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Abstract

Purpose Low cardiorespiratory fitness (CRF) increases the risk of postoperative morbidity and mortality following major
surgery. Assessing CRF preoperatively, by measuring peak oxygen uptake (VO,,,) during cardiopulmonary exercise testing
(CPET), is valuable yet not widely available. This study aimed to assess whether questionnaires could be used preoperatively
to identify high-risk surgical patients.

Methods Healthy participants and patients who underwent CPET completed the FitMax, Duke Activity Status Index (DASI),
the modified 4-questions DASI (M-DASI-4Q), Veterans-Specific Activity Questionnaire (VSAQ), and Metabolic Equivalents
of Task (MET) questionnaire. Questionnaire-VO,,,, was compared with CPET-VO,,.,,. Overall performance of the ques-
tionnaires was assessed by the area under the curve (AUC) of receiver operating characteristic (ROC) curves. Furthermore,
corresponding to the Youden index or pre-specified levels, sensitivity, specificity, and predictive values were determined.
Results In total, 361 participants were included. All questionnaires showed high AUC values to identify high-risk patients,
defined on the basis of CPET-VO,,,, thresholds. FitMax and VSAQ demonstrated superior results compared to the
other questionnaires. Based on the Youden index, the optimal questionnaire-VO,,,, cut-off values were 20.6, 21.3, and
26.1 ml-kg™"-min~" for the FitMax and 16.3, 18.2, and 20.4 ml-kg™"-min~" for the VSAQ corresponding to the VO, .
thresholds 16.0, 18.2 and 24.5 ml-kg~"-min~! respectively.

Conclusion The ability to identify high-risk surgical patients preoperatively (defined by the CPET-VO,, thresholds) by the
FitMax and the VSAQ indicates that they could be used to identify high-risk surgical patients. Patients with a poor predicted
VO,peak<21.3 and <18.2 ml-kg~!-min~!, respectively for FitMax and VSAQ, should be referred to formal preoperative
(cardiopulmonary) exercise testing.

Trial registration The study was registered as NL-OMON23304 in the Overview of Medical Research in the Netherlands,
retrospectively at 28—04-2020.

Keywords Aerobic fitness - Cardiopulmonary exercise testing - Preoperative risk assessment - Preoperative care - Patient-
reported outcome measure
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Introduction

Cardiorespiratory fitness (CRF) is defined as the integrated
capacity to take in, transport, and utilise oxygen; thus it
provides a reflection of an individual’s functional capacity
[1]. Surgery imposes increased metabolic demands on the
body’s cardiorespiratory system. Patients with low CRF
are more prone to worse surgical outcomes, such as com-
plications, longer length of hospital stay, and postoperative
mortality [2—-4]. Especially in high-risk patients, promis-
ing effects of (p)rehabilitation programmes are observed,
emphasising the importance to timely identify and counsel
patients with low CRF to consider preventive preoperative
interventions [5-9].

In current clinical preoperative practice, functional
capacity is often assessed subjectively by anaesthesiolo-
gists, using a scoring system such as the American Society
of Anaesthesiologists (ASA) physical status classification
[10, 11]. In contrast, CRF assessment by objectively meas-
uring oxygen uptake at peak exercise (VOy.,) during
maximal cardiopulmonary exercise testing (CPET) is con-
sidered the gold standard and leads to a more accurate risk
assessment [11, 12]. CPET provides useful information for
perioperative risks and detects the cause of exercise limita-
tion [13, 14]. Several risk thresholds have been described
for objectively measured preoperative VO, to predict
postoperative complications [15-17]. However, perform-
ing CPET is costly, labour-intensive, and interpretation is
difficult, especially in patients with (multiple) comorbidi-
ties; therefore, it is not widely applicable for preoperative
risk assessment [18, 19]. Moreover, CPET outcome meas-
ures showed a consistent variability in repeated testing in
unfit patients, leading to the requirement for more reliable
ways to determine VO, [20].

Patient-reported questionnaires are frequently used as
an alternative to estimate VO, [21]. Examples of such
questionnaires are the FitMax®© questionnaire (hereafter
FitMax) [22], the Duke Activity Status Index (DASI) [23],
the modified version of the DASI with only four ques-
tions (M-DASI-4Q) [24], the Veterans-Specific Activity
Questionnaire (VSAQ) [25], and the Metabolic Equiva-
lents of Task (MET) questionnaire (commonly used in
The Netherlands) based on the international compendium
for MET [26]. A limitation of these questionnaires is the
use of activities that are not performed worldwide (e.g.,
basketball, cross-country skiing, cycling) [22, 27]. Cor-
relations of these self-reported questionnaires with objec-
tively assessed CPET-VO,,,, vary among different study
populations, and particularly detecting patients with a low
CRF remains difficult [12, 23, 25, 28-31]. The accuracy
of these questionnaires to detect predefined clinically rel-
evant VO, thresholds is unknown. Therefore, the main
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aim of this study was to evaluate whether self-reported
questionnaires could be used in the preoperative evaluation
to identify high-risk surgical patients, using predefined
clinically relevant VO, thresholds corresponding to a
higher risk for complications.

