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Evidence Appraisal Report

Cardiopulmonary exercise testing (CPET) to inform decision-making prior
to major intra-abdominal surgery

1. Purpose of the evidence appraisal report

This report aims to identify and summarise evidence that addresses the following questions:

In people undergoing major intra-abdominal surgery, how accurately do factors measured by
preoperative cardiopulmonary exercise testing (CPET) predict post-operative outcomes?

In people undergoing major intra-abdominal surgery, what is the effect of adding preoperative
CPET to standard preoperative assessment on post-operative outcomes?

Evidence Appraisal Reports are based on rapid systematic literature searches, with the aim of
identifying the highest quality published evidence clinical and economic evidence on health
technologies. Researchers critically evaluate this evidence. The draft Evidence Appraisal Report
is reviewed by experts and by Health Technology Wales (HTW) multidisciplinary advisory groups
before publication.

2. Health problem

Major surgery results in a stress response characterised by muscle wasting and systemic
inflammation. Increased tissue oxygen (02) demand and consumption after surgery increases the
risk of ischaemic events. A patient’s cardiopulmonary reserve, or their ability to increase cardiac
output and ventilation to meet the increased demand, will influence their ability to cope with
these physiological challenges after surgery. Such reserves are greater in physiologically ‘fitter’
patients, and physical fitness has been shown to be linked to better post-operative outcomes
following major surgery (Lam&Hart 2018).

Postoperative complications can carry a significant long-term mortality risk (Moonesinghe et al.
2014). The ability to predict postoperative outcomes after major surgery offers the opportunity
to undertake an individualised risk assessment in a preoperative setting and the findings can be
used to inform patient care. For example, the findings may assist in decisions about whether to
proceed to surgery, to plan postoperative care (such as critical care instead of surgical ward
care), or used to guide intra-operative anaesthetic techniques. Risk assessment can encourage
person-centred care and co-production through discussions of the outcomes with patients.
Where available, it also has the potential to identify patients who would benefit from
prehabilitation prior to surgery.

A significant number of patients undergo major surgery each year in Wales. The Patient Episode
Database Wales records 9,365 cases of people in Wales undergoing major intra-abdominal
surgery in 2017/2018, with 5,675 which can be considered elective, after emergency cases are
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excluded (PEDW 2019). The vast majority of cases were gastrointestinal (8,457 cases), in
particular colorectal surgery (3,949 cases). A full breakdown of this calculation by type of
surgery is given in Table 13 in section 10.3. For many cancers, and for colorectal cancer in
particular, Wales has some of the worst outcomes internationally (Arnold et al. 2019; Weller et
al. 2018).

Using surgery duration as a proxy for surgery complexity, Cornella et al. (2017) showed that
prolonged surgery carries significant short- and long-term mortality as well as disability risk.
Following discharge from hospital, 76% of patients remained dependent on the healthcare
system after surgical procedures lasting more than 6 hours. Identifying those at increased risk
prior to surgery and taking preventative action to reduce this risk supports a value-based
healthcare approach by maximising outcomes for patients.

3. Health technology

Cardiopulmonary exercise testing (CPET) is a non-invasive method of simultaneously assessing
cardiovascular and pulmonary function, both at rest and under cardiovascular stress. An
increasing number of published studies report that variables measured by CPET are able to
predict post-operative outcomes, such as anaerobic threshold (AT) (Reeves et al. 2018). Use of
CPET as part of the preoperative assessment is also reported to be increasing, as are the types
of surgical procedures it is used prior to.

During CPET, subjects carry out exercise of incrementally increased difficulty, up to their
maximally tolerated level. This may be dictated either by exhaustion or symptoms such as
breathlessness or angina (Smith et al. 2009). It can be performed on a cycle ergometer or a
treadmill, although in the preoperative setting, CPET is usually carried out on a cycle
ergometer. A period of rest is followed by unloaded cycling, after which a ‘ramp test’ is
performed. During this test, pedalling resistance is increased at intervals and the subject is
instructed to pedal at a consistent cadence for as long as possible. The ramp test ends when the
subject can no longer maintain pedalling despite encouragement. Resistance is then removed
and the subject is encouraged to pedal for a further recovery period of approximately 5
minutes. The entire test period typically lasts 20-25 minutes. Throughout the testing period, a
wide range of physiological measurements are recorded, including respired gas analysis,
ventilatory flow, heart rate, oxygen saturation, arterial blood pressure and 12-lead
electrocardiogram (Levett et al. 2018). Definitions of the variables measured by CPET are
available in Appendix 4.

4. Current practice

Undertaking CPET in the UK

CPET is available in a number of centres across the UK for assessing patients’ fitness prior to
major surgery (POETTS 2019). A 2016/2017 survey reported that approximately half of UK
anaesthetic departments have access to perioperative CPET services, and that this proportion
had increased from approximately 25% in 2011 (Reeves et al. 2018). This survey also indicated
that CPET is used across a range of clinical specialties, but most commonly prior to
gastrointestinal surgery. Patients were primarily selected based on the type of surgery (75.6%),
additional factors influencing the decision to use CPET included clinical concern (83.7%), age
(16.3%), screening questionnaire (5.8%), risk score (7.0%), and/or other reasons (18.6%). The
majority of CPETs were performed by anaesthetists (69.0%) and physiologists (43.7%) but other
clinicians who were involved included cardiologists (2.3%), respiratory physicians (9.2%), nurses
(8.0%), and cardiac technicians (3.4%).
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Interpretation and actions arising from CPET findings

The survey indicated that the interpretation of the test varied across centres, in terms of what
recommendations are made about the pre- and perioperative care of the patient, and what
physiological measurements are used to make these recommendations (Reeves et al. 2018). In
some centres CPET formed part of a high-risk pre-assessment or shared decision-making clinic
run by anaesthetists. These resulted in reports with a comprehensive risk analysis and
perioperative period plan. In other centres there was an external referral to a separate team
and the subsequent report of CPET variables was used by the perioperative team at pre-
assessment as part of a comprehensive risk assessment. This is reflected in the content of the
resulting reports generated. The majority of CPET reports made recommendations about the
perioperative care, including suitability for the proposed operation (77.9%), type of
postoperative care (70.9%), risk of the procedure (40.7%), suggestions for preoperative exercise
training (33.7%), and suggested referrals for optimisation of identified pathology (66.3%). The
recommendations were most commonly based on AT (93.0%), peak O2 uptake (VO2 peak)
(86.0%), ventilatory equivalent for CO2 (VE/VCO2) (84.9%), and ventilatory equivalent for 02
(VE/VO2) (19.8%) (Reeves et al. 2018).

Wales-specific findings

In 2018, 308 CPETs were performed in the University Hospital of Wales (Davies R; Consultant
Anaesthetist, Cardiff and Vale University Health Board. Personal communication, 13 Jan 2020)."
Mean AT in the population undergoing CPET 2008-2018 in South Wales is among the lowest in the
published literature for the UK (10.9 ml/kg/min). In particular, patients undergoing colorectal
surgery had a lower mean AT than seven out of nine other published UK studies. This suggests
that the local population may have particularly low fitness levels and be more prone to poorer
health outcomes.

The National Bowel Cancer Audit (NBOCA) 2016 organisational survey results found that five of
12 multi-disciplinary team (MDT) networks in Wales reported having on-site CPET facilities
(Cardiff, Neville Hall Hospital, Swansea, Ysbyty Gwynedd, and Ysbyty Maelor) (NBOCA 2016).
Communication from the expert reviewers reports that in an unpublished survey of 19 major
hospitals across the seven Welsh Local Health Boards (LHBs) between October-December 2018,
seven (37%) hospitals were delivering preoperative CPET and one was setting up the service at
the time. The University Hospital of Wales is reported to have been the only centre routinely
undertaking CPET for all colorectal cancer patients from 2011 to 2018. Expert comments suggest
that there is now CPET provision in each of the LHBs.

Currently data isn’t collected on the impact of CPET on subsequent patient care in Wales.
Expert reviewers report the most likely changes following preoperative CPET include:

1. Review by other hospital specialists (most commonly respiratory or cardiology colleagues)
which may include medication changes and may lead to further investigation, most often
echocardiography. This may result in a change to the level of intraoperative monitoring
such as the use of invasive monitors if the patient is deemed high risk. Or a change in the
use of enhanced recovery protocols and tailoring of postoperative care facilities such
from intensive care unit to ward-based care incorporating high dependency unit and level
1+ intermediary care.

2. The patient consent process may be tailored based on the findings of CPET.

T With thanks to Richard Davies and Mike Adamson, Consultant Anaesthetists, for providing this data.
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3. There may be a change in practice if a patient is deemed fit on the basis of CPET and can
return to the ordinary ward after major surgery, if this patient’s procedure may
otherwise have been cancelled due to lack of an available high dependency unit bed.

4. Many centres are also reported to use CPET to guide exercise prehabilitation or
respiratory muscle training.

Expert reviewers noted that in the future CPET is expected to inform prehabilitation exercise
programme use and in determining the definitive treatment regimes of patients on oncological
pathways. CPET may play a role in measuring the deconditioning effect of chemotherapy on
cardiopulmonary function.

5. Current guidelines and guidance

Current guidelines relating to CPET and their relevant recommendations are summarised in
Table 1. NICE have published guidelines on Colorectal cancer: diagnosis and management
(Clinical guideline CG131) and Routine preoperative tests for elective surgery (NICE guideline
NG45). The latter reviewed evidence on the use of CPET (searches were conducted in 2015), but
did not make any specific recommendations about its use due to a lack of evidence. General
findings of the Guideline Development Group (GDG) are reported in Table 1. The GDG referred
to the METS study which was still ongoing at the time, this has since been reported and is
included in this review.

The Perioperative Exercise Testing and Training Society (POETTS) published guidelines on CPET
use in 2017. This was based an updated evidence search of a review by Moran et al. (2016) and
clinical consensus. CPET was indicated for preoperative risk assessment of perioperative
morbidity and mortality (grade B evidence). There was also grade B evidence (well-conducted
non-RCT studies or extrapolation from RCT or systematic review) to support use of CPET to guide
perioperative care, identify previously unsuspected pathology, evaluate neoadjuvant cancer
therapies, and to guide prehabilitation and rehabilitation programmes. Evidence supporting the
use of CPET to inform shared decision-making and consent, and to direct preoperative
referrals/interventions was graded C (expert committee reports or extrapolated from non-RCT
studies). Using CPET to guide intraoperative anaesthetic practice was graded D (clinical
opinion). Peak V02 is reported to predict postoperative outcome in major surgical patients
(grade C evidence). While AT is reported to predict postoperative complications and mortality in
a wide range of surgical populations with more precision than other CPET variables (grade C
evidence). In the perioperative setting, VE/VCO2 at AT is reported to be associated with
morbidity and mortality in hepatobiliary surgery, abdominal aortic aneurysm surgery, urological
surgery, and mixed surgical cohorts (grade C evidence). However, it is noted that an association
with surgical outcome has not been identified in all cohorts.

Prior to this, the American College of Cardiology (ACA) and the American Heart Association
(AHA) published guidance in 2014 on perioperative cardiovascular evaluation and management of
patients undergoing non-cardiac surgery. They advised that CPET may be considered for patients
undergoing elevated risk procedures in whom functional capacity is known. The same year, the
European Society of Cardiology (ESC) and European Society of Anaesthiology (ESA) published
guidelines on cardiovascular assessment and management for non-cardiac surgery. This
highlighted that determination of functional capacity is a pivotal step in preoperative cardiac
risk assessment and that exercise testing provides an objective assessment of functional
capacity.

In addition, Macmillan Cancer Support recently published guidance on prehabilitation for people
with cancer which notes that those identified as at risk following screening should undergo more
formal physical fitness assessment and that CPET is the gold standard for assessment and
ongoing measurement of prehabilitation needs if implemented near the time of diagnosis.
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Table 1. Current guidelines and guidance

Guidance Population Recommendation
NICE
Preoperative Adults and “The GDG agreed that, based on the evidence, there is not robust enough evidence to e Not limited to intra-
tests (update): young people | recommend or not recommend CPET testing before surgery.” abdominal surgery
Routine with mild to w . ) )
preoperative severe All CPET measures need to be considered in the context of the surgical procedure that | cpET vs no CPET/clinical
tests for comorbidities | is being performed. For example, in lung cancer surgery, peak exercise capacity is assessment only
elective surgery | (ASA 2+) deemed a more appropriate predictor of complications, whereas anaerobic threshold is
(NG45) undergoing considered more relevant for other surgery types.” ¢ Identified one study
. major or « . . , . - o (Goodyear et al. 2013:
April 2016 complex non- CPET is considered a safe test, with the risks the same as for mild-moderate exercise. abdominal aortic
cardiac “In the absence of strong evidence, the cost-effectiveness of this test is uncertain.” aneurysm (AAA) repair)
elective
surgery “The GDG noted that there seems to be a drive towards the use of CPET nationally but Prognostic value of CPET test
that there are much simpler tests, for example the 6-minute walk test or shuttle test measures
walk, that do not require specialist equipment and are cheaper. However, there is a .
lack of consensus regarding how clinicians should best determine how to assess a . Ident1f1eq 16 '
patient’s fitness for surgery and individual risk.” observational studies
“The GDG noted that the METS study is ongoing... In addition, another UK-based
multicentre study examining whether different levels of postoperative care according to
CPET results influences outcomes has finished recruiting with results pending. Based on
these ongoing studies, the GDG decided not to make recommendations or a research
recommendation.”
Abdominal People who Recommend consideration of pulmonary exercise testing when assessing people for e Assessed what tests are
aortic are being elective repair of an asymptomatic AAA, if it will assist in shared decision-making. effective in predicting
aneurysm: assessed for i
diagnrgsis and surgery for a It is noted that, while CPET may provide healthcare professionals valuable, objective pogr and gqodls:rgmglPET
management confirmed un- | information on the fitness of people prior to elective AAA repair, the evidence was not outcomes, Including
Draft for ruptured AAA robyst enoggh to make strong recommendations for the use of the test as a decisive e Identified two studies
consultation arbiter of fitness. which ass.essed w.hether
CPET derived variables
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Guidance
May 2018

Guideline on
perioperative
cardiovascular
evaluation and
management of
patients
undergoing non-
cardiac surgery

2014

Population

Patients
undergoing
AAA repair,
major
abdominal
surgery, or
major elective
surgery

Recommendation

“The committee agreed that individual CPET parameters should not be used in isolation
to decide whether a patient should have surgery or not, by instead, may be used to
inform shared decision making in context of medical history and examination.”

“The committee agreed that CPET can identify individuals at increased risk of
perioperative complications. This in turn, can allow the optimisation of perioperative
care. CPET results can also support informed consent...”

“The committee... agreed that the risks associated with CPET testing were similar to
undertaking mild-to-moderate exercise.”

“Taking cost-effectiveness and resource use into consideration, the committee made
recommendations for healthcare professionals to only consider CPET when it may be
useful for subsequent shared decision-making.”

American College of Cardiology and American Heart Association

“Cardiopulmonary exercise testing may be considered for patients undergoing elevated
risk procedures in whom functional capacity is known.”

“A consistent finding among the studies was that a low anaerobic threshold was
predictive of perioperative cardiovascular complications.”

Notes

were useful in predicting
mortality (Grant et al.
2015; Hartley et al.
2012).

Identified nine studies
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Guidance

AHA Scientific
Statement:
Clinician’s guide
to cardio-
pulmonary
exercise testing
in adults

2010

ESC/EAS
guidelines on
non-cardiac
surgery:
cardiovascular
assessment and
management

2014

ATS/ACCP
statement on
cardio-
pulmonary
exercise testing

2001

Population

Adults

Patients in
whom heart
disease is a
potential
source of
complications
during non-
cardiac
surgery

Intended
audience is
those
performing
CPET and in
the clinical
decision
making
process

Recommendation

“CPX offers the clinician the ability to obtain a wealth of information beyond standard
exercise testing that, when appropriately applied and interpreted, can assist in the
management of complex cardiovascular and pulmonary disease.”

“Several important variables derived from CPX provide useful diagnostic and prognostic
information. Peak VO2, VT, RER, VE/VCO2 slope, VE/MVV, and oxygen saturation are
the most commonly used clinically.”

“Emerging and less well studied applications of CPX include... the preoperative
assessment of patients undergoing pulmonary resection or bariatric surgery.”

“Determination of functional capacity is a pivotal step in preoperative cardiac risk
assessment... exercise testing provides an objective assessment of functional capacity.
Without testing, functional capacity can be estimated from the ability to perform the
activities of daily living.”

American Thoracic Society (ATS) and American College of Chest Physicians (ACCP)

CPET is indicated for preoperative evaluation. “In practice CPET should be considered
when specific questions remain unanswered after consideration of basic clinical data
including history, physical examination, chest radiographs, resting pulmonary function
tests, and resting electrocardiogram.”

“The greatest diagnostic potential and impact on clinical decision-making process rests
not on the utility of any one individual measurement, but rather on their integrated
use.”

Notes

“The recommendations
made... are predominantly
based on expert consensus
interpretation of published
data when available, because
there are essentially no RCTs
to address the diagnostic and
prognostic applications of
CPET.”

European Society of Cardiology and European Society of Anaesthiology

Unclear whether this was a
systematic review of the
evidence base

e Literature search covered
1970 to 2002.

e Practical guide to
performing CPET

e Preoperative evaluation
section focuses on lung
cancer resectional or lung
volume reduction surgery,
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Guidance

Perioperative
Exercise Testing
and Training
Society
(POETTS) -
Perioperative
cardiopulmonary
exercise testing
(CPET):
consensus
clinical
guidelines on
indications,
organisation,
conduct and
physiological
interpretation

2017

Population Recommendation

Preoperative
use of CPET

CPET is indicated: (1) to estimate the likelihood of perioperative morbidity and
mortality and contribute to preoperative risk assessment (grade B); (2) to inform the
processes of multidisciplinary shared decision-making and consent (grade C); (3) to
guide clinical decisions about the most appropriate level of perioperative care (ward vs
critical care (grade B); (4) to direct preoperative referrals/interventions to optimise
comorbidities (grade C); (5) to identify previously unsuspected pathology (grade B); (6)
to evaluate the effects of neoadjuvant cancer therapies including chemotherapy and
radiotherapy (grade B); (7) to guide prehabilitation and rehabilitation training
programmes (grade B); (8) to guide intraoperative anaesthetic practice (grade D).

A perioperative CPET service should be managed and led by an individual expert in
perioperative CPET (grade C). competence and expertise in each stage of the CPET
process should be defined by specific training and documented experience, rather than
defined medical roles (grade C). CPET practitioners should review or report 25 tests per
year to maintain their competence (grade C).

Peak VO2 predicts postoperative outcome in major surgical patients (grade C).

AT predicts postoperative complications and mortality in a wide range of surgical
populations with more precision than other CPET variables (grade C).

In the perioperative setting, VE/VCO2 at AT is associated with morbidity and mortality
in hepatobiliary surgery, abdominal aortic aneurysm surgery, urological surgery, and
mixed surgical cohorts (grade C). However, an association with surgical outcome has not
been identified in all cohorts.

Recommendations about risk thresholds are outside the remit of this guideline.

Interpretation of the implications of the patient’s exercise limitation for their
perioperative risk and recommendations regarding preoperative interventions are
beyond the scope of this guideline. This is an evolving field with a requirement for
frequent (re-)evaluation of the clinical literature and this will be the subject of a later
guideline.

Notes

or for lung or heart-lung
transplantation

Clinical consensus based
on search of evidence
base which updated the
review by Moran et al.
(2016)

Evidence grades:

B (well-conducted non-
RCT studies or
extrapolation from RCT
or systematic review);

C (expert committee
reports or extrapolated
from non-RCT studies);
and

D (clinical opinion)
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Guidance

Macmillan
Cancer Support
- Prehabilitation
for people with
cancer

Population Recommendation

Patients with
cancer who
are being
assessed for
their
prehabilitation
need

“Those identified as at risk following screening should undergo more formal physical
fitness assessment... In some settings, standard of care preoperative assessments may
include more comprehensive evaluation of cardiorespiratory fitness, such as pulmonary
function tests or cardiopulmonary exercise testing (CPET). CPET is the ‘gold standard’
that, if implemented near the time of diagnosis, may serve as an appropriate
assessment and ongoing measure of prehabilitation needs.”

