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Abstract

Background: Guidelines endorse self-reported functional capacity for preoperative cardiovascular assessment, although
evidence for its predictive value is inconsistent. We hypothesised that self-reported effort tolerance improves prediction
of major adverse cardiovascular events (MACEs) after noncardiac surgery.

Methods: This is an international prospective cohort study (June 2017 to April 2020) in patients undergoing elective
noncardiac surgery at elevated cardiovascular risk. Exposures were (i) questionnaire-estimated effort tolerance in
metabolic equivalents (METs), (ii) number of floors climbed without resting, (iii) self-perceived cardiopulmonary fitness
compared with peers, and (iv) level of regularly performed physical activity. The primary endpoint was in-hospital MACE
consisting of cardiovascular mortality, non-fatal cardiac arrest, acute myocardial infarction, stroke, and congestive heart
failure requiring transfer to a higher unit of care or resulting in a prolongation of stay on ICU/intermediate care (>24 h).
Mixed-effects logistic regression models were calculated.

Results: In this study, 274 (1.8%) of 15 406 patients experienced MACE. Loss of follow-up was 2%. All self-reported
functional capacity measures were independently associated with MACE but did not improve discrimination (area under
the curve of receiver operating characteristic [ROC AUC]) over an internal clinical risk model (ROC AUCpaseline 0.74
[071_0-77], ROC AUCpaseline+4METs 0.74 [0-71_0-77]7 ROC AUCpaseline+floors climbed 0.75 [0.71—0.78], AUChpaseline+fitness vs peers
0.74 [0.71-0.77], and AUCpaseline-+ physical activity 0-75 [0.72—0.78]).

Conclusions: Assessment of self-reported functional capacity expressed in METs or using the other measures assessed
here did not improve prognostic accuracy compared with clinical risk factors. Caution is needed in the use of self-reported
functional capacity to guide clinical decisions resulting from risk assessment in patients undergoing noncardiac surgery.
Clinical trial registration: NCT03016936.

Keywords: cohort study; effort tolerance; functional capacity; major adverse cardiovascular events; noncardiac surgery;

perioperative; postoperative complications; preoperative period; risk assessment

Editor’s key points

e Patient-reported functional capacity is an important
candidate measure in preoperative risk assessment.

e In this study, patient-reported functional capacity
measures were independently associated with major
adverse cardiovascular events in that poor self-re-
ported functional capacity influenced risk of adverse
events.

o Self-reported functional capacity information did not
improve prediction of major adverse cardiac events,
i.e. it did not contribute to differentiating patients
who will or will not suffer an events over a model of
clinical factors.

In Europe, more than 39 million surgeries are performed
annually.’ Preoperative cardiovascular risk assessment in-
forms management and helps patients and physicians to
discuss the risk—benefit balance of surgery. Recent European
guidelines consider age, cardiovascular disease, cardiovascu-
lar risk factors, the procedural risk, and self-reported func-
tional capacity (Ila recommendation) to estimate
cardiovascular risk and to guide cardiological work-up.?
Whilst the corresponding American guidelines® date from
2014 and are centred on functional capacity expressed in
metabolic equivalents (METs) (either measured during exer-
cise testing or estimated from patient report), the European
guidelines focus on self-reported functional capacity
expressed using the ability to climb stairs.” The more recent
European guidelines refer to the METs study” to justify their
preference of self-reported measures over exercise testing.

Indeed, in that study, whilst independently associated with in-
hospital moderate or severe complications, neither peak oxy-
gen consumption nor anaerobic threshold was independently
associated with cardiac complication, specifically death or
myocardial infarction (MI) and death and myocardial injury at
30 days.” Of note, for both approaches (i.e. functional capacity
in estimated METs or self-reported functional capacity
expressed using the ability to climb stairs), supporting evi-
dence is scarce: most studies assessing self-reported func-
tional capacity for preoperative risk prediction have been
comparatively small and showed inconsistent results.*™®
Whilst associated with 30 day mortality and MI, the Duke
Activity Status Index (DASI) did not improve risk classifica-
tion.* A two-centre prospective cohort (258 events; n=4560) in
patients aged >65 yr or with known cardiovascular disease
indicated a significant association between self-reported
ability to climb two flights of stairs and suggested a signifi-
cant improvement in reclassification over the revised cardiac
risk index (RCRI).” With reference to this study, the European
Society of Cardiology guidelines 2022 issued a Class Ila level B
recommendation to ‘adjust risk assessments according to self-
reported ability to climb two flights of stairs ... ‘.2

The primary objective of MET: Reevaluation for Periopera-
tive Cardiac Risk (MET-REPAIR) was to assess self-reported
measures of effort tolerance’ for the prediction of major
adverse cardiovascular events (MACE) in patients undergoing
noncardiac surgery at risk of cardiovascular disease.