Material and methods
Setting and population

Patients and healthy participants aged > 18 years who were
scheduled for CPET, either for medical purposes or as part
of a general health check, were approached for participation
in the current study. Data was collected at the Méaxima Medi-
cal Centre (MMC), a Dutch non-academic teaching hospital,
and Ancora Health, a digital start-up in preventive health-
care in the Netherlands, from 2018-2024. Ethical approval
for this study (reference number N18.051) was provided
by the authorised Medical Research Ethics Committee of
the MMC, Veldhoven, on 30 April 2018 (reference number
N18.051). Data from participants in previous (external vali-
dation group of the FitMax prediction model) and ongoing
studies were included retrospectively in the current study
[22, 30, 32]. Subjects were eligible for inclusion if they were
proficient in the Dutch language and completed the ques-
tionnaires within 42 days from the day of CPET. The ASA
classification, of the included general population, was deter-
mined following the guidelines of the American society of
Anaesthesiologists to assess the participants’ physical status
[10, 11]. All participants provided written informed consent
for the use of their data.

Cardiopulmonary exercise testing

CPET was conducted in accordance with international rec-
ommendations [33]. Pre-test instructions included intake
of regular medication, as well as no heavy exercise and no
large meal two hours prior to the exercise test. The CPET
protocol is extensively described in our FitMax validation
study [22]. All tests aborted for medical reasons (substan-
tial ECG changes, cardiac symptoms, severe orthopaedic
problems) were excluded. VO, was calculated using the
30-s average of VO, values prior to peak exercise and was
subsequently normalised for body mass.

Self-reported questionnaires

FitMax consists of three single-answer questions to estimate
a subject’s maximum capacity of walking, cycling, and stair
climbing on a 14-point, 12-point, and 11-point scale, respec-
tively. FitMax scores for each item were incorporated with
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age, sex, and body mass index into a prediction algorithm to
estimate VO,,,,, [22]. The DASI includes 12 daily activities,
of which a weighted sum score leads to an estimated VO, ¢,
value. Scores range from 0 to 58.2, resulting in VO, val-
ues from 9.6 to 34.6 ml-kg~"min~! [23]. More recently, a
study on the M-DASI-4Q was performed, in which only four
questions of the original DASI were selected to predict the
preoperative risk of complications [24]. For the M-DASI-
4Q, no algorithm to estimate VO, Was available. As such,
only the score of the M-DASI-4Q on a scale from 1-4 was
included. The VSAQ focuses on daily activities ordered
with increasing difficulty on a 13-point scale, of which the
first limiting activity corresponds to an equivalent number
of maximal METs. This MET score is combined with age
to estimate VO,,,, [25]. The results of the FitMax, DASI,
and VSAQ were converted into VO, in ml-kg~!-min~!,
following the guidelines of each questionnaire [22, 23, 25].
The MET questionnaire is applied preoperatively by anaes-
thesiologists in (Dutch) hospitals, to assess CRF. It consists
of 9 items with increasing MET values based on the glob-
ally used MET compendium of physical activities, in which
the subject is asked to rate their maximum capacity [26].
VO, Values were calculated by multiplying the reported
MET scores by 3.5 ml-kg~!-min~".

Statistical analysis

Normality of the data was visually evaluated by histograms
and naive assessment of skewness and kurtosis [34]. Con-
tinuous variables are reported as mean + standard deviation
in case of normal distribution, and median and interquartile
range (IQR) otherwise. Categorical variables are presented
as count n with percentage (%).