Notes

¢ Identified by expert
review

e Electronic databases
were searched
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6. Evidence search methods

A systematic literature search was undertaken between 19" October and 7" November 2019 and
then updated the search on 16" December 2019. Priority was given to systematic reviews,
randomised controlled trials and ongoing studies. The criteria used to select evidence for the
appraisal are outlined in Appendix 2. These criteria were developed following comments from
the HTW Assessment Group and UK experts. The appraisal was divided into two review
questions: a single literature search was designed and run to cover both questions. The search
strategy is available on request.

Initial exploratory searches identified no existing technology assessments, guideline
recommendations or economic evaluations on the use of CPET prior to major intra-abdominal
surgery. Several potentially relevant systematic reviews were identified, suggesting a variety of
primary studies have been published on the predictive ability of CPET variables prior to different
types of major intra-abdominal surgery. Appendix 3 summarises the selection of articles for
inclusion in the review.

7. Clinical effectiveness question 1: In people undergoing major intra-
abdominal surgery, how accurately do factors measured by preoperative
CPET predict post-operative outcomes?

7.1. Type and quality of evidence found

Searches identified a systematic review that summarised evidence on the ability of CPET to
predict postoperative outcomes in patients undergoing non-cardiopulmonary intra-abdominal
surgery (Moran et al. 2016). The review reported on the effectiveness of two exercise capacity
variables: anaerobic threshold (AT) and peak O2 uptake (VO2 peak); and two cardiorespiratory
variables: heart rate and ventilation (VE)/ventilation for CO2 (VCO2), at predicting post-
operative outcomes. The design and results of this review are summarised in Table 5.

Because the systematic review did not include any evidence since May 2015, we also considered
evidence published since then. Two further systematic reviews were identified and included;
these studied the use of CPET in two specific types of intra-abdominal surgery. The design and
results of these further two reviews are summarised in Tables 6 and 7. Ney et al. (2016) assessed
the prognostic value of CPET variables for patients diagnosed with cirrhosis undergoing liver
transplant and included seven primary studies, four of which were also included in the review by
(Moran et al. 2016). Lee et al. (2018) looked at adult patients undergoing colorectal surgery and
also included seven primary studies, three of which were also included in the review by Moran et
al. (2016). The findings of the two more recent reviews were included despite some overlap with
the review by Moran et al. (2016) as they added additional benefit through pooled analysis of
studies. In addition to the two reviews, 20 primary studies published after May 2015 were
identified and included. The design and results of each of these trials is summarised in Appendix
2; Appendix Table lists the prognostic value of CPET variables using data from the primary
studies.

The majority of studies included in each of the systematic reviews were relatively small (n <500
in 86-89% of studies), and a significant proportion had less than 150 patients (57-71%), with some
including less than 50 patients (11-14%). Primary studies published since the Moran et al. (2016)
review, have typically been larger in size with 78% having less than 500 patients and 50% had less
than 150. However, a similar proportion (11%) of primary studies again had less than 50 patients.

Most studies did not report whether the findings from CPET changed practice; three studies
stated that they did not; and five stated that they did. Chan et al. (2016) used a cut-off of AT
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<11 ml/kg/min to define patients undergoing colorectal resection as high risk and these were
assessed for potential postoperative management of combined level 1-3 care in intensive care
units (ICUs) or critical care units (CCUs) (those not assessed or felt to need this were managed
on the ward). Wilson et al. (2019) used a cut-off of AT <11 ml/kg/min and VE/VCO2 >34 to
define patients as high risk for colorectal cancer surgery. Where possible, these were allocated
to a high dependency unit or a level-1 bed on the nursing enhanced unit of general surgical floor
(other patients received level 1 care for a minimum of 24 hours). Saratzis et al. (2017) used a
cut-off of AT <11 ml/kg/min to define high risk patients undergoing AAA surgery and these
patients were not offered open surgical repair. Warnakulasuriya et al. (2017) used a cut-off of
peak VO2 <15.8 to identify high risk patients undergoing bariatric surgery. These were then
provided with high dependency unit postoperative care. Chakkera et al. (2018) used a cut-off of
peak VO2 <17 ml/kg/min to identify high risk patients undergoing kidney and/or pancreas
transplant. These patients then underwent further cardiac screening with a pharmacologic
sestamibi stress test.

7.2. Variables reported

Figure 1 demonstrates the variety of variables reported by the studies and how the amount of
evidence available varied between them. Findings for different CPET variables varied by the
type of surgery, the statistical analysis methodology, and whether optimal cut-off points for
variables were identified and assessed. None of the studies reported health-related quality of
life (HRQOL) or post-operative pain outcomes.

The most evidence was found for the exercise capacity variables AT (seven studies and three
reviews) and VO2 peak (12 studies and three reviews), and the cardiorespiratory variable
VE/VCO2 (ten studies and one review). These three are focused on in this section. Eight other
variables were assessed for predictive ability and are reported alongside more details of the
three key variables in the Appendix.

Figure 1. Summary of findings: the size and type of evidence found for different CPET
variables

Intra- i i . Upper Gl

abdo- Liver | AAA Colo Pan . Upper Bar'l & colo-
. rectal | creatic Gl atric

minal rectal

Exercise capacity variables

AT 1 4£ | 4 6 1 41 r [t

VO2 peak 11 42 4 6? 1 2 2! 1
VO2 at AT/VO2 peak 1
Cardiorespiratory variables

VE/VCO2 11 3! 4 6? 11 2

VE/VO2 1

02 pulse 1 1 1

02 pulse response 1

Heart rate 3 1

Spirometry variables

FEV1 or FVC 1 1 1 1

MIP or MEP 1

Other variables

No. subthreshold ‘ ‘ ‘ 1 ‘ ‘ ‘ ‘ ‘

Numbers represent the number of studies found which report these variables.
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Superscript numbers represent the number of systematic reviews found which report these variables

At least 1 systematic At least 1 moderately-sized study (n > Only 1 very small study
review 150) (no systematic reviews) (n < 150)

Overall, the evidence was found to be strong for an association between AT and mortality in
patients undergoing liver surgery; and between AT and postoperative morbidity in patients
undergoing colorectal surgery. There was also found to be strong evidence for an association
between peak VO2 and postoperative morbidity for patients undergoing colorectal surgery; and
strong evidence of an association between VE/VCO2 and morbidity and mortality at 90 days post-
surgery in patients undergoing any intra-abdominal surgery. There were no indications where the
evidence was particularly equivocal (more than you would expect amongst small studies).

7.2.1. Anaerobic threshold (AT)

AT was the most commonly reported variable. Figure 2 demonstrates the variation in predictive
ability by outcome and type of surgery reported by the studies. A statistically significant
association, or no association, reported by a systematic review was considered strong evidence,
while a significant association, or no association found, by a cohort study was considered limited
evidence. The strength of evidence was downgraded if later studies found a conflicting result.

Figure 2. Summary of findings: Anaerobic threshold

IZItar-a Liver | Aaa | Colo- | Pan- | Upper | Bari- UEL) E:?)IOG-I
dominal rectal | creatic Gl atric rectal
Post-operative survival
Post-operative morbidities
Critical care usage
Length of hospital stay
Length of CCU/ITU stay
Hospital readmission
HRQOL
Post-operative pain
- Strong evidence of association |:| Limited evidence of association |:] Equivocal/uncertain evidence of association
Il strong evidence of no association [l] Limited evidence of no association [_] No evidence identified

Table 2. Summary of findings by type of surgery

Type of Findings Cut-off point
surgery
Overall Considered to be the optimum predictor of A threshold of AT <10.1
outcome in liver, pancreatic and intra-abdominal ml/kg/min is recommended by
surgery by the Moran et al. (2016) systematic Moran et al. (2016) for
review. identifying higher risk of
morbidity in intra-abdominal
surgery.
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potential in predicting post-operative morbidity
and increased LOS but the evidence base was
limited. Since then one study has found no
association with post-operative complications or
hospital LOS.

Liver Both the Moran et al. (2016) review and Ney et al. | An AT of 9 ml/kg/min was

resection (2016) meta-analysis found AT to be predictive of reported to predict short-term

& post-operative mortality. Since then two studies mortality (up to 90 days) in the

transplant | report mixed findings for an association with review by Moran et al. (2016),
complications, one of which also reports an while AT 211.5 ml/kg/min may
association with LOS in hospital but not CCU. predict long-term mortality (=1

year). Since then one study
reported an optimal cut-off of
10.2 ml/kg/min.

Abdominal | The studies report no association with mortality. One recent study reports using a

aortic Findings are mixed for post-operative cut-off 11 ml/kg/min.

aneurysm | complications or length of stay (LOS). This may be

(AAA) influenced by whether open or endovascular repair

repair is undertaken.

Colorectal | The Moran et al. (2016) review felt that data were | The meta-analysis by Lee et al.
supportive of the predictive ability of AT for used a cut-off of 10.1-11.1
mortality, morbidity and length of stay but not ml/kg/min for post-operative
definitive. The meta-analysis by Lee et al. (2018) complication risk.
found an association with post-operative ) )
complications. Since then, three studies have
Of four more recent studies, two found an used a cut-off of 11 or 11.1

. X o . ml/kg/min, one stating that this
association with any complications, one with grade .

. was the optimal cut-off found.

2lll complications only, and one found no
association. One study found an association with
unplanned CCU admission and a longer total LOS in
CCU. Two studies found no association with
hospital LOS.

Pancreatic | Moran et al. (2016) found an association with LOS An AT cut-off of 10-10.1
but not mortality. No further studies have looked ml/kg/min was found to be
at this. predictive of LOS by Moran et al.

(2016)

Upper Moran et al. (2016) found insufficient evidence to One recent study reports using a

gastrointes | assess this. In two more recent studies, no cut-off of 10.5 ml/kg/min, whilst

tinal (Gl) association was found for mortality, morbidity or another used a cut-off of 11
LOS following oesophageal cancer surgery. One ml/kg/min.
study looking at oesophageal or gastric cancer
surgery found an association with survival post-
surgery and cancer-specific mortality.

Bariatric The Moran et al. (2016) review felt that AT had The recent study used a cut-off

of 11 ml/kg/min to assess the
association with complications,
and a cut-off of 15.8 ml/kg/min
for LOS in hospital.

7.2.2. Peak 02 uptake (VO2 peak)

VO2 peak was also a commonly reported variable. Figure 3 demonstrates the variation in
predictive ability by outcome and type of surgery.
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Figure 3. Summary of findings: Peak 02 uptake

Intra . Upper Gl

. Colo- Pan- Upper | Bari- ]
ab.' Liver rectal | creatic Gl atric & colo
dominal rectal

Post-operative survival

Post-operative morbidities

Critical care usage

Length of hospital stay

Length of CCU/ITU stay

Hospital readmission

HRQOL

Post-operative pain

Il strong evidence of association

[l strong evidence of no association [Jl] Limited evidence of no association

[ ] Limited evidence of association

Table 3. Summary of findings: Peak O2 uptake

Type of

Findings

[ ] Equivocal/uncertain evidence of association
[ ] No evidence identified

Cut-off point

surgery

Liver The Moran et al. (2016) review felt that VO2 peak Two of the studies included by

resection | appears beneficial in predicting mortality, LOS and | Ney et al. (2016) used cut-offs

& CCU admission but that the evidence was weak. of 17.6 ml/kg/min (sensitivity

transplant | While Ney et al. (2016) found no association with 86% and specificity 64%) and 14
survival in a meta-analysis, and two further recent | ml/kg/min (sensitivity 86% and
studies found no association with post-operative specificity 45%) for mortality.
complications, CCU admission, hospital LOS or CCU
LOS.

AAA repair | Moran et al. (2016) found an association with 90- Moran et al. (2016) report a
day mortality. Since then, two of three studies have | cut-off of 15 ml/kg/min to be
found no association with mortality. useful. Two studies since then

have used cut-offs of 42
ml/kg/min and 13.1 ml/kg/min
for mortality.

Colorectal | The Moran et al. (2016) review felt that data were | Two recent studies report using
supportive of the predictive ability of AT for cut-offs of 18.2 ml/kg/min and
mortality but data were too few to conclude this 19 ml/kg/min for CCU and
with certainty. The Lee et al. (2018) review found hospital LOS respectively.
an association with post-operative complications in
a meta-analysis. Results from more recent studies
are mixed.

Upper Gl Only one recent study was identified - this found no | One recent study reports an

association with post-operative complications,
mortality or hospital LOS.

optimal cut-off of 17.0
ml/kg/min for all outcomes
(sensitivity 70% and specificity
53%).
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Multiple

Oesophagogastrectomy and colorectal cancer - only
one study was identified which found no association
with post-surgical complications.

None reported

Pancreatic

Only one study was identified - this had mixed
findings for morbidity and mortality.

The study used a cut-off of 17
ml/kg/min for all outcomes.

Bariatric

Bariatric surgery - Moran et al. (2016) did not find
sufficient evidence to determine whether there was

One recent study used a cut-off
of 15.8 ml/kg/min for

an association with mortality. Since then, one study | outcomes.

has found no association with post-operative

complications or LOS.

7.2.3. Ventilatory equivalent for CO2 (VE/VCO2)
Figure 4. Summary of findings: VE/VCO2
Intra . Upper Gl
ab- | Liver | aaa | Colo- | Pan- | Upper | Bari- | “g’
. rectal | creatic Gl atric
dominal rectal
Post-operative survival

Post-operative morbidities

Critical care usage

Length of hospital stay

Length of CCU/ITU stay

Hospital readmission

HRQOL

Post-operative pain

Il Strong evidence of association

[l strong evidence of no association [Il] Limited evidence of no association

[ ] Limited evidence of association

Table 4. Summary of findings: VE/VCO2

Type of

Findings

[ ] Equivocal/uncertain evidence of association

]

No evidence identified

Cut-off point

surgery

association with postoperative morbidity at 30 days

Any intra- The Moran et al. (2016) review found an Moran et al. (2016) used a
abdominal association with morbidity and mortality at 90 cut-off of 34 ml/kg/min for
days. They report that one study was identified morbidity and mortality. The
which found an association with LOS. study identified reporting LOS
used a cut-off of 33
ml/kg/min.
Liver The Moran et al. (2016) review found an Moran et al. (2016) used a
resection & | association with postoperative morbidity at 30 cut-off of 34.5 ml/kg/min for
transplant days. Two studies since then report mixed findings | morbidity.
for morbidity and one found no association with
hospital and CCU LOS.
AAA repair The Moran et al. (2016) review found an One recent study used a cut-

off of 42 ml/kg/min to assess
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and of mortality at 30 and 90 days and >2 years.
The three studies since then report mixed findings
for morbidity and mortality. One study reported no
association with hospital LOS.

the association with
mortality. While another used
a cut-off of 34 ml/kg/min.

Colorectal

The Moran et al. (2016) review found one study
which reported an association with hospital LOS.
Since then, three studies have been published. Of
these, two report no association with LOS. All
three studies have found no association with
morbidity. Two of the studies have found an
association with mortality.

The recent studies have used
cut-offs of 30.9, 34 and 39
ml/kg/min.

Pancreatic

The Moran et al. (2016) review found VE/VCO2 may
be predictive of post-operative mortality in
hospital and at 30 days.

Upper Gl

One recent study found an association with post-
operative complications but not mortality or LOS.

The study used a cut-off of 17
ml/kg/min.
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Table 5. Systematic review: Moran et al. (2016)

Included studies

PICO

Observations and quality

Total number of included studies: 37

By surgical procedure

Hepatic transplant and resection: 7 studies
Abdominal aortic aneurysm (AAA) repair: 5 studies
Colorectal surgery: 4 studies

Pancreatic surgery: 4 studies

Renal transplant: 2 studies

Upper gastrointestinal surgery: 3 studies

Bariatric surgery: 2 studies

Did not differentiate between intra-abdominal
procedures: 10 studies

Search period: up to May 2015

Research objective: to assess the prognostic ability
of CPET in predicting post-operative outcome
associated with non-cardiopulmonary intra-
abdominal surgery

Population: adult patients undergoing non-
cardiopulmonary intra-abdominal surgery

Intervention: preoperative CPET

Reference standard: any or no reference standard
permitted

Outcomes measured:
All-cause mortality

Morbidity (including: all complications; pulmonary,
infectious, renal, gastrointestinal, cardiovascular,
neurological, and haematological)

Length of stay (including: overall length of stay in
hospital, intensive care unit, high-dependency unit,
and critical care unit admission and length of stay)

The inclusion criteria was limited to
adult populations.

No studies were reported to be
excluded on the basis of
intermediate or minor surgery.

Goodyear et al. (2013) was not
included - it is unclear if this was
excluded and if so, why.

Studies reported to be assessed using
QUIPS tool but no information on
study quality reported.

Author’s observations

following cut-points are used:

ml/kg/min.

« Abdominal aortic aneurysm repair - mortality at 90 days: VO2 peak 15 ml/kg/min.

This review recommends that CPET is included in the preoperative assessment of liver, pancreatic, and intra-abdominal surgery and AAA repair and that the

» Hepatic transplant and resection - mortality at 90 days: AT 9 ml/kg/min; mortality at 3 years: AT 11.5 ml/kg/min; and ICU/CCU admission: AT <9.9-11
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 Pancreatic surgery - LOS and morbidity: AT 10.0-10.1 ml/kg/min.

« Intra-abdominal surgery - mortality: AT 10.9 ml/kg/min; morbidity: AT <10.1 ml/kg/min; and patients with AT 10.1-12.0 ml/kg/min should be treated with
caution.

AT is considered the optimal predictor of outcome in liver, pancreatic, and intra-abdominal surgery.