Methods
Study design

The MET-REPAIR (NCT03016936) study was an international
prospective cohort study in 150 centres (25 countries) between
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Screened n=18 326

Excluded

2559 (14%) unable/unwilling to consent or not

captured

Enrolled patients
Overall n=15 767
In centres with 30 day
phone/mail follow-up
n=15 310

274/15 406 (1.8%)

in-hospital MACE

319/15 158 (2.1%)
30 day MACE

319/15 767 (2%) loss of follow-up in-hospital

152/15 310 (1%) loss of follow-up at 30 days

5 (0.03%) negative hospital stay and no data received for reconciliation
35 (0.2%) incomplete answers to METs questions

2 (0.01%) missing all preoperative covariables

Fig 1. Flowchart. ‘Patient screened’ refers to the number of patients fulfilling all inclusion criteria and none of the following exclusion
criteria (non-elective surgery, acute coronary syndrome or uncontrolled congestive heart failure within 30 days or stroke within 7 days of
the planned surgery, no overnight stay, inability to ambulate because of long-standing illnesses or conditions, previous enrolment, and
inability to complete the study questionnaire). Centres were asked only to collect separate information on non-participation resulting from
inability to give informed consent or unwillingness to participate. MACE, major adverse cardiovascular event; MET, metabolic equivalent.

June 2017 and April 2020. The majority (77.3%) of the centres
had referral/tertiary care status.

The study was carried out in accordance with the Decla-
ration of Helsinki and the publicly available research plan (The
rotocol and its appendices are avalaiable at the ESAIC CTN
homepage). Before enrolment, ethical approval was obtained
in all centres. Written informed consent was obtained in 137
centres. In 17 centres, the ethical board stated that written
consent was not required.

The project office trained the national principal in-
vestigators (PIs) via teleconference and provided written defi-
nitions and data entry manuals. National PIs provided training
to local investigators.

Study population

Patients were identified in the preoperative clinic or from
surgical schedules. Patients planned for elective in-patient
noncardiac surgery were eligible if aged >45 yr and at
elevated risk, as defined by either an RCRI >210 or National
Surgical Quality Improvement Program risk calculator for
Myocardial Infarction and Cardiac Arrest (NSQIP MICA) >1%,"*
or aged >65 yr and undergoing intermediate- or high-risk
procedures.*?

Exclusion criteria were.

(i) Non-elective surgery (within 72 h of diagnosis)

(ii) Acute coronary syndrome or uncontrolled congestive
heart failure (CHF) within 30 days, or stroke within 7 days
of the planned surgery

(iii) Outpatient surgery (no overnight stay)

(iv) Patients unable to ambulate because of long-standing ill-
nesses or conditions; patients with limited mobility for
which they were undergoing surgery were NOT excluded

(v) Inability to complete the study questionnaire

(vi) Inability to give informed consent or unwillingness to
participate

(vii) Previous enrolment

Definition and assessment of endpoints

The primary outcome was in-hospital MACE, defined as a
composite of intra- or postoperative cardiovascular mortality,
non-fatal cardiac arrest, acute MI according to the third uni-
versal definition,’® stroke, and CHF requiring transfer to a
higher unit of care or resulting in a prolongation of stay on
ICU/intermediate care (>24 h). Cardiovascular mortality was
adjudicated in presence of death after MI,*® cardiac arrest,
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Table 1 Baseline patient characteristics of the entire cohort and stratified by the presence/absence of in-hospital MACE. *Brisk walking,
jogging or running, cycling, swimming, or vigorous sports at a comfortable pace or other activities requiring similar levels of exertion.
ASA, American Society of Anesthesiologists; eGFR, estimated glomerular filtration rate; MACE, major adverse cardiovascular event
(composite of intra- or postoperative in-hospital cardiovascular mortality, non-fatal cardiac arrest, acute myocardial infarction,
stroke, and congestive heart failure requiring transfer to a higher unit of care or prolonging stay on ICU/intermediate care >24 h);
NSQIP MICA, National Surgical Quality Improvement Program risk calculator for Myocardial Infarction and Cardiac Arrest; RCRI,

revised cardiac risk index; TIA, transient ischaemic attack.

Full dataset, n (%)

No in-hospital MACE, n (%) In-hospital MACE, n (%)

Total 15 406 (100)

Female 6059 (39.3)
Age (y1)

40—64 1600 (10.4)

65—74 8026 (52.1)

>75 5780 (37.5)
ASA physical status >3 8882 (57.7)
eGFR (ml min~! [1.73 m]?)