The American Heart Association stated that for patients
with a MET value >7 (VO >24.5 ml-kg™-min~"),
preoperative CPET had no additional value, since the
risk of perioperative cardiovascular events was low [17].
Furthermore, literature suggests that a VO, 0f <16.0
or<18.2 ml-kg~"-min~! is significantly associated with
an increased risk of postoperative complications [15, 16].
These VO, thresholds were selected for the current study
as an indicator of a higher preoperative risk for complica-
tions. Receiver operating characteristic (ROC) curves were
used as a graphical approach to compare the performance
of the questionnaires, separately at the considered VO,
thresholds (<16.0,<18.2, and <24.5 ml-kg~!-min~'). The
area under the curve (AUC) was determined, with corre-
sponding 95% confidence intervals (CI) [35]. Also, the opti-
mal cut-off value in the prediction from the questionnaires
was determined as the one maximizing the Youden index,
the maximum difference between sensitivity (the probabil-
ity of correctly classifying subjects below the predefined
VO, thresholds), and the complementary of specificity

(the probability of incorrectly classifying subjects above
the predefined VO, thresholds) [36]. In clinical practice,
a high sensitivity may be more important than specificity
to prevent false negative outcomes [37]. Since the Youden
index does not distinguish between the importance of these
two measures, the optimal FitMax cut-off value for prede-
termined sensitivity values from O to 1 in steps of 0.05 were
also presented [38]. Sensitivity, specificity and predictive
values were calculated for the questionnaire cut-off values
[37, 39]. We have also quantitatively compared the consid-
ered metrics (AUC [35], Youden index [36, 40], and prede-
termined sensitivity [38]), pairwise between the FitMax and
the other questionnaires, and applied the Benjamini—Hoch-
berg correction for multiple testing [41]. This was done in
the pROC package in R, using the stratified bootstrap option
(10000 bootstrap replicates; retaining similar case-controls
observations) [35, 42, 43]. To assess the performance of
the questionnaires in a subpopulation that is at higher pre-
operative risk for complications (ASA >1I) [11], the same
analyses were repeated on two subgroups based on the ASA
physical status classification (I-II and III-IV). Statistical
analysis was performed using R (R-version 4.3.1) [44]. All
p-values <0.05 were considered statistically significant.

Results

In total, 361 participants (277 men and 84 women) were
eligible for analyses (e.g., complete cases, within 42 days
of CPET). Participants’ age ranged from 19—90 years with
a VO, ranging from 7.8—71.4 mlekg~lemin~!. Cardiac
evaluation (58%) was the most common reason for CPET
in men and pulmonary evaluation (55%) was the most com-
mon reason in women, in the current study population.
The most frequent physical status classification was ASA
III (32%) (Table 1). Median (IQR) CPET-VO,,,, was 27.6
(17.0-40.0) m1~kg‘1-min_1 for men, and 19.5 (16.0-26.6)
ml-kg~!-min~! for women, reflecting on average 91% and
100% of the reference value for healthy Dutch males and
females, respectively [45].

The AUC of the FitMax was significantly higher com-
pared to the DASI, MET-questionnaire, and the M-DASI-
4Q for the included thresholds, in the total study popu-
lation (Fig. la-c). An AUC of 0.93 (0.90-0.95), 0.93
(0.90-0.95), and 0.97 (0.95-0.99) was found to detect
patients at risk based on the VO, <16.0,<18.2,
and <24.5 ml-kg~"-min~!, respectively. The AUC of
the FitMéax was not significantly different compared to
the VSAQ, except for the predefined VO, threshold
of <24.5 ml-kg™!-min~!, in which a statistically significant
difference was found.

The FitMéx cut-off values corresponding to the maxi-
mal value of the Youden index, obtained high sensitivity

@ Springer



372 Page 4 of 11

Langenbeck's Archives of Surgery

(2024) 409:372

Table 1 Participant baseline characteristics

Variable

Total (100%, n=361)

Male (77%, n=277)

Female (23%, n=284)

n
Anthropometrical data
Age (years) *
Body height (cm) *
Body mass (kg) *
BMI (kgem™2)
FEV, (L) *
FVC (L) *
COPD, GOLD classification
None
GOLDI
GOLD II
GOLD III
GOLD IV
Use of p-blocker
Yes *
No
ASA-Classification *
Missing
I
I
I
v
Reason CPET *
Health check-up
Cardiac evaluation *
Pulmonary evaluation *
Oncologic rehabilitation
CPET data
VO e (mlekg~'emin~!) *
WR e (W)
HR,,, (beatsemin™")
RER
Exercise time (min)

VO, reference * (mlekg~'emin~!) *

% of the reference VO, *

Questionnaire data

Time between CPET and questionnaires (days)
FitMax-VO, 5 (ml-kg™"-min~") *

DASI-VO, (mlkg ™ min™") *

VSAQ-VO,y (ml-kg™"-min~") *

MET questionnaire-VO,.x (ml-kg™!-min~ )

M-DASI-4Q *

61 [51-70]
176 [169-183]
81 [72-92]
25.9[23.6-29.0]
3.24[2.36-3.95]
4.10 [3.18-4.96]

325 (90%)
5(1%)

17 (5%)
11 3%)
3(1%)