Results

Post-operative survival

Note: values are statistically significant unless otherwise reported

Exercise capacity variables Cardiorespiratory variables
Surgical procedure AT assessed, by follow-up period VO, peak assessed, by follow-up period VE/VCO; assessed, by follow-up period
Hepatic resection and | At 30 days (n = 1): <9.9 ml/kg/min At 100 days (n = 1): [predicted] <60%
transplant At 90 days (n = 1): 9.0 ml/kg/min (sensitivity | At 22 years (n = 1): 216.5 ml/kg/min
(7 studies) 90.7%, specificity 83.3%)
At 100 days (n = 1): [predicted] <50% At 1 year (n = 1): survivors had a
At 22 years (n = 1): <11.5 ml/kg/min significantly different VO, peak vs non-

survivors (18.6 vs 17.1 ml/kg/min
At 1 year (n = 1): survivors had a significantly | respectively)

different median AT vs non-survivors (11.7 vs
9.8 ml/kg/min respectively)

AAA (4 studies) At 30 days (n = 1): <10.2 ml/kg/min At 90 days (n = 1): <15 ml/kg/min At 30 days (n = 1): NR

At >2 years (n = 1): NR At 1 year (n = 1): NR, not significant At 90 days (n = 1): NR
At >2 years (n = 1): <15 ml/kg/min At >2 years (n = 2): NR & >42 ml/kg/min
at AT

Colorectal (3 studies) At 30 days (n = 1): <11.0 ml/kg/min At 1 year (n =1): <10.6 ml/kg/min
At 90 days (n = 1): <11.0 ml/kg/min
At >2 years (n = 1): <11.0 ml/kg/min

Pancreatic (4 studies) | In hospital (n = 1): NR, not significant In hospital (n = 1): NR
At 30 days (n = 1): <10.1 ml/kg/min is not At 30 days (n = 1): >41
significant
Follow-up not reported (n = 1): NR, not
significant

Bariatric (1 study) At 30 days (n = 1): NR
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Any intra-abdominal
(5 studies)

In-hospital (n = 1): <10 ml/kg/min
At 30 days (n = 1): not significant
At 90 days (n = 1): 10.9 ml/kg/min

=1
At 1 year (n = 1): not significant

At >2 years (n = 1): not significant

FU not reported (n = 2): both <11 ml/kg/min

At 90 days (n = 1): 34

NR = not reported

Morbidity

Note: values are statistically significant unless otherwise reported; type of post-operative complications not reported

Surgical procedure

Exercise capacity variables

Cardiorespiratory variables

AT: level assessed, by follow-up

VO; peak: level assessed, by follow-
up

VE/VCO; assessed, by
follow-up

Heart rate assessed, by
follow-up

Hepatic resection and
transplant (3 studies)

At >90 days (n = 1): <11.5 ml/kg/min

At 30 days (n = 1): 34.5
ml/kg/min [at AT]

At 30 days (n = 1): NR [at
AT]

At 30 days (n = 1): NR [at
V02 peak]

AAA (2 studies)

In hospital (n = 1): <10 ml/kg/min

In hospital (n = 1): NR
At >90 days (n = 1): not significant

In hospital (n = 1): NR

Colorectal (3 studies)

At 30 days (n = 1): <10.1 ml/kg/min
At 90 days (n = 1): <10.6 ml/kg/min

At 30 days (n = 1): 16.7 ml/kg/min
At 90 days (n = 1): <18.6 ml/kg/min
At 30 days (n = 1): significantly
associated with medical
complications but not surgical or all
complications

Pancreatic (4 studies)

In hospital (n = 1): <10 ml/kg/min is
predictive of post-operative pancreatic
fistula and major intra-abdominal abscess
BUT not significant of cardiac or pulmonary
complications

At 30 days (n = 1): <10.1 ml/kg/min

Follow-up not reported (n = 1): patients
with no complications had a significantly
different mean AT (14.1 vs 11.3 ml/kg/min
respectively)

Page 19 of 93




Upper gastrointestinal
(2 studies)

Follow-up not reported (n = 1): those with
complications significantly different to no
complications (9.9 vs 11.2 ml/kg/min
respectively)

Follow-up not reported (n = 1): VO,
maximum was significantly different
in those with cardiopulmonary
complications vs those without
Follow-up not reported (n = 1): peak
was not significant for
cardiopulmonary complications

Bariatric (2 studies)

In hospital (n = 1): <11 ml/kg/min

At 30 days (n = 1): <18.5 ml/kg/min

Any intra-abdominal
(4 studies)

In hospital (n = 1): <12 ml/kg/min
At 30 days (n = 1): <10.6 ml/kg/min

In hospital (n = 1): those with POMS <1 had
a significantly different AT to those with
POMS >1 (11.9 vs 9.1 ml/kg/min
respectively)

At 90 days (n = 1): those with complications
had a significantly different AT to those
without (10.6 vs 11.8 ml/kg/min
respectively)

At 30 days (n = 1): <14.0 ml/kg/min

At 90 days (n = 1): those with
complications had a significantly
different VO2 to those without (14.3
vs 15.4 ml/kg/min respectively)

At 90 days (n = 1): those
with complications had a
significantly different
VE/VCO2 to those without
(33.3 vs 30.3 respectively)

At 7 days (n = 1): (i) heart
rate at AT, (ii) difference
between heart rate from
rest to AT, & (iii) % of
predicted AT achieved
were significant predictors

Length of stay

Surgical procedure

Exercise capacity variables

Cardiorespiratory variables

AT: level assessed, by type of LOS

VO; peak: level assessed, by type of
LOS

VE/VCO; assessed, by type of
LOS

Hepatic resection and transplant

(4 studies)

Hospital LOS (n = 2): <9.2 ml/kg/min & NR
ICU/CCU LOS (n = 2): <9.9 & <11 ml/kg/min

Hospital LOS (n = 1): NR
ICU/CCU LOS (n = 1): <13.4 ml/kg/min

AAA (1 study)

Hospital LOS (n = 1): <10 ml/kg/min
ICU/CCU LOS (n = 1): <10 ml/kg/min

Colorectal (2 studies)

Hospital LOS (n = 2): <11 ml/kg/min & NR

Hospital LOS (n = 1): NR

Hospital LOS (n = 1): NR

Pancreatic (2 studies)

Hospital LOS (n = 2): <10 ml/kg/min is predictive of a
median of 6 days longer LOS; & <10.1 ml/kg/min is
predictive of a median of 29.4 days LOS compared to a
median of 17.5 days (>10.1 ml/kg/min)

Renal transplant (1 study)

ICU/CCU admission (n = 1): NR

Upper gastrointestinal (1 study)

Hospital LOS (n = 1): not significant at <11 ml/kg/min
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Bariatric (2 studies) Hospital LOS (n = 1): <11.4 ml/kg/min is predictive of | Hospital LOS (n = 1): NR

<3 days LOS
Any intra-abdominal (3 studies) Hospital LOS (n = 3): <10, <11 & NR ml/kg/min ICU/CCU admission (n = 1): Hospital LOS (n = 1): 233
ICU/CCU LOS (n = 1): <10 ml/kg/min significantly different between 14.9 vs

16.5 ml/kg/min

Authors’ observations

Post-operative survival

Exercise capacity variables Cardiorespiratory variables
Surgical procedure AT assessed, by follow-up period VO; peak assessed, by follow-up period VE/VCO; assessed, by follow-up period
Hepatic resection and | A minimal AT of 9 ml/kg/min can predict Appears beneficial at predicting mortality
transplant short-term mortality (up to 90 days). after liver surgery, but the evidence is
(7 studies) An AT of at least 11.5 ml/kg/min may predict | weaker than that for AT.
long-term mortality (=1 year)
AAA (4 studies) Only one study did not find VO2 to be

predictive. Further studies are needed to
allow for suitable comparison. A VO2 peak
cut-off of 15 ml/kg/min is a good starting
point because it is predictive of 90 day
mortality and at (median) 26 months.

Colorectal (3 studies) Appears to be beneficial but it is difficult to Appears to be beneficial but it is difficult

draw conclusions due to the low rate of to draw conclusions due to the low rate of
mortality. mortality.
Pancreatic (3 studies) | Preoperative AT is not predictive of post- VE/VCO2 may be able to predict post-
operative mortality after pancreatic surgery. operative survival. Further studies are
required to determine the validity of
VE/VCO2.
Bariatric (1 study) There was only one death and the results
of this study cannot solely predict post-
operative mortality
Any intra-abdominal This review suggests that an AT of 10.9 It may also be beneficial to explore the
(5 studies) ml/kg/min may have good clinical utility. prognostic ability of other variables in

addition to AT.
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Morbidity

Surgical procedure

Exercise capacity variables

Cardiorespiratory variables

AT: level assessed, by follow-up

VO, peak: level
assessed, by follow-up

VE/VCO; assessed, by
follow-up

Heart rate assessed, by
follow-up

(3 studies)

Hepatic resection and transplant

required.

Preoperative CPET shows possible benefit for predicting post-operative complications after liver surgery, but further studies are

Colorectal (3 studies)

The data regarding preoperative CPET as a predictor of post-operative morbidity are strong, but further research is needed to quantify
a level of aerobic fitness that is protective against complications

Upper gastrointestinal (2 studies)

results are optimistic.

There have been too few studies to conclude whether CPET is predictive of post-operative morbidity after upper Gl surgery, but the

Bariatric (2 studies)

optimal variable and cut-off point.

CPET shows potential for determining patients at risk of post-operative complications, but further studies are required to quantify the

Any intra-abdominal (4 studies)

AT is the strongest predictor of post-operative morbidity.
Patients with AT <10.1 ml/kg/min should have
appropriate measures adopted to ensure a smooth post-
operative outcome. Any patients with an AT between 10.1
and 12 ml/kg/min should be considered with caution.

Length of stay

Surgical procedure

Exercise capacity variables

Cardiorespiratory variables

AT assessed, by follow-up period

VO; peak assessed, by follow-up period

VE/VCO; assessed, by follow-up period

Hepatic resection and
transplant
(7 studies)

AT appears to be predictive of ICU or CCU
admission after liver surgery. Further studies
are needed to draw a definitive conclusion.

The evidence for VO; as a predictive
factor of LOS and ICU admission is weaker
than that for AT

AAA (4 studies)

AT was reported to be predictive of CCU and
overall hospital LOS in open AAA repair but
not endovascular aneurysm repair.

Colorectal (3 studies)

The prognostic ability of CPET appears viable;
however, more research is needed to validate
the ability of AT to determine LOS.

Pancreatic (3 studies)

An AT of 10-10.1 ml/kg/min appears to be
predictive of LOS after pancreatic surgery.
This may be used in current practice to guide
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post-operative care. Future studies will be
required to validate this result.

Upper gastrointestinal
(1 study)

CPET appears unable to determine LOS after upper Gl surgery but there have been few studies in this area.

Bariatric (2 studies)

The literature suggests that CPET is able to identify patients subject to increased LOS, but a consensus on the optimal CPET variable
and cut-point is required.

Any intra-abdominal
(3 studies)

The prognostic ability of CPET in predicting LOS after intra-abdominal surgery is strong; however, a consensus needs to be reached on
the optimal variable.
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Table 6. Systematic review Ney et al. (2016)

Included studies

Total number of included studies: 7
Ow et al. (2014), UK, (n=164)

Bernal et al. (2014), UK, (n=399)
Neviere et al. (2013), France, (n=263)
Galant et al. (2013), Brazil, (n=27)
Prentis et al. (2012), UK, (n=60)
Dharancy et al. (2008), France, (n=135)
Epstein et al. (2004), USA, (n=59)
Total n = 1,107

Length of follow up: 3-36 months
Search period: up to March 2016

Results

Post-operative survival

PICO

Research objective: to determine the prognostic value of CPET-related
variables for pre- and post-transplant mortality, and whether these remain
predictive after adjustment for liver disease severity.

Population: patients diagnosed with cirrhosis, being worked up for liver
transplant, aged >18 years.

Intervention: preoperative CPET. 5/7 studies used a cycle ergometer and
2/7 used a treadmill.

Variables included: VO2 peak; maximum rate of O2 consumption during
exercise; AT; and exercise oscillatory ventilation

AT was defined as the point at which anaerobic metabolism predominates
over aerobic causing accumulation of lactate in the blood.

Outcomes measured:

Pre- and post-transplant mortality; hospital LOS and ICU LOS.

Observations & quality

e Included observational & RCT
studies.

e Overlaps with Moran et al.
(2016) review.

e All studies were non-randomised
cohort studies. 6/7 had a low
risk of bias and 1/7 had a
moderate risk of bias.

Authors’ observations

Exercise capacity variables
Study AT assessed, by follow-up period VO; peak assessed, by follow-up period
Ow et al. At 1 & 2 years: <17.6 ml/kg/min; p<0.001 (96.9% vs
(2014) 72.7% for <17.6 vs >17.6 ml/kg/min)
Sensitivity 0.86 (95% CI 0.42 to 1.00); specificity 0.64
(95% C1 0.49 to 0.77)
Galant et At 2 & 3 years: <14 ml/kg/min; p<0.001 (80% vs 40%
al. (2013) for <14 vs >14)

As different CPET parameters, CPET cut-off
values, and timing of mortality evaluation
were utilised, we were unable to determine
a threshold for mortality based on the
analysed data.

Six studies evaluated post-transplant
survival based on pre-transplant CPET
values. On univariate analysis, four studies
evaluated peak VO2 and three evaluated
each of which found these parameters to be
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Sensitivity 0.86 (95% Cl 0.42 to 1.00); specificity 0.45
(95% CI 0.23 to 0.68)

Epstein At 100 days: <50% predicted; OR 14.1; p=0.03 At 100 days: <60% predicted; OR 14.1; p=0.03 when
(2004) when combined with low VO2 peak combined with low AT
Sensitivity 0.67 (95% CI 0.22 to 0.96); specificity 0.77
(95% Cl1 0.64 to 0.88)
Prentis et At 1 year: mean AT survival vs non-survivors OR At 1 year: mean VO2 peak was 14.8 vs 12.5
al. (2012) 3.84 (95% Cl 1.17 to 12.58); p=0.02 ml/kg/min in survivors vs non-survivors; p=0.17 (not
At 1 year: mean AT was 12 vs 8.4 ml/kg/min for significant)
survivors vs non-survivors; p<0.001
Bernal et At 1 year: mean AT 11.7 vs 9.8 ml/kg/min for At 1 year: mean VO2 peak 15.9 vs 17.1 ml/kg/min for
al. (2014) survivors vs non-survivors; p=0.04; hazard ratio survivors vs non-survivors; p=0.85; in multi-variable
0.88 (95% Cl 0.69 to 0.98); p<0.05 p= not significant
Neviere et At 1 year: mean AT 12.4 vs 11.9 ml/kg/min in At 1 year: mean VO2 peak 18.6 vs 17.1 ml/kg/min in
al. (2014) survivors vs non-survivors; p=0.53 not significant survivors vs non-survivors; p=0.02; in multi-variable
p= not significant
Meta- Mean difference in AT between survivors vs non- Mean difference in VO2 peak between survivors vs
analysis survivors 2.0 (95% Cl 0.42 to 3.59) ml/kg/min; non-survivors 0.77 (95% Cl -1.36 to 2.90) ml/kg/min;
(n=3) p=0.01 p=0.48 not significant

Length of stay

Post-transplant length of hospitalisation was lower for patients with better CPET scores, but only significantly
so in one study. Post-operative ICU lengths of stay were assessed in two studies, both of which found
significantly lower ICU requirements for patients with better exercise capacities.

predictive of post-transplant mortality.
Using multivariable regression methodology,
four of the studies established CPET
parameters to be independent predictors of
post-transplant mortality

As with the pre-transplant mortality
analysis, the post-transplant studies also
varied in their CPET test characteristics
precluding determination of an aggregated
‘mortality threshold’. The provided CPET
thresholds varied between an AT of <9% and
<50% predicted and VO2 thresholds of <14
mL/kg, <17.6 ml/min/kg, and <60%
predicted. Moreover, the studies varied in
their timing of post-transplant mortality
assessment, ranging between 100 days and
1-3 years.
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Table 7. Systematic review: Lee et al. (2018)

Included studies PICO Quality Observations/notes
Total number of included studies: 7 Research objective: to evaluate the role of CPET and |Study design: Systematic e Prevalence and
field walk tests in assessing functional capacity in adult |review and meta-analysis incidence figures often

Nutt et al. (2012), Northern Ireland

patients undergoing colorectal surgery. reported in tables for

(n=120) Population: adult patients undergoing colorectal Risk of blas: LO5 and mortality, but
Lai et al. (2013), England (n=269) sur[;,ery witﬁ an ob?ective measurge ofgphysical fitness Studies slco(r)ed 6-8 on t?e direct comparisons
West et al. (2014), England (n=25) prior to surgery. 83.2% were undergoing surgery for Eewcast e-Ottawa Quality rarely m‘ade or
colorectal cancer. Assessment Scale, ' associations rarely
West et al. (2014), England (n=136) indicating good quality. calculated (n=1 and n=2
Intervention: objective measure of physical fitness respectively).

West et al. (2014), England (n=95) prior to surgery e.g. CPET, field walk test. All studies
Nikolopoulos et al. (2015), England (n= |assessing CPET (6) used a stationary cycle with ramped

69) protocol. AT was defined using V-slope method.
West et al. (2016), UK (n=703) Studies assessing prehabilitation were excluded.
Total n = 1,418 Outcomes measured: Surgical outcomes including: LOS,

Length of follow up: 30 days - 2 years complication rate, or mortality.

Search period: up to November 2017

Results Authors’ observations

Mortality The meta-analysis showed that pooled AT
and pooled VO2 peak were associated with
reduced postoperative complication rates.

One study which was previously included in the Moran et al. (2016) review.

Study AT assessed, by follow-up period Using the pooled data from 4 studies.
Lai et al. At 30 days - unable to obtain AT: 15% vs AT <11: 3% vs AT > 11: 2% (p<0.01) Patients' hacj significantly increaseq risk of
(2031?’)’ At 90 days - unable to obtain AT: 19% vs AT <11: 7% vs AT > 11: 3% (p<0.01) Se\l/r(:]lc?r?a]lrrlf lgzzcglvgé)r\ggﬁggé'gﬁlsfd':’otvhaesvcl)a{,
median . o . P u , icati i

At 2 years - unable to obtain AT: 42% vs AT <11: 20% vs AT > 11: 11% (p<0.01) at AT was <10.1 to 11.0 ml/kg/min. AT,
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Morbidity

Based on four studies, two of which were previously included in the Moran et al. (2016) review.

OR (95% Cl) for post-operative Random effects model
S p-value
complications
Pooled AT 0.76 (0.66 to 0.85) p<0.0001 K=5;12=73.1%
Pooled VO2 peak 0.76 (0.67 to 0.85) p<0.0001 K=4;12=73.8%

Based on four studies, two of which were previously included in the Moran et al. (2016) review.

Below AT cut-point Above AT cut-point
Type of complication (<10.1 to 11.1 (<10.1 to 11.1 p-value
ml/kg/min), n ml/kg/min), n
Infection 132 50 p<0.001
Wound dehiscence 38 16 p<0.001
Pulmonary 84 23 p<0.001
Cardiovascular 32 13 p<0.001
Gastrointestinal 131 59 p<0.001
Anastomotic leak 6 5 0.644

LOS - hospital

Lower AT correlated with prolonged hospital stay in two of the studies. Both studies were previously included in

the review by Moran et al. (2016).

VO, peak assessed, by

VE/VCO2 at AT assessed, by

Study AT assessed, by follow-up period follow-up period follow-up period

Lai et al. At 2 years - unable to obtain AT:

(2013), 14.0 vs AT <11 ml/kg/min: 9.9 vs AT

median > 11 ml/kg/min: 7.1 days (p<0.01)

West et al. . _ Reduced LOS if VO2 peak Reduced LOS if VE/VCO2
(2014) Reduced LOSif AT >10.1 (p=0.003) | ¢ 7"(/kg/min (p=0.003) | peak <32.9 (p=0.0001)

however, was not predictive of anastomotic
leak.
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8. Clinical effectiveness question 2: in people undergoing major intra-
abdominal surgery, what is the effect of adding preoperative CPET to
standard preoperative assessment on post-operative outcomes?

We identified two studies which met the inclusion criteria for this review question - both
were single-centre, retrospective cohort studies. Study design and outcomes for both are
summarised in Table 8. One study compared outcomes in people undergoing AAA repair, with
and without CPET as part of their preoperative assessment (Goodyear et al. 2013). From
November 2007 to July 2011, when CPET was introduced at the study centre, 188 people
underwent CPET. A control group of 128 consecutive individuals who underwent open or
endovascular AAA repair (EVAR) between January 2003 and October 2007 and did not receive
CPET was used for comparison. Patients were identified as high risk if they had AT <11
ml/kg/min and were not offered open AAA repair as a result.

In people who had CPET before open AAA surgery, the incidence of 30-day mortality was
lower than those who did not have CPET (4.0% vs 12.6%; OR 0.29 (95% CI: 0.09 to 0.92)).
There was insufficient data on EVAR patients to allow comparison of mortality rates. Length
of inpatient stay or intensive therapy unit stay following open AAA surgery was shorter for
people who had preoperative CPET than those who did not. Length of inpatient stay for
people who had EVAR was not significantly different between the two groups; there was
insufficient data on intensive care unit stay in this group to allow comparison. It is important
to note that statistically significant associations may not result from causality.

The second study looked at outcomes in patients undergoing elective colorectal cancer
resection aged >80 years, with and without pe-operative CPET (Chan et al. 2016).
Recruitment took place during March 2011 to September 2013. Referral for CPET was at the
discretion of the surgeon - in total, 48 patients had CPET and 46 did not. Patients were
identified as high risk if they had AT <11 ml/kg/min and were assessed whether a period of
combined level 1-3 care in ICU or CCU was needed (those with >11 ml/kg/min were managed
on the ward). Patients who underwent CPET were more likely to have a planned CCU
admission post-operatively (p<0.0001). There was no difference between those who
underwent CPET and those who did not in unplanned CCU admission, overall LOS, CCU LOS,
overall post-operative complications, severe complications, or mortality at 30 days.
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Table 8. Included study characteristics and results

Descriptive
details

Goodyear et al. (2013)

Observations & quality

n=2316

CPET = 188;
historical control =
128

Median age (range):
NR

Recruitment period:
November 2007 -
July 2011

Study design:
retrospective. Single
centre: University
Hospitals Coventry
and Warwickshire
NHS Trust.