<30/dialysis 768 (5.0)

30—60 3282 (21.3)

>60 11 254 (73.0)
Diabetes mellitus

Oral medication 2356 (15.3)

Insulin 1337 (8.7)
History of coronary heart disease 3700 (24.0)
History of congestive heart failure 1920 (12.5)
History of peripheral vascular disease 3030 (19.7)
History of stroke or TIA 1789 (11.6)
Active cancer 7137 (46.3)
Chronic obstructive pulmonary disease 2116 (13.7)

History of hypertension
Surgery type

11 258 (73.1)

Low risk 1092 (7.1)
Moderate risk 10 086 (65.5)
High risk 4228 (27.4)
Functional status
Independent 12 455 (80.8)
Partially independent 2644 (17.2)
Fully dependent 307 (2.0)
Numbers of floors climbed
>4 3858 (25.1)
2-4 9606 (62.4)
<1 1927 (12.5)
Self-appraised own cardiorespiratory fitness compared with peers
Higher 4066 (26.4)
Same 6809 (44.2)
Lower 4515 (29.3)
Self-reported physical activity
Over 20 min week * 5201 (33.8)

Inactive or low activity
RCRI

10 197 (66.2)

Low (<1 point) 6212 (40.3)

Moderate (2 points) 6075 (39.4)

High (>3 points) 3118 (20.2)
NSQIP MICA

<1% 7568 (49.1)

>1% 7834 (50.9)

Unknown 4 (0.0)

15 132 (100) 274 (100)
5969 (39.4) 90 (32.8)
1574 (10.4) 26 (9.5)
7916 (52.3) 110 (40.2)
5642 (37.3) 138 (50.4)
8682 (57.4) 200 (73.0)
732 (4.8) 36 (13.1)
3213 (21.2) 69 (25.2)
11 087 (73.3) 167 (61.0)
2311 (15.3) 45 (16.4)
1297 (8.6) 40 (14.6)
3593 (23.7) 107 (39.0)
1847 (12.2) 73 (26.6)
2946 (19.5) 84 (30.7)
1750 (11.6) 39 (14.2)
6988 (46.2) 149 (54.4)
2055 (13.6) 61 (22.3)
11 045 (73.0) 213 (77.7)
1081 (7.1) 11 (4.0)
9953 (65.8) 133 (48.5)
4098 (27.1) 130 (47.5)
12 259 (81.0) 196 (71.5)
2577 (17.0) 67 (24.5)
296 (2.0) 11 (4.0)
3817 (25.3) 1 (15.0)
9431 (62.4) 175 (63.9)
1869 (12.4) 58 (21.1)
4021 (26.6) 45 (16.5)
6699 (44.3) 110 (40.3)
4397 (29.1) 118 (43.2)
5149 (34.0) 52 (19.0)
9976 (66.0) 221 (81.0)
6142 (40.6) 70 (25.6)
5976 (39.5) 99 (36.1)
3013 (19.9) 105 (38.3)
7475 (49.4) 93 (33.9)
7654 (50.6) 180 (65.7)
3(0.0) 1(0.4)

stroke, heart failure or cardiogenic shock, complications of
cardiac revascularisation procedure, or death of unknown
cause. The definitions for non-fatal cardiac arrest and stroke
were in-line with previous outcomes definitions used in
noncardiac surgery studies.'* The same applied to clinical and
radiological signs used to define CHF.* The decision to add the
requirement for a higher level of care for CHF aimed at
avoiding the inclusion of less severe congestive events that
could easily escape the attention of clinicians, as the study

protocol was not mandating radiographic or specific clinical
evaluations for cardiac congestion.

Secondary outcomes were MACE at 30 days after surgery
and the single items of the composite. Outcomes were adju-
dicated by the local PI based on standardised definitions
(Supplementary material, Section 1.1).

Patients were followed-up in-hospital until discharge,
death, or up to 30 days. Of the 150, 148 centres additionally
undertook the 30 day follow-up in discharged patients.



Table 2 Adjusted association between various approaches to estimation of functional capacity and in-hospital and 30 day MACE, model discrimination, and model discrimination
comparison with the model based on clinical risk factors only for each endpoint. See Supplementary material; adjusted OR for all clinical factors are reported in Supplementary tables.
The P-values refer to differences in AUC of the models, including various approaches to self-reported functional capacity estimation compared with the AUC of the model based on
clinical risk factors only. The baseline model included the following clinical variables: age, ASA physical status class, glomerular filtration rate, diabetes, history of coronary heart
disease, history of congestive heart failure, history of peripheral vascular disease, history of stroke or transient ischaemic attack, sex, active cancer, chronic obstructive pulmonary
disease, history of hypertension, surgery risk, functional status (independence in activities of daily life), and a random intercept by country. For results of the whole model, please refer to
the Supplementary material. Optimized cut-off was calculated by the maximisation of the Youden index. CI, confidence interval; MACE, major adverse cardiovascular event; MET,
metabolic equivalent; OR, odds ratio; ROC AUC, area under the curve of receiver operating characteristic.

