an international, prospective cohort study

Tom EF Abbott, Elzabeth Torres, Althea Ambosta, Bernard L Croal john T Granton,
Kevin E Thorpe, Michael PW paul s Myl

Table S8: Frequency of individual ication types among particij who i ds
postoperative complications

No Complication or Mild  Moderate, Severe or Fatal

Complication Type Complications Complications
®=1027) @=194)

Non-fatal cardiac arrest. 0 (0%). (1:0%)

(Freadartmxton 14(1:2%) 10 (5:2%) )
Teart filure 0% 305%)
Stroke or transient ischaemic attack 00%) 10:5%)
Respiratory failure 0.0%) 18 (93%)
Pneumonia 0% 2(113%)
Surgical site infection 0(0%) 35 (18-0%)

'SP venous (rombosts of pulmonary cmbolism T (0% T %)

Unexpected admission to eritcal care unit 14(116%) 39201%)
Re-operation 2(1:9%) 32(16:5%)
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Table S5: Seiuelae of 27 adverse events durini CPET that led to unb]jndini
Immediate Consequence of Adverse Event
Death 0
Cardiac arrest 0
Myocardial infarction 0
E y d visit or hospitali 2
Testing, C or Interventions
New referral to specialist 10
New medical therapy 5
Stress test, echocardiogram, or angiogram 8
Coronary revascularisation 2
Changes in Surgical Plan
Delay in planned surgery 6
Modification in planned surgery 2
Abbreviations: CPET, cardiopulmonary exercise testing

28

e AEE Shared Decision
management Making

30



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

Ask 3 Questions

‘There may be choices to make about your healthcare.
ake sure you get the answers to these hree guestions:

What are my choices?
How do| get support to  and bad about

help me make a decision
that i right for me?

31

=
’A‘\
" Shared“ ‘\‘

Decision

"4

2

What is good

‘each choice?

Perioperative
Triage.

Optimise
Comorbidities

33
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\

Clinical Decision Outcomes from SDM clinic
(n=749)

™ Proceed to Surgery
More minor surgical procedure

" No operation because of disease progression
B No operation patient choice

Decision to watch and wait
" Delayed for prehabilitation

", Waiting for surgery

32

250
198
2200
£
K]
150
s
5100
2
5 52 52
2 50 36
H = =
0 |
Medication  Cardio logy in put Additiona | tests  Re piratory Diffe ren t
change inp ut Proced ure

CPET directed pre-operative optimisation

30% of patients had a CPET directed pre op intervention

34

Table S5: Sequelae of 27 adverse events during CPET that led to unblindin
Immediate Consequence of Adverse Event
Death 0
Cardiac arrest 0
Myocardial infarction 0
Emergency department visit or h li 2
Testing, C ions or Interventi
New referral to specialist 10
New medical therapy 5
Stress test, echocardiogram. or angiogram 8
Coronary revascularisation 2
Changes in Surgical Plan
Delay in planned surgery 6
Modification in planned surgery 2
Abbreviations: CPET, cardiopulmonary exercise testing

Inform
Intraoperative
management

Perioperative

Prehabilitation

35
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WHAT is Prehabilitation?

+ P ilitation is a tailored jr
before surgery that aims to improve

surgical outcome and recovery by

ehysicaland g Exercise Seecipsmmon

- — .0 iiEaNcer
tesilience _f'? +—J

+ Prehab involves gcreening and o s I
—
assessment that directs the needs based || E
—

erescription of: = TS
+ Exercise g%
+ Nutrition E.

+ Psychological support

*+ Supported by behaviour change
fechnigues

RCoA, NIHR, Maci
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WHY? Efficacy: Umbrella Systematic review 2

‘Complicatons

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.

Mclsaac 2022, BJA

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
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WHY? Efficacy: Umbrella Systematic review

Compliations
Cavaner ana Granger, 2017 (cardopumonary) {
Rosers and collagues 2019 (avaopuimanary)
Valkene 201t (amy)
You and cosoagues 2021 (s forton

You and collagues 2021 (soke)
Katsuraand coliagues 2012 (carsopuimorary)
o colagoes 2

Hagor and coleagues 2020
Sharma and collagues 2019
Rosero and coeagues 2019
avaler and Granger,
Vau s 2021

Katsua.
Kamaraah and oleagues (cardac), 2020
Kamarajah and coleagues (sbdomina), 2020
Zhong an colagues 2015

05

Mclsaac 2022, BJA
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Personalised Prehabilitation in High-risk Patients Undergoing
Elective Major Abdominal Surgery
A Randomized Blinded Controlled Trial