Population: Adult patients
undergoing open abdominal aortic
aneurysm (AAA) repair or
endovascular aneurysm repair
(EVAR)

Intervention: Preoperative
cardiopulmonary exercise testing
(CPET)

CPET-pass (minimum anaerobic
threshold of 11.0 ml/kg/min): EVAR
or open AAA repair.

CPET-fail (minimum anaerobic
threshold < 11 ml/kg/min): EVAR or
conservative management or open
repair (if EVAR is contraindicated
and open repair is requested by the
person undergoing surgery following
careful discussion)

Comparison: Open or endovascular
AAA repair without CPET

Outcomes measured: Length of
inpatient stay; Duration of ITU stay;
30-day mortality

Study design: non-randomised retrospective cohort
with historic control group and without regression
analysis.

The population focuses on people being considered
for elective AAA repair and does not refer to those
being considered for EVAR. People were identified
for the control cohort who underwent either open
AAA or EVAR, irrespective of what surgery they
were considered for initially. This could introduce
selection bias.

Baseline ASA grades not reported

The comparator cohort consists of individuals who
underwent either open (n=103; 80.5%) or EVAR
(n=25; 19.5%) whereas, in the intervention cohort,
26.5% of people (n=61) received no intervention
including 42 people (18.3%) who received
conservative management. However, the study
reports results by surgery type (open AAA and
EVAR) and omits the people who received
conservative management

43.5% of people received open repair (n=100) and
30% received EVAR (n=69) in the intervention
cohort, whereas in the comparator cohort 80.5%
received open AAA repair and 19.5% received
EVAR. No regression analysis was conducted to
control for type of surgery.

Post-operative mortality - at 30 days

Type of Absolute effect Relative effect
surgery
Open AAA | No CPET: 12.6% OR: 0.29 (95% Cl:
surgery CPET: 4.0% 0.09 to 0.92, p<0.05)
EVAR No CPET: 0%

CPET:1.4% (p =1)

Length of stay (LOS)

Type of Absolute effect

surgery

Relative
effect

In-patient stay (median, 95% ClI)

p>0.05

Open AAA | No CPET:13 days, 13.9 to 19.0

surgery CPET: 10 days, 10.3 to 13.5
p<0.001

EVAR No CPET: 6.0 days, 5.3 to 8.6

CPET: 4.0 days, 4.6 to 6.7

Intensive therapy unit stay (median, 95% ClI)

Open AAA | No CPET:4 days (5.5 to 11.2)

surgery CPET:3 days (3.2 to 4.4)
p<0.01

EVAR No CPET: NR

CPET:4 (95% Cl 4.6 to 6.7)
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Descriptive
details

Chan et al. (2015)

Observations & quality

Results

n =94

CPET = 48; no CPET =
46

Mean age: 85 vs 83
years for CPET and
no-CPET respectively

Recruitment period:
March 2011 -
September 2013

Study design:
retrospective. Single
centre: Royal Devon
and Exeter Hospital

Population: patients undergoing
elective colorectal cancer
resection, aged >80 years.

Intervention: CPET using a cycle
ergometer and metabolic cart.
Ramp protocols were individually
predetermined with the aim of
delivering the exercise programme
within the recommended 7-9
minutes.

Comparison: Not referred for CPET.

Outcomes measured: overall LOS,
LOS in CCU, planned admission to
CCU, unplanned admission to CCU,
all complications, severe
complications (defined using
Clavien-Dindo criteria).

Study looked at the predictive ability of CPET in
those aged >80 years.

A plan for post-operative care was made on the
basis of CPET findings (AT <11 ml/kg/min was
considered high risk of complications), clinical
assessment and magnitude of proposed surgery -
whether or not to include a period of Level 1-3
care in the ICU or CCU or whether the patient
should be managed on the ward.

Referral for CPET was at the discretion of the
surgeon. Criteria for referral were not reported.

Linear regression analysis of predictive variables
only.

Study also compared patient groups: unplanned vs
planned admission to CCU, and assessed CPET
variables for predictive ability (see question 1).
Multiple testing was undertaken. No adjustment
for this was reported.

Post-operative mortality

Qutcome

No. of patients

Mortality at 30
days

No CPET: 4/46
CPET: 1/48 (p=0.20)

Post-operative morbidity

Outcome No. of patients
Planned CCU No CPET: 2

admission CPET: 24 (p<0.0001)
Unplanned CCU | No CPET: 8/46
admission CPET: 4/48 (p=0.23)
Any No CPET: 21/46
complications CPET: 18/48 (p=0.53)
Complications No CPET: 11/46

grade 2l CPET: 7/48 (p=0.30)

Length of stay (LOS)

Qutcome

Overall LOS in CCU

No CPET: 5 (1-12)

LOS in CCU:

unplanned admission

No CPET: 7 (1-12)

Overall LOS

No CPET: 8 (3-52)
CPET: 7 (3-22)
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(p=0.42)




9. Ongoing trials

We identified one ongoing trial of possible relevance: “A comparison study of different
methods to check for fitness before major non-cardiac surgery.” This trial will compare CPET
to other methods of measuring functional capacity (six minute walk test, NT pro-BNP and a
questionnaire) to predict mortality and morbidity. The study includes people undergoing any
non-cardiac surgery, which is highly likely to include types of surgery other than intra-
abdominal surgery. Trial design and characteristics are summarised in Table 9. The date of
study completion is not known.

We did not identify any ongoing trials assessing the effect of adding preoperative CPET to
standard preoperative assessment on post-operative outcomes.

Table 9. Ongoing trial: design and characteristics

Study information  Status Study design and outcomes

Registration: Clinical | Unclear. Prospective observational study.
Trials Registry-India. | Trial status

CTRI/2018/03/012779 | is given as Population: adults (aged 18-80 years) scheduled to undergo

elective non-cardiac surgery

s ‘Not yet
Country: India recruiting,” | Intervention: CPET
Target n.ec'rmtment: b.Ut date of Comparator: other methods of functional assessment (six
500 participants first . : .
l ti minute walk test, NT pro-BNP or questionnaire)
Follow-up: 3 years enroiment 1s .
listed as Primary outcome:
April 2018. I .- .
Prediction of all cause death or nonfatal morbidity using each
Last method of functional assessment
updated:
Secondary outcomes:
22 Jan 2019

Sensitivity and specificity of each method of functional
assessment

Cost effectiveness of each method of functional assessment
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10. Cost effectiveness

10.1. Health economic literature review

The titles and abstracts of 1,928 records identified in the search for this research question
were screened and four health economic studies were deemed potentially relevant. The full
texts of these studies were reviewed against the inclusion/exclusion criteria.

One relevant health economic study was included in this review and is summarised in Table
10 (Goodyear et al. 2013). The study is a non-randomised retrospective cohort study with a
historic control group and was also considered as a source of clinical effectiveness evidence
(see Section 6). The results of the study are presented as subgroups by type of surgery. For
the subgroup of people undergoing open AAA repair, there were cost savings of £4,408 when
CPET was introduced compared with a control group who did not receive CPET. Costs were
not reported for other surgical subgroups. The study also reports a shorter length of inpatient
stay both for people undergoing open AAA repair and endovascular AAA repair and a shorter
duration of intensive therapy unit stay for people undergoing open AAA repair. The study
notes that this comparison was not possible in the EVAR group due to the small number of
people requiring intensive therapy unit care having undergone EVAR. The study found a
significant improvement in 30-day mortality in the CPET era compared with pre-CPET in the
open AAA subgroup and no difference in the EVAR subgroup. However, due to the lack of
regression analysis to control for possible confounders, this difference cannot necessarily be
attributed to CPET.

Due to the limitations detailed in Table 10, the cost effectiveness of CPET compared with no
CPET remains uncertain.

Following consideration of the full texts against the inclusion/exclusion criteria, three studies
were excluded from the review. Chakkera et al. (2018) was selectively excluded due to the
presence of more applicable UK-based evidence. The study is not a formal economic analysis.
The second study was excluded as it is a conference abstract and so it was not deemed
feasible to assess quality (Chakkera et al. 2013). The third study was excluded as it has
limited applicability due to the age of the study and the setting (USA) (Froehlich et al. 2002).
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Table 10. Summary of included health economics study: Goodyear et al (2013)

Study details

Study population and design

Data sources

Quality assessment

Author and year:
Goodyear et al 2013
Country:

United Kingdom

Type of economic
analysis:

Cost consequence
analysis

Perspective:
UK NHS

Currency:

UK pound sterling (£)

Price year:
2010/2011
Follow-up:
Mortality: 30 days

Other outcomes:
hospitalisation spell only

Population

People being considered for
elective (open and endovascular)
infra-renal abdominal aortic
aneurysm (AAA) repair

Study design

Retrospective cohort study with
historical control, without

regression analysis. Single centre:

University Hospitals Coventry and
Warwickshire NHS Trust.

Data were collected from people
undergoing 230 consecutive AAA
repairs from November 2007 to
July 2011, when CPET was
introduced. 188 people
underwent CPET.

A control group of 128
consecutive individuals who
underwent open or endovascular
AAA repair (EVAR) between
January 2003 and October 2007
and not receiving CPET was
identified.

Treatment strategies

Intervention:

Source of baseline and
effectiveness data:

Outcome data were
identified by a systematic
review of the hospitals’
Clinical Results Reporting
System and case notes.

Information relating to
length of intensive therapy
unit stay and the number of
end organs supported was
obtained from the intensive
therapy unit digital registry.

Mortality data were sourced
from the hospitals’
Bereavement Services
Department and by liaison
with primary care providers.

Source of resource use and
cost data:

CPET one-off tariff £150

Tariffs for intensive therapy
unit and ward stays were
obtained from the
Department of Health Report
2010/2011 for UHCW via the
Finance Section of the

Non-operative, fully
absorbed costs of inpatient
stay (mean, 95% Cl):

Open AAA Surgery

Pre-CPET: £9,637, £7,768 to
£11,510

CPET: £5,229, £4,452 to
£6,006

Incremental: Saves £4,408
Pdifference<0-001

Length of inpatient stay
(Median, 95% Cl)

Open AAA surgery

Pre-CPET:13 days, 13.9 to
19.0

CPET: 10 days, 10.3 to 13.5
pdifference<o-001

EVAR

Pre-CPET: 6.0 days, 5.3 to
8.6

CPET: 4.0 days, 4.6 to 6.7
Pdifference<0-05

Applicability

Analysis is directly applicable as it
considers the UK NHS perspective
and fits the population ‘people in
whom major, major plus or major
complex intra-abdominal surgery is
planned or indicated

Limitations
Study design non-randomised
retrospective cohort with
historic control group and
without regression analysis.

e The population focuses on
people being considered for
elective AAA repair and does
not refer to those being
considered for EVAR. People
were identified for the control
cohort who underwent either
open AAA or EVAR, irrespective
of what surgery they were
considered for initially. This
could introduce selection bias.
Baseline ASA grades not
reported

e The comparator cohort consists
of individuals who underwent
either open (n=103; 80.5%) or
EVAR (n=25; 19.5%) whereas, in
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Study details

Study population and design

Data sources

Results

Quality assessment

Discounting:

n/a

Source of funding:

No specific grant
received from any
funding agency in the
public commercial or
not-for-profit sectors

Potential conflict of
interest:

None

Preoperative cardiopulmonary
exercise testing (CPET)

CPET-pass (minimum anaerobic
threshold of 11.0 ml/kg/min):

EVAR or open AAA repair.

CPET-fail (minimum anaerobic
threshold < 11 ml/kg/min):

EVAR or conservative
management or open repair (if
EVAR is contraindicated and open
repair is requested by the person
undergoing surgery following
careful discussion)

Comparator:

Open or endovascular AAA repair
without CPET

Information Services
department.

Intensive therapy unit cost
data were calculated on an
individual basis. A variable
tariff applied, based upon
the total number of end
organs postoperatively
supported multiplied by the
duration of intensive therapy
unit stay.

Ward costs were calculated
by multiplication of a
standard tariff by duration of
ward stay. Financial analysis
did not consider the costs of
staff, equipment and
consumables

Length of intensive therapy
unit stay (Median, 95% Cl)

Open AAA surgery
Pre-CPET:4 days, 5.5 to 11.2

CPET:3 days, 3.2 to 4.4
Pdifference <0.01

EVAR
Pre-CPET: NR
CPET:4 (95% Cl 4.6 to 6.7)

30-day mortality
Open AAA surgery

Pre-CPET: 12.6% (95% Cl:
NR)

CPET: 4.0% (95% CI: NR)

OR: 0.29 (95% Cl: 0.09 to
0.92, p<0.05)

EVAR
Pre-CPET: 0% (95% Cl: NR)
CPET:1.4% (95% Cl: NR)

Puitrerence =1

the intervention cohort, 26.5%
of people (n=61) received no
intervention including 42 people
(18.3%) who received
conservative management.
However, the study reports
results by surgery type (open
AAA and EVAR) and omits the
people who received
conservative management

o 43.5% of people received open
repair (n=100) and 30% received
EVAR (n=69) in the intervention
cohort, whereas in the
comparator cohort 80.5%
received open AAA repair and
19.5% received EVAR. No
regression analysis was
conducted to control for type of
surgery.

e Costs are only reported for open
surgery

e Cost analysis does not appear to
include cost of CPET (stated as
£150)

e Financial analysis did not
consider the costs of staff,
equipment and consumables

e No quality of life outcomes
reported

Additional notes

Patients diagnosed with thoracoabdominal or suprarenal aneurysms were excluded from the data collection in addition to individuals who had undergone
repairs of ruptured or urgent (symptomatic, non-ruptured) AAA.
188/230 (81.7%) people in the intervention cohort received CPET.
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Study details Study population and design | Data sources Results Quality assessment

19 people who underwent CPET were on the waiting list at the close of the study and so received no intervention.
Individuals who were unable to demonstrate AT during CPET due to mechanical co-morbidities, suboptimal effort, suboptimal compliance with the
investigation or ECG changes at minimal exertion (the CPET-submaximal subgroup) were managed as per the CPET-fail subgroup.

Abbreviations
95% Cl: 95% confidence intervals; AAA: abdominal aortic aneurysm; ASA: American Society of Anesthesiologist Classification; CPET: cardiopulmonary exercise

testing ; EVAR: endovascular aneurysm repair; n/a: not applicable; NR: not reported; OR: odds ratio

Page 35 of 93



10.2. Unit costs

Table 11. Unit costs of CPET

Currency Description Activity® National
Average Unit
Cost?

Cardiopulmonary Exercise Testing (Day Case) 116 £473

Cardiopulmonary Exercise Testing (Outpatient Procedure, 123 £306

General Surgery)

Cardiopulmonary Exercise Testing (Outpatient Procedure, 145 £180

General Medicine)

Cardiopulmonary Exercise Testing (Outpatient Procedure, 126 £175

Urology)

Cardiopulmonary Exercise Testing (Outpatient Procedure, 184 £179

Colorectal Surgery)

Cardiopulmonary Exercise Testing (Outpatient Procedure, 223 £286

Hepatobiliary and Pancreatic Surgery)

Cardiopulmonary Exercise Testing (Outpatient Procedure, Upper | 149 £202

Gastrointestinal Surgery)

Cardiopulmonary Exercise Testing (Outpatient Procedure, 20 £178

Gastroenterology)

Cardiopulmonary Exercise Testing (Outpatient Procedure, 99 £359

Hepatology)

Cardiopulmonary Exercise Testing (Outpatient Procedure, 52 £171

Nephrology)

Weighted average | £255.02

@Reference costs are the average unit cost to the NHS of providing defined services to NHS patients in
England in a given financial year.

Source: NHS Reference Costs 2017-2018

10.3. Population size

To estimate the number of people in Wales in whom major, major plus or major complex intra-
abdominal surgery is planned or indicated each year, a list of relevant surgeries was taken from
Moran et al. (2016). These were used to identify relevant HRGs and the corresponding numbers
of finished consultant episodes were taken from the Patient Episode Database Wales 2017/2018
(NHS Wales Informatics Service 2018). These data are given below in Table 13. The number of
people who might benefit from CPET was considered to be the difference between total finished
consultant episodes and cases listed as ‘emergency’, giving a total population size of 5,675
people.

Table 13. Estimated population of people undergoing intra-abdominal surgery per year by
specialty
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Description HRGs Finished Consultant Emergency | FCEs minus
Episodes (FCEs) Emergency
Hepatic transplant GA15 30 8 22
and resection
Abdominal aortic YQO08 20 13 7
aneurysm repair YQ09 114 52 62
YR66 13 2 11
YR67 138 15 123
Colorectal surgery FF30 203 60 143
FF31 1,414 374 1,040
FF32 635 137 498
FF33 241 26 215
FF34 180 31 149
FF35 47 9 38
FF36 801 94 707
FF40 428 125 303
Pancreatic surgery GAO3 114 6 108
GAO4 66 6 60
GAOQ5 173 28 145
Renal transplant LAO1 35 31 4
LAO2 28 17 11
LAO3 33 3 30
Gastrointestinal FF20 96 40 56
surgery FF21 461 230 231
FF22 448 108 340
FF23 87 19 68
FFO1 81 5 76
FF02 287 39 248
FFO3 19 3 16
FF04 360 99 261
FF37 2,669 2,103 566
Bariatric surgery FF10 13 0 13
FF11 8 0 8
FF12 76 0 76
FF13 47 7 40
TOTAL: | 9,365 3,690 5,675

n/a: not applicable; FCEs: finished consultant episodes; HRG: healthcare resource group (NHS England);
PEDW: Patient Episodes Database Wales

Source: Annual PEDW Data Tables, HRGv4, Welsh Residents 2017/18

10.4. Budget impact analysis

The potential budget impact for NHS Wales was assessed using a budget impact model.

Clinical evidence on how adding preoperative CPET to standard preoperative care influences
post-operative outcomes is very limited. Health economic evidence is also limited. As noted in
table 10, one study reported that CPET saves £4,408 compared with no CPET for the subgroup
undergoing open AAA surgery only. Costs were not reported for other subgroup in the study.

Due to a lack of evidence which shows that costs may be offset, the potential budget impact for
NHS Wales was assessed, incorporating the national average unit cost of CPET only. The budget
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impact analysis uses the figure for the potential eligible population as outlined in table 13, with
an assumption that all planned cases (FCEs minus emergency) undergo CPET.

Table 14. Budget impact analysis

Description Input

Weighted national average unit cost? of Cardiopulmonary | £255.02
Exercise Testing

Potential population size eligible in Wales (elective intra- | 5,675
abdominal surgery)

Budget impact® | £1,447,239

@Reference costs are the average unit cost to the NHS of providing defined services to NHS patients in
England in a given financial year. Weighted average of Cardiopulmonary Exercise Testing as day case
and as an outpatient procedure in General Surgery, General Medicine, Urology, Colorectal Surgery,
Hepatobiliary and Pancreatic Surgery, Upper Gastrointestinal Surgery, Gastroenterology, Hepatology)
and Nephrology

Source: NHS Reference Costs 2017-2018

b Sum of Finished Consultant Episodes minus emergencies, as recorded in Annual PEDW Data Tables,
HRGv4, Welsh Residents 2017/18, across HRGs: GA03, GAO4, GAO5, GA15, FF01, FFO2, FFO3, FF04, FF10,
FF11, FF12, FF13, FF20, FF21, FF22, FF23, FF30, FF31, FF32, FF33, FF34, FF35, FF36, FF37, FF40, LAO1,
LAO2, LAO3, YQO08, YQO09, YR66, YR67

‘Budget impact for NHS Wales assuming 100% uptake of CPET in the eligible population

11. Organisational issues

Expert opinion and data from a UK survey (Reeves et al. 2018) suggest there is variation in CPET
uptake, the surgical specialties in which it is used, and how the results are used to inform
patient care. While one aim of this review is to summarise the certainty of the evidence for
using CPET in different patient groups and using different predictive factors, a range of wider
factors can also influence how the test is conducted. Whilst most studies use a cycle ergometer,
a treadmill can also be used and an analysis of these two different methods is beyond the scope
of this review.