In-hospital MACE

30 Day MACE

Adjusted OR (95% CI)

ROC AUC (95% CI)

P-value for AUC
compared with
clinical factors

Adjusted OR (95% CI)

ROC AUC (95% CI)

P-value for AUC
compared with
clinical factors

Clinical factors only

Self-reported functional capacity
(per MET)

Self-reported functional capacity
(guidelines cut-off in METS)

METs >4

METs <4

Self-reported functional capacity
(optimized cut-off in METS)

METs >6

METs <5

Number of floors continuously
climbed without having to stop

>4

2—4

<1

Self-appraised cardiorespiratory
fitness compared with peers

Higher

Same

Lower

Self-reported regular physical
activity

Over 20 min week™?

Inactive or low activity

See Supplementary material

0.92 (0.86—0.97)

1
1.61 (1.17—2.23)

1
1.14 (0.85—1.54)

1
1.39 (0.97—1.99)
1.90 (1.17-3.11)

1
1.39 (0.98—1.99)
1.73 (1.17-2.54)

1
2.02 (1.46—2.79)

0.741 (0.710—0.771)

0.745 (0.714—0.775)

0.742 (0.712—0.773)

0.741 (0.711—0.772)

0.746 (0.715—0.776)

0.743 (0.714—0.773)

0.753 (0.724—0.782)

0.124

0.321

0.291

0.074

0.236

0.009

See Supplementary
material
0.92 (0.87—0.97)

1
1.63 (1.21—2.20)

1
1.11 (0.84—1.46)

1
1.34 (0.96—1.88)
1.97 (1.26—3.09)

1
1.47 (1.05-2.04)
1.71 (1.20—2.45)

1
1.62 (1.21—2.16)

0.726 (0.698—0.754)

0.727 (0.699—0.755)

0.726 (0.698—0.754)

0.726 (0.698—0.754)

0.730 (0.702—0.758)

0.728 (0.701—0.756)

0.731 (0.704—0.759)

0.368

0.470

0.527

0.102

0.264

0.081

S1USAS DeIpied pue Adeded [euondung
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Explanatory variables

Self-reported effort tolerance quantified in METs and estimated
using a 10-item questionnaire’ (Supplementary material,
Section 1.2) was the main explanatory variable. The MET esti-
mates for single activities from the Compendium of Physical
Activities'® were used to construct 10 questions based on activ-
ities needing an intensity of physical effort between one and 10
METs. The questionnaire focused on daily life and household-
related activities.” With a focus on sensitivity, in the primary
analyses, the question corresponding to the highest level of
exertion that was answered with ‘yes’ without any preceding
‘no’ represented the patient’s functional capacity. Sensitivity
analyses were conducted, in which we used the highest level of
exertion answered with ‘yes’ independent of preceding ‘no’.

The number of floors climbed without having to rest, self-
perceived own cardiopulmonary fitness compared with their
peers,'® and weekly physical activity’/ (Supplementary
material, Section 1.2.) were also assessed.’

Patients completed the questionnaire no more than 30 days
before surgery.

Baseline statistical model

The baseline model included the following independent vari-
ables: age, sex, ASA physical status class, estimated glomer-
ular filtration rate, active cancer, type of surgery (low-,
moderate-, or high-risk procedure),’” diabetes mellitus, hy-
pertension, CHF, coronary artery disease (CAD), chronic
obstructive pulmonary disease, peripheral vascular disease,
and stroke (see Supplementary methods, Section 1.3). Data
were extracted from medical charts. The selection of covari-
ables and their categorisation were based on the litera-
ture.’%'118 We decided to use established predictors for MACE
after noncardiac surgery as covariables rather than primarily
using the RCRI or the NSQIP MICA because of the following
considerations: (i) the study endpoint was not congruent with
the endpoint for which those scores were developed and
validated'®'! and (i) the limited discrimination of the RCRI in
previous studies.’®?!

Subgroup analyses

Subgroup analyses were planned for major orthopaedic sur-
gery, major vascular surgery attributable to potential impair-
ment by musculoskeletal discomfort and lower-limb
ischaemia, and thoracic surgery. Further, we planned to assess
the subgroup of ‘cardiovascular healthy’ older patients,
defined by >65 yr with an RCRI <2 and an NSQIP <1%.