115 (32%)
246 (68%)

54 (15%)
66 (18%)
85 (24%)
117 (32%)
39 (11%)

59 (16%)
183 (51%)
103 (29%)
16 (4%)

25.3[17.2-38.4]
176 [102-285]
155 [131-171]
1.14 [1.08-1.20]
9.3 [8.2-10.4]
29.9 [24.8-34.6]
92.9 [69.0-116.3]

0 [—-5-0]
25.1[18.6-38.3]
31.2 [21.9-34.6] **
22.4[15.1-36.9] #*
24.5[14.0-28.0] **
3[1-4]

61 [52-70]
179 [174-184]
83 [76-93]

25.8 [23.9-28.9]
3.49 [2.70-4.11]
4.44 [3.63-5.10]

250 (90%)
3(1%)

12 (4%)
10 (4%)
2(1%)

97 (35%)
180 (65%)

48 (17%)
45 (16%)
59 (21%)
89 (32%)
36 (13%)

50 (18%)
160 (58%)
57 (21%)
10 (4%)

27.6 [17.0-40.0]
208 [113-315]
157 [131-171]
1.15 [1.09-1.21]
9.4 [8.4-10.4]
31.5[27.5-35.2]
91.4[65.6-116.3]

0 [-6-0]
30.1[19.1-39.5]
31.4 [22.2-34.6]%*
29.0 [15.7-37.3]%*
24.5[17.5-35.0]%*
3[2-4]

58 [46-68]

165 [161-171]
71 [61-83]

26.0 [22.1-29.1]
2.25[1.71-2.97]
2.91 [2.40-3.66]

75 (89%)
2 (2%)
5(6%)
1 (1%)
1 (1%)

18 (21%)
66 (79%)

6 (1%)
21 (25%)
26 (31%)
28 (33%)
3 (4%)

9 (11%)
23 (27%)
46 (55%)
6 (7%)

19.5 [16.0-26.6]
108 [80-160]

153 [131-169]
1.12 [1.07-1.18]
8.9 [7.6-10.4]
22.6 [17.6-28.0]
99.5 [77.4-115.6]

0[-1-0]
20.9 [15.8-27.4]
25.4[19.6-32.0]
18.6 [14.2-22.7]%*
21.0 [14.0-24.5]
2[1-4]

Results are displayed as n (%) or median [IQR]

Missing information, number of subjects: FEV , 2; FVC, 2; DASI-VO,,.,i, 120; VSAQ-VO,;,,, 39; MET questionnaire-VO,;,.,, 50

* Significantly different between female and male subjects. In case of categorical values, a post hoc analysis with Bonferroni correction for mul-
tiple testing was performed

** Significantly different from CPET

“The prediction model for VO, of the LowLands Fitness Registry was used as a reference value[45]

Abbreviations: ASA, American Society of Anesthesiologists physical status; BMI, body mass index; COPD, chronic obstructive pulmonary dis-
ease; CPET, cardiopulmonary exercise testing; DASI, duke activity status index; FEV,, forced expiratory volume in 1 s; FVC, forced vital capac-
ity; GOLD, Global initiative for chronic Obstructive Lung Disease; HR,.,, heart rate at peak exercise; M-DSAI-4Q, modified 4-question duke
respiratory exchange ratio at peak exercise; VO,q,, OXygen uptake at peak
work rate at peak exercise

activity status index; MET, metabolic equivalent of task; RER
exercise; VSAQ, veterans-specific activity questionnaire; WR
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Fig.1 ROC curves for detecting predefined VO, thresholds Graphs g-i: ROC curves to detect VO, <16.0,<18.2

with patient-reported questionnaires. Notes: AUC is reported with
95% CI. Graphs a-c: ROC curves to detect VO, <16.0,<18.2
and<24.5 mlkg 'min~' in the total study population (n=361).
Graphs d-f: ROC curves to detect VO,,<16.0,<18.2
and<24.5 mlkg 'min~! in a subgroup with ASA I-II (n=151).