Of the studies included in the Moran et al. (2016) review, only 6% used a treadmill and not a
cycle ergometer (2/34 reporting this information). In the Lee et al. (2018) review, all six of the
studies using CPET to assess functional capacity used a cycle ergometer, while the Ney et al.
(2016) review report that 29% (2/7) used a treadmill. Of the primary studies included (n=17),
only one used a treadmill. One study used treadmill and ergometer, one used neither (reporting
only respiratory variables) and one did not report this information. All other studies used a cycle
ergometer (76%). Both types of test will also require complementary exercise laboratory
equipment and the equipment used will need space to be stored and used. Extra resources and
expertise may be needed for it to be adequately maintained, calibrated and validated.

Survey data also highlights that there is variation in the type of health professionals involved in
the conduct and interpretation of CPET, although the majority are reported by anaesthetists
(Reeves et al. 2018). It is unclear whether CPET is incorporated into an existing preoperative
appointment, or whether patients may need to attend two separate appointments where CPET
also forms part of their preoperative assessment.

Many of the studies included aimed to identify factors measured using CPET that can predict
outcomes and thresholds that can be used to divide patients according to the risks of poor
outcomes from surgery. Rose et al. (2018) highlights the challenges of stratifying patients as ‘fit’
and ‘unfit’ using individual thresholds, due to imprecision in measurements or natural variation
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(Rose et al. 2018). They suggest that fitness stratification should use instead a range of values
for each CPET variable (Rose et al. 2018).

This review did not address the implications of the addition of CPET as a preoperative test
where it is not currently used and the resource impact of this, for example, additional workforce
requirements or increase in waiting times. These would be important considerations for the
introduction of CPET into the patient pathway.

12. Patient issues

We did not identify any evidence about patients’ perspectives on the use of CPET before major
surgery or its influence on their experiences after surgery. Patient and public involvement (PPI)
and engagement was undertaken.

12.1. Methods for patient and public involvement

The Patient Organisation Search Tool was used to identify patient organisation groups, charities,
support groups and networks by searching for key words such as “colorectal surgery”,
“cardiopulmonary exercise testing”, and “colposcopy charity”. The search identified six major
UK charities with links to several smaller organisations all with patient support networks.
Contact forms were submitted through online channels for all six charities. Contact forms
included information on who HTW are, an explanation of the health technology and a request for
access to the patient support network to provide input. Of these, two major charities responded
and agreed to grand access to their networks.

Bowel Cancer UK has an extensive patient support network that covers the whole of the UK. The
PPI lead and Head of Research agreed to complete a PPl Expert review of the evidence appraisal
report on behalf of the patient network but advised that the network would be unable to
complete the Patient Group Submission Tool as the individual patients on the network do not
necessarily know each other and therefore would be unable to meet and collate the information
required to compete one. Therefore it was agreed that individual questionnaires would be
written up instead and distributed to the network for completion. Several patients contacted
HTW to express their regret at not being able to complete a questionnaire for the following
reasons: no experience of CPET; relevance of questions; and time constraints. Two completed
questionnaires were returned (Appendix 1). The PPI expert review was also returned (Appendix
2). The results are summarised below.

Bowel Cancer Research have several patient support groups that meet in various locations across
the UK every few months. The PPI lead informed HTW that a group that was due to meet had
agreed to complete a Patient Group Submission form. This was provided but not returned by the
group. The explanation is summarised below.

12.2. Report of evidence/comments received
12.2.1. Bowel Cancer UK

The answers provided by patients highlighted that the process of being diagnosed with a
colorectal disorder that requires surgery is often a complicated and distressing process. Neither
of the respondents had undergone CPET prior to having surgery and advised that they believed
this was probably due to the urgency of the surgery and the quick turnaround from diagnosis to
surgery (one was an emergency surgery two days after diagnosis and the other two months).
Neither of the respondents knew of CPET before undertaking their questionnaire. Both
respondents described long recoveries with various difficulties and complications such as nausea,
muscle wastage, constipation and weakness and both reported a return to gentle exercise, such
as walking, within a few days to a week after surgery. Respondents listed emotional support -
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such as positive attitudes, the support of family, friends and employers and support from
doctors and nurses - as the most important issue for patients who undergo surgery, although one
respondent reported their belief that being physically fit prior to surgery was an important
factor in their recovery.

The PPI expert reviewer highlighted the lack of evidence that is available on patient experiences
of undergoing CPET. It is acknowledged that there is little to no available reports and as the
patient respondents did not have either experience or knowledge of CPET, it is difficult to
estimate the prevalence of its use amongst patients or what action would be required to find
those patients who have the experience. The PPI expert reviewer reported that prehabilitation -
or strength training before surgery - is known to help patients feel more in control when
undergoing diagnosis and surgery and suggests that if CPET was better understood amongst
patients it could have a similar effect.

12.2.2. Bowel Cancer Research

The patient support group met and considered the Patient Group Submission Tool as designed by
the PPI Standing Group based on forms used by the Scottish Health Technology Group and NICE.
The submission was not returned as the group instead chose to provide comments on the design
and construction of the Tool itself. The group did report that they would be happy to make such
a submission at another time, but deadlines for the guidance on CPET did not allow for this. The
feedback on the design of the tool itself is due to be reported back to the PPI SG in their next
meeting.

12.3. Summary of Findings
Key considerations from this evidence are as follows:

Patient awareness of and knowledge of CPET appears to be poor

There is little available information on the experience of patients who undergo CPET

It is unclear from the PPl methodology how many patients are offered CPET

Patients do not consider physical fitness to be of more importance than emotional support and
mental well-being before, during and after surgery.

Given the small number of respondents, it is unwise to consider these findings to be the
viewpoint of all patients.

13. Conclusions

This evidence review identified a large body of evidence on the use of factors measured by CPET
to predict post-operative outcomes after major intra-abdominal surgery. The evidence suggests
CPET variables can be used to predict post-operative outcomes; evidence varies widely
according to the type of surgery, CPET factors considered and outcomes of interest. The factors
most consistently shown to be predictive of outcomes were AT and VE/VCO2.

Evidence on how adding preoperative CPET to standard preoperative care influences post-
operative outcomes is very limited. Evidence was found only for patients undergoing AAA repair
or colorectal surgery (one non-randomised study for each). The reliability of this evidence is low
due to the quantity of evidence available and the potential for bias in the results. One study
reported that adding CPET to preoperative assessment could improve 30-day survival after
surgery and shorten length of hospital stay in people undergoing AAA repair. One study reported
an increase in planned CCU admission for people who had CPET compared to those who did not,
but reported no difference in any other outcomes. We did not identify any evidence on how
CPET influences patients’ satisfaction with their treatment, or their quality of life. We did not
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identify any evidence on how the use of CPET influences other aspects of preoperative
assessment, such as whether it can reduce the need for other types of cardiovascular testing to
be carried out, or whether the addition of consultant led high-risk surgical anaesthetic review in
general is beneficial.

One published cost consequences analysis was included in the health economic review (Goodyear
et al. 2013). The study is a non-randomised retrospective cohort study with a historic control
group. In people undergoing open AAA repair, CPET saves £4,408 compared with no CPET. In
addition, the study found a reduced length of inpatient stay and a reduced length of intensive
therapy unit stay in the CPET-era compared with the pre-CPET era for those undergoing open
AAA repair. There was an improvement in 30-day mortality in the CPET era compared with the
CPET era for those undergoing open AAA repair but no difference for those undergoing EVAR.
The cost effectiveness of CPET remains uncertain due to the limitations of the included study.
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Appendix 1. Summary of variables reported by primary studies

Appendix Table 1. All clinical outcomes from primary studies of the prognostic value of CPET variables since May 2015

Note: a conservative approach is taken with no association assumed at the 5% significance level (p-values are rounded up). Multivariable analysis results are

reported where available.

Prognostic

variable

AT (also
reported as
V02 at AT)

Population:
surgery
indicated

No. of
Patients

Cut-off used

Colorectal Morbidity - any complications Any grade: no association
surgery/resection Chan et al. (2016) 94 NA Grade >lll: median = 6.80; p=0.011
. NA Predictive - mean 13.8 vs 10.91 ml/kg/min;
(N£I8<1){5<;poulos etal. | g, p=0.0006; AUC = no association
11 ml/kg/min | Sensitivity = 76%; specificity = 59%; p=0.03
McSorley et al. 38 <11 vs >11 Any grade: no association
(2018) ml/kg/min Grade 2lIl: no association
Predictive - OR 7.56; p<0.001; AUC = 0.79;
sensitivity = 78.2%; specificity = 71.4%; PPV =
82.0%; NPV = 65.1%
<11.1 vs >11.1 Also associated with significantly higher morbidit
West et al. (2016) |703 ml/kg/min e S e y
(optimal) grades ( igures not reported) .
POMS-defined at day 5 - reported to differ
significantly except for neurological and
haematological morbidities
Morbidity - CCU admission Unplanned admission: median = 7.30; p=0.03
Chan etal. (2016) 94 NA Planned admission: median = 8.00; p=0.0075
Length of stay - hospital Chan et al. (2016) |94 NA No association
McSorley et al. <11vs >11 e
(2018) 38 ml/kg/min No association
Length of stay - CCU Chan et al. (2016) |94 NA Lower AT associated with longer total LOS CCU
Oesophagectomy | Morbidity - any complications |Sinclair et al. 240 NA No association
cancer surgery (2017)
Morbidity - major morbidity Patel et al. (2019) [120 <10.5vs >10.5 No association (in multivariate)

ml/kg/min
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Prognostic Population:

variable surgery

indicated

Morbidity - cardiorespiratory

Sinclair et al.

No. of
Patients

Cut-off used

complications (2017) 240 NA No association (in multivariate analysis)
Mortality ?;%ﬁl;; retal. 240 NA No association (follow-up not reported)
Mortality - at 30 days Patel et al. (2019) (120 <10.5vs .>10'5 No association
ml/kg/min
Length of stay - hospital ?;%ﬁl;; retal. 240 NA No association (in multivariate)
<10.5 vs >10.5 .
Patel et al. (2019) (120 ml/kg/min No association
Oesophageal & Morbidity - pulmonary Whibley et al. <11 vs 211 -
gastric cancer complications (2018) 81 ml/kg/min No association
surgery ; : ival- .
Mortality Whibley et al. <10 vs >11 Medlap su_rv1va.l.“21 m(_)nths Vs >§ yearf,' p>0.001
81 . (in univariate); “remained associated” in
(2018) ml/kg/min s
multivariate
Mortality - cancer-specific Whibley et al. <10 vs 211 A .
(2018) 81 ml/kg/min P<0.001 (univariate analysis)
Oesophagogastrect |Morbidity - any complications
omy & complex Huang et al. (2016) |26 NA No association
colorectal cancer
Gastric bypass or | Morbidity - any complications | Warnakulasuriya et <11 vs 211 s
gastrectomy al. (2017) 219 ml/kg/min No association
Length of stay - hospital Warnakulasuriya et <15.8 vs 215.8 -
al. (2017) 219 ml/kg/min No association
AAA repair Morbidity - cardiac Barakat et al. 130 NA Predictive - OR 0.55 (95% CI 0.37 to 0.84)
complications (2015)
Morbic!ity - pulmonary Barakat et al. 130 NA No association
complications (2015)
Morbidity - acute kidney injury NR OR 0.72; p<0.001; AUC = 0.81; p<0.001
Saratzis et al. 292 » P
2017 <1Tvs 2 9 . var ;
( ) ml/kg/min 45.2% vs 19%; p<0.001 (univariate analysis)
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Prognostic Population:

variable

surgery
indicated

Mortality - at 30 days

No. of
Patients

Barakat et al.

Cut-off used

(2015) 130 NA No association
Mortality - at 2 years Rose et al. (2018) 232 NR No association (in multivariate)
Length of stay - hospital Barakat et al. 130 NA N6 association
(2015)
Liver resection | Morbidity - any complications NA POMS =1 at day 3: OR 1.23; p=0.029; AUC = 0.66;
Kasivisvanathan et 104 p=0.026

al. (2015)

10.2 ml/kg/min

POMS =1 at day 3: sensitivity = 65.3%; specificity =

(optimal) 58.2%; PPV = 64.3%; NPV = 59.2%
Ulyett et al. (2017) | 168 Srade O-lvs lll- N6 association
Morbidity - CCU admission Kasivisvanathan et 104 NA No association
al. (2015)
LOS - hospital Kasivisvanathan et . he
al. (2015) 104 NA HR 1.34; p=0.024
LOS - CCU Kasivisvanathan et o
al. (2015) 104 NA No association
VO2 peak Colorectal LOS - hospital Kasivisvanathan et L
surgery/resection |LOS - CCU al. (2015) e A e
Kasivisvanathan et S
al. (2015) 104 NA No association

West et al. (2016) |703

<18.2 vs >18.2

No association (in multivariate)

ml/kg/min
LOS - hospital Chan et al. (2016) |94 NA No association
McSorely et al. <19 vs >19 s
(2018) 38 ml/kg/min No association
Morbidity - CCU admission Chan et al. (2016) |94 NA Unplanned admission: median = 9.45; p=0.04

Planned admission: median = 12.55; p=0.0180
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Prognostic

variable

Population:
surgery
indicated

No. of
Patients

Cut-off used

Oesophagogastrect |Morbidity - any complications
omy & complex Huang et al. (2016) |26 NA No association
colorectal cancer
Liver resection Morbidity - any complications |Kasivisvanathan et 104 NA POMS >1 at day 3: no association
al. (2015) - ’
Ulyett et al. (2017) | 168 \G/rade O-1vs -1 g association
Morbidity - CCU admission Kasivisvanathan et s
al. (2015) 104 NA No association
LOS - hospital Kasivisvanathan et 104 NA No association
al. (2015)
LOS - CCU Kasivisvanathan et s
al. (2015) 104 NA No association
Oesophagectomy  |Morbidity - any complications |Sinclair et al. 240 NA No association
cancer surgery (2017)
Morbidity - major morbidity Grade 2ll1l: OR 0.85 (95% Cl 0.75 to 0.97); p=0.018
<17.0 vs >17.0 |in multivariate analyses
Pzl el @) i ml/kg/min Optimal cut-off with sensitivity 70% and specificity
53%; AUC 0.66 (95% Cl 0.55 to 0.77; p=0.009)
Morbidity - cardiorespiratory Sinclair et al. 240 NA No association (in multivariate)
complications (2017)
iRzt f;%ﬁl;; FEEE 240 NA No association (follow-up not reported)
izl - e 0 gas Patel et al. (2019) |120 ;mog}’;;:m No association
H2k sl el @) . 240 NA No association (in multivariate)
(2017)
Patel et al. (2019) |120 ;11[7](‘;}’;;:7'0 Median: 16 vs 15 days; p=0.040
Gastric bypass or | Morbidity - any complications | Warnakulasuriya et 219 <15.8 vs >15.8 No association
gastrectomy al. (2017) ml/kg/min
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Prognostic Population:

variable surgery

indicated

LOS - hospital

Warnakulasuriya et

No. of
Patients

Cut-off used

<15.8 vs 215.8

al. (2017) 219 ml/kg/min No association
AAA repair Morbidity - cardiac Barakat et al. 130 NA No association
complications (2015)
Morbidity - pulmonary Barakat et al. 130 NA No association
complications (2015)
LG Grant et al. (2015) |506 L2 >4.2 No association (median follow-up: 26 months)
ml/kg/min
Mortality - at 30 days Barakat et al. s
(2015) 130 NA No association
Mortality - at 2 years NA Predictive - HR 0.84; p=0.04
Rose (2018) 232 <13.1 vs 213.1 -
ml/kg/min Predictive - HR 5.27; p=0.006
LOS - hospital Barakat et al. -
(2015) 130 NA No association
Kidney or Other - composite of Transplant indicated: p=0.0043; sensitivity =
kidney/pancreas cardiovascular complications 84.0%; specificity = 28.8%; PPV = 24.2%; NPV =
transplant and mortality Chakkera et al. <17 vs 2 17 86.9%
(2018) i ml/kg/min Underwent transplant: p=0.0194; sensitivity =
88.9%; specificity = 33.7%; PPV = 12.4%; NPV =
96.6%
Morbidity - cardiac Transplant indicated: p=0.0481; sensitivity =
complications Chakkera (2018) 614 <17 vs 2 17 84.9%; specificity = 27.1%; PPV = 9.9%; NPV =
ml/kg/min 95.0%
Underwent transplant: no association
Mortality - (mean follow-up 4.0 |Chakkera (2018) Transplant indicated: no association
years) 614 <17 vs 2 17 Underwent transplant: p=0.0194; sensitivity =
ml/kg/min 94.1%; specificity = 33.2%; PPV = 8.3%; NPV =
98.9%
VE/VCO2 Liver resection Morbidity - any complications |Kasivisvanathan et 104 NA POMS >1 at day 3: no association

al. (2015)
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Prognostic Population:

variable

No. of

Cut-off used

surgery Patients
indicated
Ulyett et al. (2017) | 168 \G/rade O-lhvs - | b e dictive 0 OR 1.09; p=0.04
Morbidity - CCU admission Kasivisvanathan et 104 NA No association
al. (2015)
Length of stay - hospital Kasivisvanathan et 104 NA No association
al. (2015)
Length of stay - CCU Kasivisvanathan et 104 NA No association
al. (2015)
Oesophagectomy  |Morbidity - any complications |Sinclair et al. e L
cancer surgery (2017) 240 NA Predictive - OR 1.09; p=0.018

Morbidity - major morbidity

Patel et al. (2019) [120

<17.0 vs >17.0

No association

ml/kg/min
M°rb‘d.‘ty N cardiorespiratory Sinclair et al. 240 NA No association (in multivariate analysis)
complications (2017)
Mortality Sinclair et al. No association (in multivariate) (follow-up not
240 NA
(2017) reported)

Mortality - at 30 days

Patel et al. (2019) [120

<17.0vs >17.0
ml/kg/min

No association

Length of stay - hospital

Sinclair et al.