Determination of sample size

Assuming an incidence of 2% for the primary composite
endpoint,'®??7?* we aimed to recruit 15 000 patients and
observe 300 events to develop a predictive logistic model,
including up to 30 predictors to satisfy the widely used rule of
10 events per variable.?

Statistical analysis

Baseline characteristics and clinical outcomes were summar-
ised as counts and percentages. The optimal cut-off points for
self-reported functional capacity in METs were determined by
maximising the Youden index (kernel smoothed densities).?®
A predefined cut-off was 4 METs.>'? We used mixed-effects

logistic regression to model binary outcomes, where the log
for the outcome was modelled as a linear function of a mixture
of fixed effects of the independent predictors and a random
effect for country variability. Multiple imputation (20 datasets)
using chain equations?”” was used to impute missing infor-
mation on the prognostic factors. Missingness was assumed to
be at random, and pre-specified rule for imputation was that
missing factors did not exceed 40%.2%

Covariates were defined and categorised a priori.
However, we assessed the association of the pre-selected
variables in univariable preliminary analyses, and predictors
with predefined multiple categories were simplified by
combining adjacent categories if their univariable effects were
similar (Supplementary methods, Section 1.3). Model perfor-
mance was primarily assessed using the area under the curve
(AUC) of the receiver operating characteristic (ROC) curve in
the complete dataset. We tested for AUC superiority using the
DelLong test for two correlated ROC curves.’° Upon suggestion
during the review process, decision curves were calculated to
provide an additional approach to assess predictive perfor-
mance. Model internal validation was performed using boot-
strap resampling methods at the cluster level (country).** The
model was internally validated using optimisme-corrected
concordance index performance (AUC), mean Brier score,
and calibration intercept and slope. We combined internal
validation and multiple imputation with bootstrap followed by
multiple imputation.>? All statistical analyses were performed
using R version 4.0.3 (2020-10-10). The analysis plan is posted
on the MET-REPAIR homepage (https://www.esaic.org/
research/clinical-trial-network/ongoing-trials/met-repair/
study-protocol-and-appendices/).

10,11,18,29

Sensitivity analyses of the main model

In a sensitivity analysis, we refitted the developed models
using the maximum functional capacity reported on the pa-
tient questionnaire. Robustness to imputation was assessed
by comparing performance of models fitted in the complete
dataset and in the imputed dataset.

Justification of deviation from the analysis plan in the
protocol

The study protocol included estimation of the net reclassifi-
cation index after addition of functional capacity to the RCRI
and the NSQIP MICA score. In light of controversies regarding
this measure,* > we decided a priori to not undertake this
analysis. A posteriori sensitivity analyses were conducted using
the RCRI and NSQIP MICA as baseline model. The decision to
run the analysis on the single components of the composite
only for the outcome ‘cardiac death’ was dictated by the
limited number of the other single events. For the same
reason, we decided not to conduct the planned subgroup an-
alyses (orthopaedic surgery, 31 MACE in 2756 patients;
vascular surgery, 28 MACE/1019; thoracic surgery, 16 MACE/
1050; and >65 yr with an RCRI <2 and an NSQIP <1%, 34 MACE/
3472).

Results
Descriptive data

The study flowcharts report the number of eligible, included,
and analysed patients (Fig 1); of note is the analysis of in-
hospital MACE based on the data of all 150 centres (15 406


https://www.esaic.org/research/clinical-trial-network/ongoing-trials/met-repair/study-protocol-and-appendices/
https://www.esaic.org/research/clinical-trial-network/ongoing-trials/met-repair/study-protocol-and-appendices/
https://www.esaic.org/research/clinical-trial-network/ongoing-trials/met-repair/study-protocol-and-appendices/
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patients with complete follow-up out of 15 767 enrolled pa-
tients). The analysis addressing the secondary endpoint of 30-
day MACE, was based on the patients enrolled in the 148 cen-
tres, who at the beginning of the study had committed to con-
ducting a 30-day follow-up after discharge as well (15 158
patients with complete 30-day follow-up out of 15 310 enrolled
patients). Covariable completeness was above 99%. Baseline
characteristics are reported in Table 1 and Supplementary
Table 1. There were 315 in-hospital events in 274 of 15 406 pa-
tients. These consisted of 123 (0.8%) cardiac deaths, 70 (0.45%)
Mis, 41 (0.27%) non-fatal cardiac arrests, 48 (0.31%) cases of
heart failure requiring transfer to a higher unit of care or pro-
longing stay on ICU/intermediate care (>24 h), and 33 (0.21%)
strokes.