Anael Barberan-Garcia, MSc,* Marta Ubré, MD,f Josep Roca, Prof. PAD," Anionio M. Lacy, Prof. PRD.1
Felip Burgos, PAD,” Raguel Risco, MD, | Dulce Momblin, PhD.S Jaume Balus, MD.{ Tsabel Blanco, PAD,*
and Graciela Martinez-Palii, PADY

» High risk patient group
» Age > 70 and/or ASA 3/4
» Exercise
» HIT - supervised, 3/week, mean 6 weeks (2), mean sessions 12
» Physical activity promotion - steps, sit to stand
» Motivational interviewing
» Outcomes
» Clinical - post operative complications
» Physiological - endurance time and 6 minute walk test
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Personalised Digital Prehabilitation in Eled
(’—..—,—l:—‘.- Crivmmim s

cardothoraci surgery ¢ MU+ :

Approached to particpate i the

digital prehabiltation care pathway Psycho educative

prevention

-
o )

Inspiratory muscle

4
Emre E S
|, )
pecopead Nustion k

Non-participants Participants

e gl Funcionalexerdse
e S TELEPREHABILITATION i
monkoring s l

cinic " sureery

Scheenstra 2023 Interdi
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Who did not engage and why?

REASONS FOR NON-PARTICIPATION

Lsckotntemet

cessor waing 0

uttcent || paricipaton
gl skas

In a retrospective study of 815 patients
who were scheduled for elective Y
cardiothoracic surgery, the reasons and
predictors of non-participation in a
personalized digital prehabilitation care
trial were evaluated. Non-participants
were older and had more perioperative
risk factors.

|Legend: [OR: odds ratio]
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Using predicted 30 day mortality to plan postoperative

colorectal surgery care: a cohort study’
M. Swart™, J. B. Carlisle’ and J. Goddard®

E of Torbay Hospital, Torquay, UK and “Department of

Anaesthesia, Salisbury District Hospital, Salisbury, UK

BJA 2017
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Summary

Pre-operative CPET has multiple applications in perioperative medicine

Optimise

Direct shared
Risk Evaluation
chronic health geci(ion making

Informing intra-
operative care

Triage to

prehabilitation critical care

BUT

Data is limited by use of a single  Risk thresholds evolve as care. Larger prospective cohorts are
variable evolves needed

47
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Perioperative
Triage.

44

Ekaive sdmision othe
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Case cancelled 11U b not
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120 be on Day of Surgery,
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o

‘Swart ot al. BJA. 118 (1): 100-4 (2017)
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Questions?

LET'S

: @ World Health 3
N7 Organization '% ONTAC

grenone
[t

@dennylevett
d.levett@soton.ac.uk
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South Downs. European
#d8  practicum 2026
Prehabilitation
and
Perioperative
Care

14-18th

September
Brockenhurst,
Southampton
UK

Prehabilitation helps
you contribute to your
cancer story - so you
have your own
ownership and don’t
st feel you are being

‘done to

after a couple of
sessions on the bike I
thought: “actually, |
quite like this”. And |
was feeling better

fter the surgery, what | did It makes you
was--- right at the very start, | feel more in
downloaded CT yoga exercises. control of your

treatment.

So, even when I was in hospital, |
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 Takes your mind off
walking. And that’s--- that’s it all - something

I would definitely
recommend it to
anybody ... Very, very
much so. It’s very

I certainly felt that the
exercise really did prepare
me. It did help. Because |
was at a pretty low ebb when
I started. So, you know, | was
really at a low ebb and this
gave me something to go
forward

I've only gone
and bought

B J A Britsh Journal of Anaesthesia, 133 (2): 305-315 (2024)

ok 10,1016/ bja 202402035
Advance Access Publication Date: 26 Apil 024
Review Anice

CLINICAL PRACTICE

Towards a common definition of surgical prehabilitation: a scoping
review of randomised trials

Chloé Fleurent-Grégoire™ @ , Nicola Burgess”, Daniel I Mclsaac**“ @, Stéphanie Chevalier'*,
Julio F. Fiore Jr °, Francesco Carli'’, Denny Levett’® , John Moore''® , Michael P. Grocott?,
Robert Copeland”® , Lara Edbrooke'*'*® , Dominique Engel™*® , Giuseppe Dario Testa'*® ,
Linda Denehy'****® and Chelsia Gillis****"®

‘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.”

certainly helping as well to focus on. myself a bike so |
can carry on with

the