(2017) 240

NA

No association (in multivariate)

Patel et al. (2019) [120

<17.0 vs >17.0

No association

ml/kg/min
Colorectal surgery |Morbidity - any complications |West et al. (2016) |703 <30.9 vs >30.9 | No association (in multivariate)
Morbidity - CCU admission Wilson et al. (2019) | 1,375 NA No association
Mann et al. (2020) (1,214 <34 vs >34 No association
Mortality - at 30 days Mann et al. (2020) |1,214 <34 vs >34 Predictive - OR 3.43 (95% Cl 1.47 to 801); p=0.003
Mortality - at 90 days Wilson et al. (2019) 1,375 =39 vs >39 Predictive - OR 4.04; p<0.05
(optimal)
Mann et al. (2020) |1,214 <34 vs >34 Predictive - OR 2.30 (95% Cl 1.15 to 4.60); p=0.016
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Prognostic Population:

variable

surgery
indicated

No. of
Patients

Cut-off used

Mortality - at 1 year Wilson et al. (2019) | 1,375 NA Predictive - OR 2.21; p<0.001
Mortality - at 2 years Mann et al. (2020) |1,214 <34 vs >34 Predictive - OR 2.38 (95% Cl 1.71 to 3.32); p<0.001
Mortality - at 5 years Wilson et al. (2019) | 1,375 NA Predictive - OR 2.67; p<0.001
Length of stay - hospital Chan et al. (2016) |94 NA No association
Mann et al. (2020) |1,214 <34 vs >34 No association
AAA repair Morbic!ity - cardiac Barakat et al. 130 NA No association
complications (2015)
Morbidity - pulmonary Barakat et al. 130 NA Predictive - OR 1.18 (95% CI 1.05 to 1.33)
complications (2015)
Mortality Grant et al. (2015) |506 <42 vs >42 No association (median follow-up: 26 months)
Mortality - at 30 days
Barakat et al. —
(2015) 130 NA No association
Mortality - at 2 years <34 vs >34 No association
Rose et al. (2018) (232
NA Predictive - HR 1.10; p=0.03
Length of stay - hospital Barakat et al. 130 NA No association
(2015)
VE/VO2 AAA repair Mortality - at 2 years Rose et al. (2018) (232 NR No association (in multivariate)
VO2 at AT / |Oesophagogastrect |Morbidity - any complications
V02 peak omy & complex Huang et al. (2016) |26 NA No association
colorectal cancer
FEV1 Colorectal surgery |Morbidity - any complications :\Izilg?}jc;poulos et al. 103 NR No association
Oesophagectomy | Morbidity - any complications |Sinclair (2017) 240 NA No association
cancer surgery Morbidity - cardiorespirato
ety - ! P! vy Sinclair (2017) 240 NA No association (in multivariate analysis)
complications
Mortality Sinclair (2017) 240 NA No association (follow-up not reported)
LOS - hospital Sinclair (2017) 240 NA No association (in multivariate)

Page 52 of 93




Prognostic

variable

Population:
surgery
indicated

No. of
Patients

Cut-off used

Liver transplant Morbidity - respiratory De Araujo
complications Magalhaes et al. 100 NR No association (univariate analysis)
(2017)
AAA repair Morbidity - acute kidney injury |Saratzis et al. 292 NR No association
(2017)
FvC Colorectal surgery |Morbidity - any complications | Nikolopoulos et al. 103 NR No association
(2015)
Oesophagectomy  |Morbidity - any complications |Sinclair et al. 240 NA No association
cancer surgery (2017)
MorbiQity - cardiorespiratory Sinclair et al. 240 NA Predictive - OR 0.55; p=0.002
complications (2017)
Mortality (S;%ﬁl%] retal. 240 NA No association (follow-up not reported)
LOS - hospital sinclair et al. 240 NA Predictive: OR 1.38; p<0.0001
(2017)
Liver transplant Morbidity - respiratory De Araujo
complications Magalhaes et al. 100 NR No association (univariate analysis)
(2017)
FEV1 / FVC |Colorectal surgery |Morbidity - any complications |Nikolopoulos et al. 103 NR No association
(2015)
MIP Liver transplant Morbidity - respiratory De Araujo
complications Magalhaes et al. 100 NR No association (univariate analysis)
(2017)
MEP Liver transplant Morbidity - respiratory De Araujo
complications Magalhaes et al. 100 NR No association (univariate analysis)
(2017)
No. of sub- |AAA repair Mortality - at 1 year 0-1vs3 L
threshold Grant et al. (2015) |506 variables 94.4% vs 76.7%; p=NR
CPET .
variables Mortality - at 3 years Grant et al. (2015) |506 O1vesd 86.4% vs 59.9%; p<0.001
Heart rate |Colorectal surgery |Morbidity - any complications |Nikolopoulos et al. 103 NR No association
at AT (2015)
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Prognostic

variable

Population:
surgery
indicated

No. of

Patients

Cut-off used

Liver resection Morbidity - any complications E?sl\;]g;/g)nathan et 104 NA POMS >1 at day 3: no association
Morbidity - CCU admission Kasivisvanathan et 104 NA No association
al. (2015)
Length of stay - hospital Kasivisvanathan et 104 NA No association
al. (2015)
Length of stay - CCU Kasivisvanathan et 104 NA No association
al. (2015)
Resting Liver lfesmn Morbidity - any complications Ulyett et al. (2017) | 168 Grade 0-11 vs llI- No association
heart rate  |resection \'
Peak heart |Liver lgswn Morbidity - any complications Ulyett et al. (2017) | 168 Grade 0-11 vs llI- No association
rate resection \'
02 pulse Liver lfesmn Morbidity - any complications Ulyett et al. (2017) | 168 Grade 0-11 vs llI- No association
resection \'
Colorectal surgery |Morbidity - any complications <8.7 vs >8.7
West et al. (2016) |703 ml/beat No association (in multivariate)
(optimal)
AAA repair Mortality - at 2 years Rose et al. (2018) [232 NR No association (in multivariate)
Relative 02 |Liver lgsmn Morbidity - any complications Ulyett et al. (2017) | 168 Grade 0-11 vs llI- No association
pulse resection \
02 pulse Colorectal surgery |Morbidity - CCU admission Mann et al. (2020) |1,214 NA No association
response Mortality - at 30 days Mann et al. (2020) |1,214 NA OR 4.47 (95% Cl 1.62 to 12.34); p=0.002
Mortality - at 90 days Mann et al. (2020) |1,214 NA OR 3.66 (95% Cl 1.46 to 9.17); p=0.003
Mortality - at 2 years Mann et al. (2020) |1,214 NA OR 1.69 (95% CI 1.06 to 2.69); p=0..028
Length of stay - hospital Mann et al. (2020) (1,214 NA No association

FEV1 = forced expiratory volume in the first second; FVC = forced vital capacity; MIP = maximal inspiratory pressure; MEP = maximal expiratory pressure; NA = a cut-off is not

applicable if logistic regression was undertaken; CCU = critical care unit
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Appendix 2. Data tables for primary studies

Appendix Table 2. Study details: Barakat et al. (2015)

Descriptive details  PICO Observations & quality
Single centre, England. Population: patients completing a CPET before elective or endovascular AAA repair. With a maximum AAA e Logistic regression used to determine
n =130 diameter of 5.5 cm. prognostic value for cardiac and pulmonary

complications, and in-hospital mortality.
Regression model included: age, sex,
method of repair, VO2 peak, AT and

Intervention: symptom-limited, treadmill CPET (MedGraphics UltimaTM CardioO2). Involved treadmill

Mean age 74.2 years walking according to a modified Bruce protocol with a final stage of cool-down and heart rate monitoring for

Endovascu.la[ repair = 55; |3 minutes. VE/VCO?2. Linear regression used to

open repair = 75 Variables recorded: VO2 peak; AT; total time on treadmill; VE/VO2; VE/VCO2. V-slope method was used to determine prognostic value for length of
Recruitment period determine AT. hospital stay.

September 2011 to Outcomes measured: occurrence of cardiac and/or pulmonary complications during post-operative hospital e AAA repair is assumed to be major surgery.

September 2013 stay.

Cardiac complications defined as: ischaemic complications; new onset arrhythmia requiring management or
Study design: prospective. |lasting >1 hour; need for inotropic support for at least 12 hours; occurrence of congestive heart failure.

Pulmonary complications defined as: occurrence of pneumonia; need for mechanical ventilation for >48 hours
in the post-operative course; unplanned tracheal re-intubation post-operatively; pulmonary embolism.

Results Authors’ observations
Morbidity Post-operative survival
. No predictors of post-operative 30-day survival were identified (model included: age, sex,
Type of Odds ratio (95% CI) method of repair, VO2 peak, AT and VE/VCO2).
complication
AT V02 peak VE/VCO2 Morbidity
Low AT was predictive of cardiovascular complication. A high VE/VCO2 was predictive of
Cardiac 0.55 (0.37 - 0.84) | Not significant Not significant pulmonary complications.

Pulmonary Not significant Not significant 1.18 (1.05 - 1.33) Length of stay

CPET variables showed no relationship with LOS.
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Appendix Table 3. Study details: Chakkera et al. (2018)

Descriptive details  PICO Observations & quality
Single centre, US. Population: patients with a documented VO2 peak, evaluated for kidney or kidney/pancreas transplant, aged e Qutcomes reported for those in whom
. 250 years and/or with diabetes mellitus. transplant is indicated and for those who
n = 614 (292 received a underwent transplant
transplant) Intervention: incorporation of VO2 peak, obtained by CPET, into standard-of-care pre-transplant cardiac )
screening algorithm (from October 2011). e Kidney/pancreas transplant is assumed

Mean age 56.6 years to be maior surger
Those with VO2 <17 ml/kg/min underwent further cardiac screening with pharmacologic sestamibi stress test. 0 be major surgery.
Average follow-up: 4.04 .

e Values reported in text do not correlate

years CPET was undertaken on either a treadmill or bicycle ergometer using a ramp protocol with the goal of th tabl lues f tabl d

Recruitment period achieving 6-9 minutes until voluntary exhaustion occurred. Gas exchange parameters were measured using a with table - values from table used.

November 2011 - computerised breath-by-breath analyser. e CPET was undertaken by either treadmill

September 2014 Comparison: VO2 peak <17 ml/kg/min vs 217 ml/kg/min or ergometer, the proportion of patients
undergoing each was not reported.

Study design: Outcomes measured: cardiovascular disease event, all-cause mortality, and a composite measure of both. CVD

retrospective. events were defined as: cardiac ischaemic event, myocardial infarction, percutaneous transluminal coronary

angioplasty, coronary artery bypass grafting, or cerebrovascular accident.

Results Authors’ observations

VO2 peak <17 vs 217 ml/kg/min

Z\I/Jen:#_(/e:ovtﬂth p-value | Sensitivity | Specificity | PPV NPV
Cardiovascular event
Transplant indicated 45/454 vs 8/160 0.0481 | 84.9% 27.1% 9.9% 95.0%
Underwent transplant | 9/193 vs 2/89 0.323 81.8% 32.1% 4.7% 97.8%
All-cause mortality
Transplant indicated 79/454 vs 17/160 0.0496 | 79.0% 30.2% 17.4% | 88.5%
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Underwent transplant | 16/193 vs 1/89 0.0194 | 94.1% 33.2% 8.3% 98.9%
Composite outcome

Transplant indicated 110/454 vs 30/160 0.0043 | 84.0% 28.8% 24.2% 86.9%
Underwent transplant | 24/193 vs 3/89 0.0184 88.9% 33.7% 12.4% 96.6%
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Appendix Table 4. Study details: Chan et al. (2016)

Descriptive details  PICO Observations & quality
Single centre, England. Population: patients undergoing elective colorectal cancer resection, aged >80 years. e Referral for CPET was at the
_ . . . . . . . discretion of the surgeon.

n =94 Intervention: CPET was carried out using MedGraphics Ultima CardioO2, a cycle ergometer and metabolic cart. Ramp
protocols were individually predetermined with the aim of delivering the exercise programme within the recommended 7-9 | « Linear regression analysis of

Mean age 85 vs 83 years
for CPET and no-CPET
respectively A plan for post-operative care was made on the basis of CPET findings, clinical assessment and magnitude of proposed
surgery - whether or not to include a period of Level 1-3 care in the ICU or CCU or whether the patient should be managed
on the ward. AT <11 ml/kg/min patients were assessed for potential post-operative admission to CCU.

minutes. AT was calculated using V-slope, VE/VCO2 nadir and respiratory exchange ratio. predictive variables only.

Recruitment period: March
2011 - September 2013

Study design: Comparison: CPET vs no CPET.

retrospective. Outcomes measured: overall LOS, LOS in CCU, planned admission to CCU, unplanned admission to CCU, all complications,
severe complications.

Complications were defined using the Clavien-Dindo criteria.

Results Authors’ observations

Question 2 Question 2:

CPET (n = 48) No CPET (n = 46) p-value Patients in the CPET group were more likely to have a planned
CCU admission postoperatively (P < 0.0001). There were no
differences in the incidence of unplanned CCU admission

CCU admission: unplanned 4 8 0.23 between the CPET and the non-CPET group (P = 0.23).

CCU admission: planned 24 2 0.0001 There were no differences in the overall LOS between the two
groups (p = 0.43). The CPET group, despite the increased

Overall LOS in CCU. median likelihood of a planned CCU stay, had a shorter overall LOS in

(range) ’ 2(2-7) 5(1-12) 0.078 the CCU than the non-CPET group that approached statistical
significance (p = 0.078).

LOS of CCU admission: unplanned, | (2-4) 7 (1-12) 0.15 The LOS of an unplanned admission to the CCU (P = 0.15) was no

median (range) ’ different between the two groups. There were also no
differences between the groups in mortality (P = 0.11), overall

Overall LOS, median (range) 7 (3-22) 8 (3-52) 0.42 complications (P = 0.53) and severe complications (P = 0.30).
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Complications 18 21 0.53
Complications grade =zl 7 11 0.30
30-day mortality 1 4 0.20
Question 1
VO2 peak

AT (ml/kg/min)

median (range); p-

(ml/kg/min)

median (range);

% predicted mortality

median (range); p-

value value
p-value
CCU admission: unplanned 7.30 (6.0-7.6) 9.45 (8.2-13.0) 10.00 (6.7-16.7)
p =0.03 p =0.04 p =0.45

CCU admission: planned

8.00 (5.0-13.7)
p = 0.0075

12.55 (7.0-21.9)
p =0.0180

9.55 (4.8-25.0)
p = 0.0001

Complications grade =lll

6.80 (5.0-12.6)
p =0.011

9.90 (7.0-16.5)
p = 0.064

9.55 (6.7-20.0)
p=0.13

Question 1:

There was no correlation between the CPET parameters and
overall LOS. A lower AT was associated with a longer total length
of stay in the CCU on linear regression analysis (Fig. 2). There
was no correlation between the overall complication rate and
CPET parameters. A lower AT was associated with severe
complications (P = 0.011)
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Appendix Table 5. Study details: de Araujo Magalhaes et al. (2017)

Observations & quality

Descriptive details  PICO

Single centre, Brazil. Population: adults submitted to orthotropic liver transplant. e Liver transplant is assumed to be major surgery.

n =100

Mean age: 54.5 years
(inter-quartile range: 43.2-

64) Comparison: those who developed post-operative respiratory complications vs those that did not. e Only relevant variables measured were
respiratory.

Intervention: preoperative evaluation including clinical history, physical examination, spirometry, ¢ OR is unadjusted for potential confounders.
measurement of respiratory muscle strength, 6-minute walk test (6MWT) and 6-minute step test (6MST).

No CPET was undertaken. e No CPET undertaken in this study.

Recruitment period: March | Outcomes measured: development of one or more of the following major post-operative respiratory
2013 - March 2015 complications: pneumonia, atelectasis or acute respiratory failure. Length of stay was counted until

A . discharge from hospital or death in the post-operative period. Spirometry parameters analysed: forced
Study design: prospective. expiratory volume in the first second (FEV1), forced vital capacity, maximal inspiratory pressure, and
maximal expiratory pressure at the mouth.

Authors’ observations

Results

Morbidity - post-operative respiratory complications (PRC) There were no significant differences in MIP or MEP

- between patients who developed PRCs and those
PRCs (n = 44) No PRCs (n = 56) glr;adJ“Sted OR (95% | 1.value who did not.
Maximal inspiratory pressure (MIP) | -60 (-78 to -44) -73 (-86 to -47) 1.01 (0.99 to 1.02) 0.21
Maximal expiratory pressure (MEP 75 (58 to 101) 78 (62 to 102) 0.99 (0.98 to 1.01) 0.78
Forced expiratory volume in the 0.98 (0.96 to 1.00)
first second (FEV1) 83.5 (61.2 t0 94.7) | 92 (78 to 100) 0.06
Forced vital capacity (FVC) 87.5 (76.3 to 98.5) 90.8 (80.3 to 100) | 0.99 (0.97 to 1.00) 0.46
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Appendix Table 6. Study details: Grant et al. (2015)

Descriptive details

PICO

Observations & quality

Two centres, England.

n = 506

Mean age: 73.4 years (range: 44-90)

65% underwent endovascular repair vs 35% open
Recruitment period: January 2007 - October 2012
Study design: prospective.

Population: patients undergoing elective AAA repair.

Intervention: symptom-limited maximal impact CPET. CPET was performed using a
cycle ergometer and a ramped test (Wasserman) protocol with the Ultima CardiO2
MedGraphics equipment.

Variables recorded: VO2 at AT; VO2 peak; and VE/VCO2 at AT. A combination of v-
slope method and ventilatory equivalent methods was used to determine AT.

Outcomes measured: survival after elective AAA repair.

e Elective AAA repair is assumed to be major
surgery.

e Authors report an association but p=0.05

Authors’ observations

Post-operative survival

Univariate analysis found the following variables to be significant: VE/VCO2 at AT <42 (p=0.005), peak VO2 <15 ml/kg/min (p<0.001),

and AT <10.2 ml/kg/min (p=0.003).

The number of sub-threshold CPET variables was an important risk factor for reduced survival (p<0.001). Patients with zero or one sub-
threshold variable had a 3-year survival of 86.4% vs 59.9% in patients with three variables (94.4% vs 76.7% for 1-year survival

respectively).

In multivariable analysis, VE/VCO2 >42 at AT and VO2 peak <15 ml/kg/min were associated with reduced survival. AT was not included
in the multivariate model due to significant missing data and risk of collinearity.

Hazard ratio (95% Cl)

p-value

VE/VCO2 >42 at AT

1.628 (1.009 to 2.627)

0.046

V02 peak <15 ml/kg/min

1.676 (1.002 to 2.803)

0.049

This study demonstrates that variables derived
from preoperative CPET testing are independent
risk factors for reduced survival after elective
AAA repair. Patients with multiple sub-threshold
CPET values had significantly reduced survival
compared with those with zero or one abnormal
value. Peak VO2 <15 ml/kg/min and VE/VCO2
>42 ml/kg/min were independent predictors of
reduced survival. These results are applicable to
patients undergoing both open AAA repair and
EVAR.
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Appendix Table 7. Study details: Huang et al. (2016)

Descriptive details PICO Observations & quality

Single centre, Australia. |Population: cancer patients referred to a preoperative structured exercise programme due to high risk of post-operative o QOesophagogastrectomy,

N =26 complications, who proceeded to surgery. complex colorectal and
thoracic cancer surgery is

Median age: 67.7 years assumed to be major

(SD: 9.6) Intervention: baseline CPET and final CPET following prehabilitation prior to surgery. CPET was performed as per American surgery.

Thoracic Society/American College of Chest Physicians guidance, using CardiO2 system. A cycle ergometer and ramp protocol was

Surgery types included: oesophagogastrectomy (38%), complex colorectal (58%) and thoracic (4%) cancer surgery.

Recruitment period:

September 2012 - August used.
2014 Individualised exercise programmes were prescribed according to patients’ baseline CPET.
Study design: Variables recorded: AT was determined using both v-slope method and ventilatory equivalent method.

retrospective Outcomes measured: post-operative complications (Clavien Dindo classification) and mortality at 30 days, 6 months and 1 year.

Results Authors’ observations

Morbidity

A response to prehabilitation could be predicted from CPET-
derived variables (AT, AT/pVO2 ratio). However, univariate and
OR (95% ClI) p-value multivariate logistic regression did not detect any other predictors
of suffering a major complication.

CPET prior to prehabilitation

V02 at AT, ml/kg/min 1.58 (0.53 to 0.55) 0.41
VO2 peak, ml/kg/min 0.72 (0.17 to 2.21) 0.62
VO2 at AT/VO2 peak (ratio 1) 2.94 (0.82 to 13.38) 0.13

CPET following prehabilitation, prior to surgery

VO2 at AT, ml/kg/min 0.36 (0.05 to 1.57) 0.26

VO2 peak, ml/kg/min 0.45 (0.06 to 1.74) 0.33
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V02 at AT/VO2 peak (ratio 2) 1.09 (0.36 to 3.08) 0.87
Difference between CPETs

Difference in VO2 at AT, ml/kg/min 0.22 (0.02 to 1.15) 0.13
Difference in VO2 peak, ml/kg/min 0.57 (0.16 to 1.73) 0.34
% difference in VO2 at AT, ml/kg/min 0.1 (0.0 to 1.11) 0.14
% difference in VO2 peak, ml/kg/min 0.4 (0.07 to 1.55) 0.25
Difference between ratio 1 & 2 0.3 (0.04 to 1.31) 0.15
% difference between ratios 0.21 (0.01 to 1.49) 0.25
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Appendix Table 8. Study details: Kasivisvanathan et al. (2015)

Descriptive details PICO Observations & quality
Single centre, England. Population: patients undergoing CPET (considered high risk) as part of a preoperative assessment for elective, one e Analysis compares major (37.5%)
N =104 stage, open hepatic resection, aged >18 years. and minor hepatic resection,

suggesting that not all patients
were undergoing major surgery -
outcomes are not available for

High risk patients included age >70 years, aged <70 years with cardiorespiratory comorbidities, and patients scheduled

Median age: 65 years (IQ for hepatic resection involving synchronous bowel resection or vascular reconstruction or extensive biliary resection.

range: 55-70)

. . Intervention: CPET using bicycle ergometer (Ultima CardiO2), using standardised approach by ATS/ACP guidance. only those with major resection
Recruitment period: May
2010 - April 2014 Variables recorded: VO2 at AT; VO2 peak; VE/CO2 at AT; heart rate at AT. AT was determined using the V-slope
. method.
Study design:
prospective. Outcomes measured: morbidity on post-operative day 3 using Post-Operative Morbidity Survey (POMS); complications

using Clavien Dindo scale; LOS in hospital; LOS in CCU; readmission to CCU.