Prediction of cardiovascular events using
questionnaire-assessed functional capacity in METs

The adjusted odds ratios and 95% confidence intervals (CIs) of
functional capacity in METs for in-hospital and 30 day MACEs
are shown in Table 2. The ROC AUC of the model, including
continuous METs, was 0.745 (95 % CI: 0.714—0.775) for in-
hospital MACE (P=0.124 compared with the baseline model).
Also, functional capacity dichotomised at 4 METs>'? was
independently associated with both in-hospital and 30 day
MACEs (Table 2). Optimal cut-off according to the maximum
Youden indexes was 5 METs. Functional capacity <5 METs was
associated with in-hospital MACE only in univariable analysis
(Supplementary Table 2; Table 2). Detailed results are provided
in Supplementary Tables 3—7. Brier score (within cluster,
imputed dataset) for the model using self-reported METs
dichotomised at 4 for MACE prediction was 0.012, calibration
slope 1.011, and intercept 0.008.

The sensitivity analysis using the maximum functional
capacity yielded similar findings (Supplementary Fig 1).

The sensitivity analyses using the RCRI and the NSQIP MICA
as baseline model confirmed the independent association be-
tween continuous and dichotomised at 4 METs when added to
the RCRI (+age) and to the NSQIP MICA, respectively
(Supplementary Tables 8 and 9). The addition of METs to the
RCRI (+age) improved discrimination (P=0.041), but effect size
was limited (ROC AUC 0.6874MeT+RCRI+age [95% CI: 0.654—0.720]
Us ROC AUC 0.675gcRi+age [95% CI: 0.642—0.709]) (Supplementary
Table 8). The addition of METs did not significantly increase
discrimination over the discrimination of the NSQIP MICA (ROC
AUCNSQIP MICA 0.672 [95% CL 0.640—0.705]) (Supplementary
Table 9) that in this external cohort was more limited than in
the original derivation/validation cohort.'*

Prediction of cardiovascular events using ability to
climb stairs

The ability to climb one or less floor (corresponding to two
flights of stairs) without resting was independently associated
with in-hospital MACE and 30 day MACE (Table 2); however,
stair climbing information did not significantly improve model
discrimination when compared with a model based on clinical
risk factors alone (Table 2). The sensitivity analyses using the
RCRI (+age) and the NSQIP MICA as baseline model indicated a
significant independent association between number of stairs
climbed and MACE. Stair climbing information improved
discrimination when added to RCRI and age (P=0.016); how-
ever, effect size was limited (ROC AUCfoors RcRItage 0.691
[0.660—0.722] vs ROC AUC 0.675gcri+age [95% Cl: 0.642—0.709)).

Stair climbing information did not improve discrimination
over the NSQIP MICA (Supplementary Tables 8 and 9).

Prediction of cardiovascular events using other
measures of functional capacity

Both self-appraised own cardiorespiratory fitness as being
lower than peers and inactivity or performing only limited
physical activity regularly (compared with >20 min week ™! of
brisk walking, jogging or running, cycling, swimming, or
vigorous sports at a comfortable pace or other activities
requiring similar levels of exertion) were independently
associated with in-hospital MACE and 30 day MACE (Table 2).
Only information on regular physical activity significantly
improved model discrimination when compared with the
baseline model (Table 2). However, the effect size (delta c-
statistics) was limited. Brier score (within cluster, imputed
dataset) for the model using regular physical activity dicho-
tomised for MACE prediction was 0.012, calibration slope
1.041, and intercept 0.008. The sensitivity analyses using the
RCRI (+age) and the NSQIP MICA as baseline indicated a sig-
nificant independent association of each alternative self-
reported functional capacity measure with MACE. Both alter-
native measures of functional capacity significantly increased
discrimination when added to RCRI (+age); however,
discrimination of RCRI-based models remained limited. None
of the alternative measures improved discrimination when
added to the NSQIP MICA (Supplementary Tables 8 and 9).
Decision analysis curves for the various models for in-hospital
and 30 day MACE, respectively, are shown in Supplementary
Figures 2 and 3. Decision analysis curves did not indicate any
relevant benefit of self-reported functional capacity measures
over clinical risk factors across misclassification cost ranging
up to 30% (decision curves). A misclassification cost of 5% (1/
20) refers to the willingness to accept 20 false positives per
each true positive; a misclassification cost of 30% (1/3.3) is the
acceptance of 3.3 false positives per each true positive.

Discussion
Main findings

The main findings of this analysis are that for patients un-
dergoing elevated risk noncardiac surgery, functional capacity
in METs estimated using self-reported tolerance of reference
activities was independently associated with in-hospital
MACE and MACE at 30 days. However, it did not improve
discrimination over a model based on clinical risk factors.
Hence, whilst limited self-reported functional capacity
increased the risk of MACE, this information did not contribute
to the differentiation of patients more likely to experience
MACE. The same applied to questionnaire-estimated func-
tional capacity dichotomised at the cut-off of 4 METs, as
endorsed by American guidelines.® The inability to climb one
floor (corresponding to two flights of stairs), as recently
endorsed by European guidelines,” was independently asso-
ciated with in-hospital and 30 day MACE. However, this in-
formation did not improve discrimination for MACE. Lower
self-perceived fitness compared with peers and limited regu-
lar physical activity were each independently associated with
in-hospital and 30 day MACE. Level of regular physical activity
significantly improved the discrimination for in-hospital
MACE; however, effect size was limited. In other words, in-
formation on the level of regular physical activity statistically
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contributed to the differentiation of patients more likely to
suffer a MACE; however, improvement was as limited as to
probably lack any clinical relevance. All self-reported func-
tional capacity measures improved discrimination over the
RCRI, but the effect size was limited. Discrimination over the
NSQIP MICA was not improved.

Comparison to previous studies
Studies using estimated METs

In the Measurement of Exercise Tolerance before Surgery
(METS) study,* physician-estimated METs (i.e. assessed in
unstructured interviews using questions at the discretion of
the attending physicians) were independently associated with
a composite endpoint of neither all-cause mortality and MI nor
all-cause mortality and myocardial injury at 30 days. In our
cohort, self-reported functional capacity in METs assessed
using a structured interview was independently associated
with in-hospital MACE and 30 day MACE. This divergence may
arise from different approaches used for METs estimation
(physician estimated/unstructured vs structured), different
endpoints, a greater burden of comorbidity in the MET-REPAIR
population (e.g. 12% vs 24% CAD), and different numbers of
events (28/1351 vs 274/15 406). Marsman and colleagues® pre-
sented a secondary analysis within a single-centre cohort of
4879 patients undergoing noncardiac surgery. Whilst inde-
pendently associated with myocardial injury after noncardiac
surgery, postoperative MI, and all-cause death, subjective
functional capacity in METs did not improve discrimination
compared with the RCRL® Sensitivity analyses within our
study suggest that functional capacity expressed in METs
improved discrimination compared with the RCRI. However,
(i) discrimination of the RCRI-based model was limited; and (ii)
in the main analysis using the study baseline model, neither
continuous nor dichotomised METs significantly improved
model discrimination over a clinical risk factor model.

Stair climbing for estimation of functional capacity

In a secondary analysis of a prospective cohort,’ the inability
to climb two flights of stairs was independently associated
with a composite of cardiac death and major adverse cardiac
events, and it improved risk classification over the RCRI
Whilst based on a large number of events, the study” suffered
from the fact that it was conducted in two centres only and
that it used the RCRI as baseline for reclassification in spite of
its limited discrimination (<0.7)> in the study sample.

The present study confirmed the independent association
between limited stair climbing ability and MACE after
noncardiac surgery. A discrimination improvement was
established only over the RCRI (in line with the study
mentioned earlier, albeit numerically more limited)® but not
over the full clinical model or over the NSQIP MICA. Further,
discrimination of the RCRI-based models remained limited
and delta c-statistics by the addition of stair climbing to RCRI
and age very modest.

Other approaches to the estimation of functional capacity

In the METS study, the DASI, a structured interview to assess
functional capacity, was independently associated with 30 day
mortality and MI, but it did not significantly improve reclassi-
fication over the RCRL* Similarly, in our study, there was a
significant association between various measures of functional

capacity assessed using a structured questionnaire and MACE;
however, this information did not significantly improve model
discrimination over clinical risk factors in the form of the study
baseline model or the NSQIP MICA. In contrast, all self-reported
measures of functional capacity improved discrimination
compared with the RCRI (+age).

In line with data for long-term cardiac death in the non-
operative setting,'® lower self-perceived own cardiorespira-
tory fitness compared with peers was independently associ-
ated with in-hospital and 30 day MACE in the present study.
This underlines patients’ self-awareness and does not support
concerns of observer bias in relation to self-reported func-
tional capacity.

In the general population, lower physical activity is associ-
ated with mid-to long-term all-cause and cardiovascular mor-
tality and cardiovascular disease.>**” Whilst a previous cohort
suggested a relevant proportion of sedentary lifestyle in pa-
tients planned for noncardiac surgery,*® the authors did not
assessits impact on outcome. The contribution of self-reported
level of physical activity towards cardiovascular risk prediction
in the noncardiac surgery setting needs confirmation in future
studies. Given the lack of other setting-specific studies and the
limited effect size, external confirmation of our findings with
regard to the prognostic gain using physical activity informa-
tion in observational studies appears warranted before
considering interventional studies comparing a physical
activity-based risk stratification approach to risk stratification
based on validated clinical models.