Results Authors’ observations

Morbidity The findings of this study show that the only

For VO2 at AT and the presence of POMS-defined morbidity, the area under the curve (AUC) was 0.66 (95% CI 0.55-0.76; P = 0.026). The | CPET variable associated with postoperative
optimal cut-off point was 10.2 ml/kg/min, giving sensitivity of 65.3% and specificity of 58.2%, a positive predictive value (PPV) of 64.3% | morbidity in high-risk patients undergoing

and a negative predictive value (NPV) of 59.2% (Fig. S1, online). hepatic resection is VO2 at AT. A VO2 at AT

threshold of <10.2 ml/kg/min is a predictor of
The AUC for VO2 peak and POMS-defined morbidity was 0.60 (95% Cl 0.51-0.71; P = 0.048). The optimal cut-off was 15.8 ml/kg/min, POMS-defined morbidity on POMS in patients
giving sensitivity of 69.1% and specificity of 50.0%, with a PPV of 67.9% and NPV of 52.1%. undergoing major hepatic resection.

When major liver resection was combined with a VO2 at AT of <10.2 ml/kg/min, the ability of the model to discriminate which patients  |The VO2 at AT threshold derived in this study
would suffer from morbidity had an AUC of 0.79 (95% CI 0.68-0.86), with sensitivity of 83.9%, specificity of 52.0%, a PPV of 80.6% and an | may be useful for deciding which patients

NPV of 62.5%, for morbidity on post-operative day 3. following major hepatic resection will benefit
from increased medical resources such as post-
operative critical care or critical care outreach

services.
Value Univariate OR Multivariate OR
) Although the model has good sensitivity of
median (IQR) (95% Cl) p-value (95% Cl) p-value 83.9% and a PPV of 80.6%, its NPV is 62.5%,
which limits its use as a rule out test. As a
POMS score of >1 on post-operative day 3 result, a significant proportion of patients
identified by this model as unlikely to develop

morbidity will develop it.
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V02 at AT, ml/kg/min

10.5 (9.2 to 11.3)

1.24 (1.03 to 1.40); p=0.022

1.23 (1.02 to 1.38); p=0.029

V02 peak, ml/kg/min

15.5 (12.8 to 17.6)

1.03 (1.01 to 1.06); p=0.044

VE/CO2 at AT, ml/kg/min

32.4 (29.1 to0 37.2)

1.02 (0.95 to 1.07); p=0.542

Heart rate at AT, beats/min

103 (98 to 111)

1.06 (0.77 to 1.89); p=0.820

Length of stay - hospital

Patients with a higher VO2 AT had an increased chance of early discharge [hazard ratio (HR) 1.37, 95% Cl 1.13-1.58]. In the final Cox
multivariable model, a decreasing VO2 at AT (HR 1.34, 95% CI 1.11-1.52) was associated with later discharge from hospital. None of the

CPET variables studied were associated with CCU LOS or readmission to the CCU.

Value
median (IQR)

Univariate OR
(95% Cl) p-value

Multivariate OR
(95% ClI) p-value

V02 at AT, ml/kg/min

10.5 (9.2 to 11.3)

1.37 (1.13 to 1.58); p=0.023

1.34 (1.1 to 1.52); p=0.024

VO2 peak, ml/kg/min

15.5 (12.8 to 17.6)

1.15 (0.99 to 1.40); p=0.064

VE/CO2 at AT, ml/kg/min

32.4 (29.1 to 37.2)

0.97 (0.93 to 1.02); p=0.433

Heart rate at AT, beats/min

103 (98 to 111)

1.01 (0.99 to 1.02); p=0.907
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Appendix Table 9. Study details: McSorely et al. (2018)

Descriptive details PICO Observations & quality
Single centre, England. Population: patients who had undergoing CPET prior to elective surgery for colorectal cancer, of which |e  Colorectal cancer surgery is assumed to be
n=38 61% were colonic cancer. major surgery.

79% were aged >65 years Intervention: CPET using ZAN 600 and bicycle ergometer.

. . Variables recorded: VO2 and AT at peak exercise.
Recruitment period:

September 2008 - April 2017 |Comparison: VO2 at AT <11 vs >11 ml/kg/min; VO2 peak <19 vs >19 ml/kg/min.

Study design: prospective Outcomes measured: complications classified using Clavien Dindo scale.
Results Authors’ observations
Morbidity There were no significant associations between VO2 at AT and
postoperative complications.
V02 at AT <11 V02 peak <19 ml/kg/min o o .
ml/kg/min (p-value) (p-value) There was no significant association between VO2 at peak exercise
and postoperative complications
Any complication p = 1.000 p = 1.000
Clavien Dindo grade >3 p = 0.268 p = 1.000
Length of stay
V02 at AT <11 V02 peak <19 ml/kg/min
ml/kg/min (p-value) (p-value)
Length of stay p=0.790 p =0.169
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Appendix Table 10. Study details: Nikolopoulos et al. (2015)

Descriptive details PICO Observations & quality
Single centre, England. Population: patients undergoing open colorectal surgery. e Open colorectal surgery is assumed to be
n=103 Intervention: CPET using Med Graphics Ultima system and a cycle ergometer, within an major

Median age (SD, range): 59 (18, 20-89) | Snhanced recovery programme.

Outcomes measured: hospital LOS; post-operative cardiopulmonary complications and

Recruitment period: October 2006 - mortality.

June 2007
Study design: prospective.

Results / authors’ observations

Morbidity

The anaerobic threshold was significantly higher in the group without complications (mean AT = 13.8; SD + 3.0; range = 8.1-20.8 ml/kg/min) compared to the group with complications
(mean = 10.91; SD+ 3.0; range = 7.9-12 ml/kg/min), (p = 0.0006). Spirometric pulmonary function tests (FEV1, p = 0.09) and (FEV1/FVC, p = 0.08) showed no differences between the two
groups.

The area under the ROC curve for AT was 0.66 (95 % confidence interval [CI] = 0.3524-0.9719, p = 0.07). Adapting a cu-toff point of 11 ml/min/kg, the AT acquired a sensitivity of 76% and
a specificity of 59% (p = 0.03), and was able to predict the development of postoperative cardiopulmonary complications.

In those with complication vs no
complications (p-value)
Preoperative heart rate (bpm) 74 vs 72 (p=0.66)
AT (ml/kg/min) 13.8 vs 10.1 (p=0.0006)
FEV1 2.84 vs 2.32 (p=0.088)
FvC 3.77 vs 3.39 (p=0.96)
FEV1/FVC 0.74 vs 0.68 (p=0.077)
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Appendix Table 11. Study details: Patel et al. (2019)

Descriptive details PICO Observations & quality
Single centre, Wales. Population: patients diagnosed with esophageal cancer considered for e Surgery for esophageal cancer is
n =120 surgical treatment by an MDT. assumed to be major surgery.

Intervention: CPET following ATS/ACCP guidelines on a cycle ergometer

Median age (range): 65 (38-84) years with a ramped protocol.

gg:%ery during: August 2010 - August Outcomes measured: major operative morbidity; 30-day operative
mortality; cumulative overall survival from date of diagnosis; length of

Study design: prospective. hospital stay.

Results and Author’s observations

Mortality

Overall survival was not associated with any CPET variables.

Morbidity

Both VO2 peak and AT were associated with major morbidity.

VO2 peak

For VO2 peak (AUC 0.66 95% CI 0.55 to 0.77; p=0.009) the optimal cut-off point was 17.0 ml/kg/min, giving sensitivity of 70% and specificity of 53%.
V02 peak <17.0 ml/kg/min was associated with major morbidity: 38.6% versus 18.4% of patients; p=0.015.

Only factor which remained significant in multivariate analysis for morbidity of CDC grade >IIl (OR 0.85 95% Cl 0.75 to 0.97; p=0.018).

AT

For AT (AUC 0.62 95% Cl 0.51 to 0.74; p=0.048) the optimal cut-off point was 10.5 ml/kg/min, giving sensitivity of 60% and specificity of 44%.
AT <10.5 ml/kg/min was associated with major morbidity: 35% versus 18% of patients; p=0.034.

Did not remain significant in multivariable analysis.

VE/VCO2

No association in univariate analysis: OR 0.98 (95% Cl 0.88 to 1.08); p=0.640.
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Length of stay - hospital
LOS was on average 1 day shorter in patients with VO2 peak >17.0 ml/kg/min (median: 16 versus 15 days; p =0.040).
No difference was found in LOS for patients with AT <10.5 ml/kg/min versus >10.5 ml/kg/min (p=0.273).
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Appendix Table 12. Study details: Rose et al. (2018)

Descriptive details PICO Observations & quality
Single centre, Wales. Population: patients undergoing CPET prior to AAA repair (cases); controls were healthy e AAA repair is assumed to be major
n=232 participants undergoing CPET. surgery.

Intervention: CPET using bicycle ergometer and MedGraphics Ultima, with ramped protocol.

Variables recorded: VO2 peak; 02 uptake efficiency slope; 02 pulse; AT; ETO2; VE/VO2;
VE/VCO2 at AT. AT was determined using V-slope method.

Mean age: 72 years (SD +/-7) (AAA cases)
Recruitment period: 2008 - 2016

Study design: retrospective.

Outcomes measured: Post-operative mortality.

Results Authors’ observations
Post-operative survival - at 2 years Following multivariable analysis, both VO2 peak and VE/VCO2 at AT
] were found to be independent predictors of mid-term (2 year)
Hazard ratio (95% Cl) p-value postoperative mortality.
UFmrEies V02 peak and VE/VCO2 at AT were independent predictors of mid-
term survival, and patients with one or two subthreshold CPET values
d trated reduced post ti ival (p=0.01).
V02 peak (ml/kg/min) 0.81 (0.69 to 0.95) p=0.01 emonstrated reduced postoperative survival (p=0.01)
V02 - AT (ml/kg/min) 0.74 (0.55 to 0.98) p=0.03
VE/VCO2 - AT 1.11 (1.03 to 1.20) p=0.01
VE/VO2 - AT 1.07 (0.98 to 1.18) P=0.14
02 pulse (ml/beat) 0.85 (0.73 t0 0.98) P=0.03

Multivariate

VO2 peak (ml/kg/min) 0.84 (0.72 t0 0.99) 0.04

VE/VCO2 - AT (ml/kg/min) 1.10 (1.01 to 1.19) 0.03
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Hazard ratio (95% Cl) p-value
V02 peak <13.1 (ml/kg/min) 5.27 (1.62 to 17.14) p=0.006
VE/VCO2 - AT 234 3.26 (1.00 to 10.59) p=0.049
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Appendix Table 13. Study details: Saratzis et al. (2017)

Descriptive details PICO Observations & quality
Single centre (within a multi-centre Population: patients undergoing elective endovascular aneurysm repair for an infra-renal e Case-control study of acute kidney injury.
study), England. abdominal aortic aneurysm (>5.5 cm or <5.5 cm with a rapidly increasing sac). . .
e AAA repair is assumed to be major surgery.
n=292 Intervention: CPET using bicycle ergometer, with ramped protocol.
Mean age (SD): 73 (7) years for cases | Those with AT <11 ml/kg/min were not offered open surgical repair but considered for
vs 74 (7) years for controls endovascular repair.
Recruitment period: July 2009 - Variables recorded: VO2 peak; FEV1; FVC. AT was determined using V-slope method.
December 2015

Outcomes measured: serum creatinine levels and cardiovascular comorbidities.

Study design: retrospective.

Results Authors’ observations
Morbidity AT level is associated with post-operative acute kidney injury (AKI). A
decrease in AT of 1 unit translated to a 28% increase in the chance of
Cases vs controls p-value developing AKI
Univariate The preoperative AT and VO2 max levels were significantly different
AT (SD), ml/kg/min 12.1 (2.9) vs 14.8 (3.2) P<0.001 between groups (those with and without AKI) in univariate analysis. In
multivariate analysis, a higher AT was associated with a significantly
FEV1 (SD), L 2.2 (0.7) vs 2.4 (0.7) p=0.046 lower odds ratio.
% VO2 maximum 73 (17) vs 82 (19) p=0.001
AT <11 ml/kg/min 33 (45.2%) vs 19 (8.7%) P<0.001
Multivariate
FEV1 OR 0.77 (95% CI1 0.50 to 1.18) p=0.23
% VO2 maximum OR 0.99 (95% C1 0.98 to 1.01) p=0.70
AT OR 0.72 (95% Cl 0.63 to 0.82) p<0.001

The AUC (ROC analysis) was 0.81 (SE 0.06) 95% Cl: 0.69 to 0.93; p<0.001 for AT as a predictor of post-operative AKI.
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Appendix Table 14. Study details: Sinclair et al. (2017)

Descriptive details PICO Observations & quality
Single centre, England. Population: patients undergoing oesophagectomy for adenocarcinoma or squamous cell e Oesophagectomy with two-field
n = 240 carcinoma with two-field lymphadectomy. lymphadectomy is assumed to be major
. . . . surgery.

Mean age (IR [range]): 66 (60-72 [30- Intervention: CPET using bicycle ergometer, with ramped protocol. . Limrted discussion of the role of oredictive
83]) years Variables recorded: VO2 at AT; VE/VCO2 at AT; VO2 peak. AT was determined using V-slope 1m 15cUss! . predictiv

method. variables but fully reported in tables.
Recruitment period: December 2012 - Survival db L h of foll
December 2015 Outcomes measured: LOS for CCU and hospital; deaths; and complications. * >urvival reported but no length of follow-up.
Study design: prospective. e Unclear how expected 02 uptake is derived

(VO2 expected).

Results Authors’ observations
Post-operative survival We found that measures of cardiopulmonary fitness and predicted
- survival were associated with cardiorespiratory and other
0Odds ratio (95% Cl) p-value complications after oesophagectomy. Observed survival and hospital
length of stay were both associated with a measure of the efficiency
Univariate of pulmonary gas exchange (VE/VCO2) and predicted survival.
VO2 peak (ml) 1.00 (0.99 to 1.00) p=0.41
V02 at AT (ml/kg/min) 0.96 (0.92 to 1.01) p=0.08
VO2 expected (ml/kg/min) 1.00 (1.00 to 1.00) p=0.95
V02 observed/expected ratio 0.67 (0.27 to 1.65) p=0.38
AT (ml/kg/min) 0.99 (0.94 to 1.03) P=0.54
VE/VCO2 1.08 (1.03 to 1.13) p=0.001
VE/VCO2 expected 1.06 (0.91 to 1.23) p=0.43
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VE/VCO2 observed/expected ratio | 0.09 (0.02 to 0.38) p=0.001
FVC (1) 1.08 (0.88 to 1.32) p=0.47
FEV1 (1) 1.01 (0.80 to 1.29) p=0.92
Multivariate
VE/VCO2 observed/expected ratio | 0.17 (0.03 to 0.91) p=0.039
Morbidity - any post-operative complications

QOdds ratio (95% Cl) p-value
Univariate
V02 peak (ml) 1.00 (0.99 to 1.00) p=0.31
V02 at AT (ml/kg/min) 0.97 (0.92 to 1.01) p=0.14
VO2 expected (ml/kg/min) 1.00 (1.00 to 1.00) p=0.20
VO2 observed/expected ratio 1.24 (0.39 to 3.91) p=0.72
AT (ml/kg/min) 0.95 (0.90 to 1.01) p=0.10
VE/VCO2 1.11 (1.04 to 1.19) p=0.003
VE/VCO2 expected 1.23 (1.01 to 1.51) p=0.04
VE/VCO2 observed/expected ratio | 0.07 (0.01 to 0.54) p=0.011
FVC (1) 0.76 (0.58 to 1.01) p=0.057
FEV1 (1) 0.80 (0.58 to 1.10) p=0.18
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Multivariate

VE/VCO2 1.09 (1.02 to 1.17) p=0.018
FVC (1) 0.80 (0.60 to 1.06) p=0.12
Morbidity - post-operative cardiorespiratory complications

Odds ratio (95% Cl) p-value
Univariate
V02 peak (ml) 1.00 (1.00 to 1.00) p=0.002
VO2 at AT (ml/kg/min) 0.90 (0.86 to 0.95) p<0.0001
V02 expected (ml/kg/min) 1.00 (1.00 to 1.00) p=0.009
VO2 observed/expected ratio 0.82 (0.27 to 2.49) p=0.72
AT (ml/kg/min) 0.89 (0.84 to 0.95) p=0.001
VE/VCO2 1.10 (1.04 to 1.17) p=0.003
VE/VCO2 expected 1.48 (1.20 to 1.82) p<0.0001
VE/VCO2 observed/expected ratio | 1.13 (0.02 to 0.94) p=0.043
FVC (1) 0.57 (0.42 to 0.77) p<0.0001
FEV1 (1) 0.51 (0.35 t0 0.72) p<0.0001
Multivariate
FVC (1) 0.55 (0.37 to 0.80) p=0.002
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LOS - hospital

Odds ratio (95% Cl) p-value
Univariate
V02 peak (ml) 1.00 (1.00 to 1.00) p=0.044
V02 at AT (ml/kg/min) 1.03 (1.00 to 1.05) p=0.023
V02 expected (ml/kg/min) 1.00 (1.00 to 1.00) p=0.057
VO2 observed/expected ratio 0.98 (0.58 to 1.67) p=0.95
AT (ml/kg/min) 1.04 (1.01 to 1.07) p=0.01
VE/VCO2 0.97 (0.94 to 1.00) p=0.039
VE/VCO2 expected 0.92 (0.84 to 1.00) p=0.052
VE/VCO2 observed/expected ratio | 1.92 (0.79 to 4.71) p=0.15
FVC (1) 1.29 (1.13 to 1.49) p<0.0001
FEV1 (1) 1.31 (1.12 to 1.53) p=0.001
Multivariate
FVC (1) 1.38 (1.17 to 1.63) p<0.0001
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Appendix Table 15. Study details: Ulyett et al. (2017)

Descriptive details PICO Observations & quality
Assumed single centre, England. Population: patients undergoing resection of parenchymal liver lesions. Laparoscopic resection | e Parenchymal liver lesion resection is assumed
N = 168 was performed in 32 (18.6%) patients. to be major surgery.

Median age (range): 69 (22-90) years Intervention: CPET using bicycle ergometer, with ramped protocol.

Recruitment period: February 2008 - All patients undergoing major resection were cared for the CCU.

January 2015 Variables recorded: VO2 peak; AT; O2 pulse; relative 02 pulse; heart rate: resting; heart rate:

Study design: retrospective. peak; VE/VCO2. AT was determined using V-slope method.

Outcomes measured: complications (Clavien Dindo grading) within 30 days of surgery.

Results Authors’ observations

Morbidity - post-operative complications grade IlI-V (compared with grade 0-II) Of the CPET variables, VE/VCO2 was associated with the development
Univariate analysis of grade Ill-IV complications. In multi-variate analysis, VE/VCO2 was
independently associated with development of grade IlI-IV
Grade 0-11 vs IlI-V p-value complications.
Of the CPET variables, VE/VCO2 was shown to be predictive of post-
VO2 at AT (ml/kg/min) 12.8 vs 12.5 p=0.84 operative complications. Although the incremental OR for predicting
grade IlI-IV complications is low (OR 1.09), this effect is noted over a
V02 peak (ml/kg/min) 18.8 vs 19.2 p=0.65 large range of values. The median VE/VCO2 was very similar between
groups with grade 0-11 and Ill-V complications (29.1 vs 31.7) with
02 pulse (ml/beat) 11 vs 12.3 p=0.39 significant overlap in the range, and this may limit its usefulness.
AT was not shown to be of value in this series.
Relative 02 pulse (100 ml/beat/kg) 15 vs 14.9 p=0.52
Resting heart rate (beats/min) 74 vs 80 p=0.54
Peak heart rate (beats/min) 131.5 vs 133.5 p=0.89
VE/VCO2 at AT 29.1vs 31.7 p=0.005
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Multivariate analysis

0dds ratio (95% Cl) p-value FEE O
predictive values
VE/VCO2 at AT 1.09 (1.01 to 1.17) p=0.04 17-50
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Appendix Table 16. Study details: Warnakulasuriya et al. (2017)

Descriptive details PICO Observations & quality
Single centre, England. Population: patients undergoing Roux-en Y gastric bypass or sleeve gastrectomy. e Gastric bypass is assumed to be major
n=219 Intervention: CPET using bicycle ergometer. surgery.

Mean age (SD): 46.4 (10.7) years Patients with VO2 peak <15.8 ml/kg/min were triaged to high dependency unit care post-operatively.
Recruitment period: October 2008 - |Variables recorded: VE/VCO2 at AT; VO2 peak. AT was determined using V-slope method.

April 2013 - . . N
Outcomes measured: obstructive sleep apnoea, metabolic syndrome, post-operative complications,
Study design: retrospective. hospital and CCU LOS and readmissions with 30 days of discharge, and mortality at 30, 60 and 90
days.
Results Authors’ observations
Morbidity - complications When controlled for procedures and CCU admission, there was
no association between CPET variables and development of post-
No. (%) p-value operative complications on binomial regression.
AT: <11 vs 211 (ml/kg/min) 25 (18.5) vs 8 (9.5) p=0.082 Log transformed linear regression showed no significant

differences between CPET variables and length of stay.

VO2 peak: <15.8 vs 215.8 (ml/kg/min) | 34 (17.7) vs 4 (9.5) p=0.179

OSMRS = Obesity surgery mortality risk score.

Risk reduction in complications per unit change in O2 consumption (%), adjusted for procedure type and CCU admission

Risk reduction 95% ClI
AT (ml/kg/min) 0.3 -2.6 to0 3.2
V02 peak (ml/kg/min) 0.4 -1.9t02.6
In those with OSMRS >2
AT (ml/kg/min) 1.8 -2.8t0 6.4
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VO2 peak (ml/kg/min) 0.6 -1.8 to 3.1

LOS

Median (IQR) p-value

AT: <11 vs 211 (ml/kg/min) 5 (4-6) vs 4 (4-6) p=0.100

VO2 peak: <15.8 vs 215.8 (ml/kg/min) | 4 (4-6) vs 4 (3-5.5) p=0.089

Risk reduction in LOS per unit change in 02 consumption (%), adjusted for procedure type and CCU admission

Risk reduction 95% ClI
AT (ml/kg/min) 1.3 -2.9to0 5.7
V02 peak (ml/kg/min) 0.5 -2.3t03.2
In those with OSMRS >2
AT (ml/kg/min) 1.0 -2.91t05.3
VO2 peak (ml/kg/min) 0.5 -1.9to 3.4
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Appendix Table 17. Study details: West et al. (2016)

Six centres, UK.
n=703

Recruitment period: February
2011 - April 2014

Study design: prospective.

Population: adult patients undergoing major elective colorectal surgery.

Intervention: CPET using bicycle ergometer, with ramped protocol.

Variables recorded: VO2 at AT; VO2 peak; VE/VO2; VE/VCO2 at AT; 02 pulse at AT (VO2/heart rate).
Outcomes measured: morbidity at day 5 (POMS & Clavien Dindo); hospital LOS; and 3-day mortality.

e Sample size was calculated (n=425 with
complete data) and met

Morbidity - post-operative complications
No complications vs
complications (median) el
VO2 at AT (ml/kg/min) 13vs 9.9 p=0.002
VO2 peak (ml/kg/min) 20.4 vs 15.5 p=0.031
02 pulse at AT (ml/beat) 9.1vs9.9 p<0.001
VE/VCO2 at AT 30.9 vs 32.0 p=0.111
ROC curve analysis
AUROC Sensitivity (%) | Specificity (%) | PPV (%) NPV (%)
VO2 at AT: 11.1 cut-off (ml/kg/min) 0.79 78.2 71.4 82.0 65.1
VO2 peak: 18.2 cut-off (ml/kg/min) 0.77 70.3 72.0 81.4 59.1
02 pulse at AT: 8.7 cut-off (ml/beat) 0.75 69.2 68.4 81.0 53.2

Analysis of grouped CPET data showed that lower VO2 at AT,
V02 peak, and 02 pulse at AT were associated with increased
odds of in-hospital morbidity.

Patients with VO2 at AT <11.1 ml/kg/min had significantly
higher morbidity grades (Clavien Dindo).

Post-operative POMS-defined morbidity at day 5 also differed
significantly at the cut-off of VO2 at AT <11.1 ml/kg/min,
except of neurological and haematological morbidities.

Both VO2 at AT and VO2 peak were able to discriminate
between patients with, and without postoperative
complications. For VO2 at AT (AUROC 0-79, 95 per cent c.i.
0-76 to 0-83), the optimal cut-off point was 11-1ml per kg per
min, giving 78-2% sensitivity and 71-4% specificity. For VO2
peak (AUROC 0-77, 0-72 to 0-82), the optimal cut-off point
was 18-:2ml per kg per min, giving 70-3% sensitivity and 72-0%
specificity. 02 pulse at AT and VE/CO2 at AT did not
discriminate between patients with, and without a
postoperative complication (AUROC and/or 95% CI <0-7).

In the logistic regression model, the CPET variables were
significantly associated with post-operative complications.
Optimal cut-off points identified for VO2 at AT and VO2 peak
were 11.1 and 18.2 ml/kg/min respectively.
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VE/VCO2 at AT: 30.9 cut-off 0.58 59.1 55.0 42.4 70.4
Logistic regression model
OR (95% Cl) p-value
V02 at AT: <11.1 (ml/kg/min) 7.56 (4.44 to 12.86) p<0.001
V02 peak: £18.2 (ml/kg/min) 2.15 (1.01 to 4.57) p=0.047
VE/VCO2 at AT: >30.9 1.38 (1.00 to 1.89) p=0.047
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Appendix Table 18. Study details: Wilson et al. (2019)

Descriptive details PICO Observations & quality

Single centre, England. Population: patients referred for preoperative evaluation who subsequently underwent surgery for e Surgery for colorectal cancer is assumed to be
n=1375 colorectal cancer; aged 55+ years or <55 years with known cardiorespiratory risk factors. major surgery.

Median age (IQR): 72 (65-79) Intervention: Preoperative evaluation including CPET using a bicycle ergometer. . gﬂ??‘ﬁtsize was calculated (n=1,300-1,400)
years Patients were classified as high or standard risk based on a combination of CPET data (high risk of AT

<11 ml/kg/min and VE/VCO2 >34 ml/kg/min) and clinical risk factors. High risk patients were allocated
to high dependency care or nursing enhanced unit.

Variables recorded: VE/VCO2 at AT.

Outcomes measured: post-operative (90 days) and longer-term (2- and 5-year) mortality; unplanned
use of HDU or ICU (critical care); hospital LOS; and survival.

Results Authors’ observations

Mortality ROC analysis demonstrated that VE/VCO2 was
significantly predictive of 90-day mortality. The
Survivors vs non-survivors p-value Adjusted OR (95% Cl) optimal cut-off point for 90-day mortality was
identified as VE/VCO2 >39 ml/kg/min.

VE/VCO2 was significantly associated with death after
. CCU admission. After stratification for cancer spread,
VE/VCO2 (median) 33vs 39 p<0.001 - VE/VCO2 >39 was associated with significantly worse
survival.

Surgery during: June 2004 -
December 2016

Study design: retrospective.

Univariate analysis - 90-day mortality

Multivariate analysis - 90 day mortalit:
i g d ROC analysis at AT demonstrated a lack of predictive

ability.

VE/VCO2 (% of patients) 8.2vs 1.9 - 4.04 (2.09 to 7.87)

Univariate analysis - 90-day mortality after CCU admission

VE/VCO2 (% of patients) 38.9vs 12.5 - 4.45 (1.37 to 14.5)

Multivariate analysis - 2-year mortality
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p<0.001 2.21 (1.49 to 3.28)

Multivariate analysis - 5-year mortality

p<0.001 2.67 (1.83 to 3.89)

Morbidity - CCU admission

Univariate analysis

CCU admission vs no admission

Un-adjusted OR (95% Cl)

VE/VCO2 >39 (% of patients)

7.3vs 6.4

1.16 (0.68 to 1.99)
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Appendix Table 19. Study details: Whibley et al. (2018)

Descriptive details PICO Observations & quality

n =81 Population: patients with oesophageal and gastric cancer. e Surgery for oesophageal and gastric cancer is
Median age (range): 65 (41- | Intervention: Enhanced recovery assessment protocol, including CPET for some patients. The type of assumed to be major surgery.

87) years CPET used was not reported.

Surgery during: 2010 - 2014 Comparison: AT <11 vs 211 ml/kg/min; VO2 maximum <14 vs 214 ml/kg/min.

Study design: prospective. Outcomes measured: post-operative respiratory complications and overall survival.

Results and Authors’ observations

Neither AT (p=0.24) nor VO2 maximum (p=0.65) individually correlated with incidence of post-operative respiratory complications.

Overall survival and cancer-specific survival correlated strongly with AT (p>0.001 and p<0.001) and VO2 maximum (p<0.001 and p<0.001). Median survival was 21 months vs >5 years for AT
<10 vs 211 ml/kg/min; and 20 months vs >5 years for VO2 maximum <14 vs >14 ml/kg/min.

In the Backwards-stepwise regression model, AT remained in the final model and became the most important variable when stage was included.
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Appendix Table 20. Study details: Mann et al. (2020)

Observations & quality

Descriptive details PICO

Single centre, England.
n=1,214

Population: patients aged >55 years or <55 years with known cardiorespiratory risk factors, referred e Aim of study was to evaluate oxygen pulse
for a preoperative evaluation including CPET, and subsequently underwent surgery for colorectal response as an adjunct to other CPET
cancer. parameters for risk prediction.

Mean age: 71.7 years Comparison: AT <11 vs 211 ml/kg/min; VE/VCO2 <34 vs >34 ml/kg/min at point of AT.

Surgery during: 2004 - 2016 Outcomes measured: composite of morbidity and mortality within 30 days; 90-day and 2-year
Study design: retrospective. |mortality; prolonged hospital stay; and unplanned critical care admission.

Results and Authors’ observations

Mortality

An abnormal oxygen pulse response remained independently associated with 30-day, 90-day and 2-year mortality in multi-variate analyses (controlling for sex, COPD, VE/VCO2 >34) - OR
2.75 (95% Cl 1.17 to 6.47; p = 0.02), OR 2.76 (95% ClI 1.36 to 5.60; p = 0.005), and OR 1.56 (95% ClI 1.10 to 2.23; p = 0.014) respectively.

Outcome VE/VCO2 <34 vs >34 Oxygen pulse response

30-day mortality

OR 3.43 (95% CI 1.47 to 8.01); p = 0.003

OR 4.47 (95% C| 1.62 to 12.34); p = 0.002

90-day mortality

OR 2.30 (95% Cl 1.15 to 4.60); p = 0.016

OR 3.66 (95% Cl 1.46 to 9.17); p = 0.003

2-year mortality

OR 2.38 (95% Cl 1.71 to 3.32); p < 0.001

OR 1.69 (95% Cl 1.06 to 2.69); p = 0.028

Morbidity - unplanned critical care admission

Outcome

VE/VCO2 <34 vs >34

Oxygen pulse response

Unplanned critical care
admission

OR 1.20 (95% C1 0.77 to 1.87); p = 0.415

OR 1.63 (95% CI 0.82 to 3.24); p = 0.162

LOS - hospital

Outcome

VE/VCO2 <34 vs >34

Oxygen pulse response

Hospital LOS

OR 1.66 (95% Cl 1.27 to 2.17); p < 0.001

OR 0.99 (95% Cl 0.64 to 1.53); p = 0.974
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Appendix 3. Evidence review inclusion criteria

This review will include two distinct questions:

In people undergoing major intra-abdominal surgery, how accurately do factors measured by preoperative cardiopulmonary

Hessrie CluEsEe | exercise testing predict post-operative outcomes?

Inclusion criteria Exclusion criteria

Population People in whom major, major plus or major complex intra- People having intermediate or minor surgery
abdominal surgery is planned or indicated

Where possible, we will conduct subgroup analysis according
to the reason for surgery, such as:

Cancer

Diverticular disease
Inflammatory disease
Vascular surgery
Aneurysm repair

Factors Exercise capacity variables

e Anaerobic threshold

e Peak 02 uptake (VO,peak)

o Peak work rate (WRpeak)

Cardiorespiratory variables

e VO;-work rate slope (AVO,/AWR)

e Heart rate, resting and peak exercise

o Heart rate reserve

e Oxygen pulse, resting and peak exercise

e Arterial blood pressure, resting and peak exercise
e Arterial O2 saturation (Sp02%), resting and peak exercise
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Tidal volume (VT) (Ll or ml), resting and peak exercise
Respiratory rate (RR) (bpm), resting and peak exercise
Ventilation (VE), resting and peak exercise

Breathing reserve (BR) (litres min1 and % of VE at peak
exercise)

Ventilatory equivalent for 02 at anaerobic threshold or
minimum value

Ventilatory equivalent for CO2 at anaerobic threshold or
minimum value

End-tidal partial pressure of 02 (PETO2 mm Hg), resting
and peak exercise

End-tidal partial pressure of CO2 (PETCO2 mm Hg),
resting and peak exercise

Spirometry variables

Forced expiratory volume in 1 s (FEV1) (1)
Forced vital capacity (FVC) (1)

Maximum voluntary ventilation (MVV), directly measured
or estimated as FEV; x 35-40 (litres min1)

Inspiratory capacity (IC) (1)

Outcomes

Post-operative survival

Post-operative morbidities/adverse events/complications (such as):

surgical site infection
respiratory complications
nausea and vomiting

acute kidney injury
postoperative myocardial injury

Critical care usage
Length of hospital stay
Hospital readmission
QoL
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PROMs

Psychological distress and mental wellbeing

patient, family and carer experience of care (from patient reported outcome measures or other sources)
Pain

Study design

We will include the following clinical evidence in order of priority:
o Systematic reviews.
¢ Randomised trials.
¢ Non-randomised trials.
We will only include evidence for “lower priority” evidence where outcomes are not reported by a “higher priority” source.

We will also search for economic evaluations or original research that can form the basis of an assessment of costs/cost
comparison.

Search limits

No date limit specified

Research Question
2

In people undergoing major intra-abdominal surgery, what is the effect of adding preoperative cardiopulmonary exercise
testing (CPET) to standard preoperative assessment on post-operative outcomes?

Inclusion criteria Exclusion criteria

Population People in whom major intra-abdominal surgery is planned or | People having intermediate or minor surgery
indicated

Intervention CPET in addition to standard preoperative assessment

Comparison/ Standard preoperative assessment

Comparators

Outcome measures

Post-operative survival
Post-operative morbidity
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Critical care usage

Length of hospital stay

Influence on clinical decision making

Use of preoperative interventions to enhance recovery (including but not limited to: treatment of anaemia, nutritional
interventions)

QoL

PROMs

Adverse events

Study design

We will include the following clinical evidence in order of priority:

o Systematic reviews.

¢ Randomised trials.

¢ Non-randomised trials.
We will only include evidence for “lower priority” evidence where outcomes are not reported by a “higher priority” source.
We will also search for economic evaluations or original research that can form the basis of an assessment of costs/cost
comparison.

Search limits

No date limit specified

Other factors

Where possible, we will investigate the influence of consultant led high-risk surgical anaesthetic review in general; ie with
and without this extra appointment taking place.

Where possible, we will investigate whether CPET reduces the need for other cardiovascular testing to be carried out as part
of pre-surgical review.
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Appendix 4 - PRISMA flow diagram outlining selection of papers for clinical and
cost effectiveness (from 19/10/19 - 28/02/19)

(n =2,421)

Records identified through
database searching

(n=32)

Identification

Screening

=)
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=
i

Additional records identified
through other sources

A 4

Records after duplicates removed
(n =1,974)

A

Records screened
(n =1,603)

y

\ 4

Full-text articles
assessed for eligibility
(n = 45)

Records excluded
(n =1,095)

A

Papers included in Evidence
Appraisal Report (n = 22)

Q1=21;Q2=2)
e Systematic reviews (n = 3)
e RCTs(n=0)

e Health economic (n =1)
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Full-text articles excluded, with
reasons (n = 23)

e Population not relevant (n = 1)

e Intervention/variable not
relevant (n = 12)

e QOutcomes not relevant (n = 8)

e Narrative review (n = 2)




Appendix 5 - CPET variable definitions

of oxygen extracted by the tissue of the body from the 02 carried in each stroke
volume (Moran et al. 2016).

Abbreviation ‘ Variable ‘ Definition Units
Exercise capacity variables
AT Anaerobic threshold The exercise VO, above which anaerobic high-energy phosphate production ml/kg/min
supplements aerobic high-energy phosphate production, with consequential
lowering of the cellular redox state, increase in lactate/pyruvate (L/P) ratio,
and net increase in lactate production at the site of anaerobiosis. Exercise
above the AT is reflected in the muscle effluent and central blood by an
increase in lactate concentration, L/P ratio and metabolic acidosis (Moran et al.
2016).
V02 peak Peak O2 uptake The highest oxygen uptake achieved during a maximum work rate test (Moran et | ml/kg/min
al. 2016).
(02 uptake is the amount of oxygen extracted from the inspired gas in a given
period of time) (Moran et al. 2016).
VO2 at AT 02 uptake at anaerobic Oxygen consumed at anaerobic threshold ml/kg/min
threshold
V02 at 02 uptake at anaerobic Ratio of 02 uptake at anaerobic threshold / peak 02 uptake
AT/VO2 peak threshold / peak 02 uptake
VO2 maximum | Maximum O2 uptake Describes the VO, when it reaches a plateau value during a single maximum ml/kg/min
work rate test. Repeated measurements necessary to obtain the VO, that cannot
be exceeded by the subject (Moran et al. 2016).
Cardiorespiratory variables
VE/VCO2 Ventilatory equivalent for CO2 | A measurement of the CO2 ventilatory requirement for a given metabolic rate
(Moran et al. 2016).
VE/VO2 Ventilatory equivalent for 02 | A measurement of the 02 ventilatory requirement for a given metabolic rate
(Moran et al. 2016).
Heart rate Heart rate The number of heart beats per minute. beat/min
02 pulse Oxygen pulse The oxygen uptake divided by the heart rate. Hence, this represents the amount | ml/beat
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02 pulse Oxygen pulse response 02 pulse over time. A subjective interpretation of O2 pulse plotted over time
response (Mann et al. 2020)
Spirometry variables
FEV1 Forced expiratory volume in 1 | The volume forcefully expired over 1 second after a maximum inspiration Litres (1)
second (Nikolopoulos et al. 2015).
FvC Forced vital capacity The total volume expired after a maximum inspiration (Nikolopoulos et al. Litres (1)
2015).
FEV1/FVC Forced expiratory volume in 1 | The ratio of forced expiratory volume in 1 second / forced vital capacity.
second / forced vital capacity | Normally about 80% but altered in diseases states such as restrictive and
obstructive (Nikolopoulos et al. 2015).
MIP Maximal inspiratory pressure The maximal pressure that can be produced by the patient trying to inhale cm/H20
through a blocked mouthpiece
MEP Maximal expiratory pressure The maximal pressure measured during forced expiration (with cheeks bulging) cm/H20

through a blocked mouthpiece after a full inhalation.
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