To summarise, in patients undergoing elevated-risk
noncardiac surgery, self-reported functional capacity mea-
sures were independently associated with MACE. However,
self-reported functional capacity information did not improve
discrimination over a model based on clinical risk factors or
over the NSQIP MICA. When using the RCRI as a risk estima-
tion tool, self-reported functional capacity information sta-
tistically improved discrimination, but the effect size was
limited and as such probably of limited clinical applicability.
Limited self-reported functional capacity adversely influenced
the risk of the major adverse cardiac events in patients sub-
mitted to noncardiac surgery. However, assessment of self-
reported functional capacity expressed in METs or the other
measured METs assessed here did not improve prediction of
outcomes compared with clinical risk scores/clinical risk fac-
tors (i.e. it did not contribute to the differentiation of patients
more likely to suffer an event). As such, caution should be
applied in the use of self-reported functional capacity to guide
clinical decisions in patients submitted to noncardiac surgery.

Strengths and limitations

The strengths of MET-REPAIR include a multicentre design
across a large number of countries, a large number of events,
and a population of patients at elevated cardiovascular risk
(i.e. those patients in whom preoperative assessment of
functional capacity is recommended).?? Further, in addition to
effort tolerance, we evaluated regular physical activity, as the
last may provide a perspective different from maximal effort
tolerance. This study has some limitations. First, whilst
attending physicians were not actively informed of the an-
swers to the questionnaire, there was a potential for perfor-
mance bias because estimation of functional capacity for risk
stratification is commonly included in preoperative assess-
ment. However, the effect of preventive measures for cardio-
vascular events after noncardiac surgery is uncertain. Second,
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the event rate for postoperative MI reported here is very low
compared with previous studies. This is likely because of
reduced sensitivity in endpoint detection because measure-
ment of postoperative troponin was not mandated. A pre-
liminary analysis of the various measures of functional
capacity to predict myocardial injury suggested the same
pattern (no improvement in prediction) as for the outcomes
evaluated here. The results on myocardial injury are not pre-
sented here because (i) myocardial injury was not a primary
endpoint; (ii) the centres applied various definitions in terms
of age, comorbidities, and type of surgery to define the target
population for the troponin surveillance; and (iii) the various
assays used (conventional and high sensitivity). Third,
although we encouraged the centres to include the most
eligible patients and they captured 86% of eligible patients, we
cannot exclude some non-responder bias. Of note, we did not
ask centres to collect information on which exclusion criterion
triggered exclusion, except for inability or unwillingness to
participate. Fourth, the primary endpoint was a composite of
major adverse cardiac events that had varying incidences and
was mainly driven by cardiac death and MI. Further, in the
perioperative literature, the components included in the
composite MACE are inconsistent across studies, and expert
consensus on what components MACE should include was
published in October 2020°° (i.e. after the MET-REPAIR study
completed recruitment). Therefore, the MACE definition used
here is not the one preferred by the Standardized Endpoints in
Perioperative Medicine initiative.>® Fifth, whilst the study
detected a significant association between questionnaire-
assessed METs dichotomised at 4 with MACE, it is important
to specify that questionnaire-assessed 4 METs might not be
equivalent to 4 METs measured during cardiopulmonary ex-
ercise testing but nearer to 5 METs (measured METs=0.51 x
questionnaire-assessed METS+2.93).°

Further studies may address how other approaches to risk
assessment (e.g. cardiac biomarkers) compare with self-
reported functional capacity for the prediction of cardiovas-
cular adverse events and in how far different approaches to
preoperative risk assessment modify outcome.

Conclusions

In patients undergoing elevated-risk noncardiac surgery, self-
reported functional capacity measures were independently
associated with MACE. However, self-reported functional ca-
pacity information did not improve discrimination over a
model based on clinical risk factors or over the NSQIP MICA.
When using the RCRI as a risk estimation tool, self-reported
functional capacity information statistically improved
discrimination, but the effect size was limited and as such
probably of limited clinical applicability. Limited self-reported
functional capacity adversely influenced the risk of the major
adverse cardiac events in patients submitted to noncardiac
surgery. However, assessment of self-reported functional ca-
pacity expressed in METs or the other measured METs
assessed here did not improve prediction of outcomes
compared with clinical risk scores/clinical risk factors (i.e. it
did not contribute to the differentiation of patients more likely
to suffer an event). As such, caution should be applied in the
use of self-reported functional capacity to guide clinical de-
cisions resulting from risk estimation in patients submitted to
noncardiac surgery.
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