(>87%), and high negative predictive values (NPV >90%)
across all predefined values of the CPET-VO,,, thresh-
olds (Table 2) [36]. The FitMéx cut-off value correspond-
ing to the VO, threshold <24.5 ml-kg~'-min~!, with
highest specificity and positive predictive value (PPV), was
26.1 ml-kg~'-min~"'. Using this cut-off, the FitMé4x achieved
a sensitivity of 97%, specificity of 91%, PPV of 91%, and

and <24.5 ml-kg~!-min.”! in a subgroup with ASA TII-IV (n=156).
° Youden index of the FitMéx. * Significant different AUC compared
to the FitMax (complete case analysis). T Significant different Youden
J-statistic compared to the FitMax (complete case analysis)

NPV of 97%. The corresponding cut-off value for VSAQ was
20.4 ml-kg~!-min~!, with a sensitivity of 89%, specificity
of 90%, PPV of 88%, and NPV of 92%, which are slightly
lower compared to the FitMax. The analogous optimal cut-
off value of the DASI was 29.2 ml-kg_l-min_l, and resulted
in a sensitivity of 92%, specificity of 82%, PPV of 81%, and
NPV of 93%, which are lower compared to both FitMax
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Table 2 Questionnaire

i Questionnaire and prede-  Questionnaire Cut-off value ~ Sensitivity ~ Specificity = PPV~ NPV
cut-off values to detect fined VO, threshold
aV0,,.,, <16.0,<18.2 P
and <24.5 ml-kg~!-min~! based FitMax
on Youden index in the total 11 1o
. <16.0 ml-kg™"-min 20.6 ml-kg™ " -min 0.97 0.77 0.45 0.99
study population (n=361)
<182 mlkglmin™'  21.3 mlkg !min~! 0.87 0.83 0.69 094
<24.5mlkglmin™!  26.1 mlkg~!min~! 0.97 0.91 091 097
DASI
<16.0 mlkkglmin™' 229 ml.kg~!min~! 0.84 0.75 028 098
<182 mlkg 'min~!  24.1 ml'.kg~"min~! 0.80 0.80 057 092
<245 mlkg "min™"  29.2 ml'kg~"-min~! 0.92 0.82 081 093
M-DASI-4Q
<16.0 ml’kg'min~!  2.0° 0.97 0.65 026  0.99
<182 mlkg 'min~!  2.0°? 0.85 0.73 052 093
<245 mlkglmin™!  2.0° 0.81 0.88 0.84 085
VSAQ
<16.0 ml’kg "min~!  16.3 ml-kg~"-min~! 0.90 0.77 036 098
<182 mlkg ''min~!  18.2 mlkg~"min~! 0.90 0.79 0.59  0.96
<245 mlkg™"'min~!  20.4 ml-kg~"-min~! 0.89 0.90 0.88 092
MET questionnaire
<16.0 mlkg~'min~!  17.5 ml-kg~"-min~! 0.89 0.71 030  0.98
<182 mlkg 'min~!  17.5 ml-kg~"-min~! 0.78 0.78 0.54 091
<245 mlkg "min™!  17.5 ml'.kg~"-min~! 0.74 0.94 090 082

* Predefined VO, thresholds and Questionnaire cut-off values are expressed in ml-kg™!-min~! except for

the M-DASI-4Q

Abbreviations: DASI, duke activity status index; M-DSAI-4Q, modified 4-question duke activity status
index; MET, metabolic equivalent of task; NPV, negative predictive value; PPV, positive predictive value;
VO,pears OXygen uptake at peak exercise; VSAQ, veterans-specific activity questionnaire

and VSAQ. These results were generally the same for the
VSAQ and DASI in relation to the FitMax for the two other
VO, thresholds (i.e.,<18.2 and <24.5 ml-kg™"-min™")
(Table 2). For the MET-questionnaire and the M-DASI-4Q,
the cut-off values of 17.5 ml-kg™!-min~! and 2.0 (on a scale
1-4) were found (due to the nature of these questionnaires),
corresponding to all three predefined VO, thresholds.

Table 3 presents FitMax cut-off values corresponding to
the predefined VO, thresholds for predetermined sensitiv-
ity values. This enables clinicians to select the most suitable
FitMax-VO,,,, cut-off values in specific clinical situations.

The subgroup analysis based on ASA physical status
classification consisted of 151 participants (104 men and
47 women) with ASA I-II, and a median (IQR) VO,
of 34.3 (27.1-42.7) mlekg~'emin~! and 22.5 (18.7-27.0)
mlekg~'emin~!, for men and women respectively. The
subgroup of ASA III-IV consisted of 156 participants
(125 men and 31 women), with a median (IQR) VO,
of 17.8 (16.0-23.7) mlekg~'emin~! and 16.2 (13.6-18.0)
mlekg~'emin~!, for men and women respectively.

AUC values of the questionnaires did not show a signifi-
cant difference, when compared pairwise to the FitMax in the
subgroup with ASA I-1I (Fig. 1d-f). In the subgroup with ASA
II-TV, FitMéx showed a significantly higher AUC compared

@ Springer

to the DASI, MET-questionnaire, and M-DASI-4Q for the
VO,peq threshold < 16.0 mlekg™'emin~". The AUC for the Fit-
Max was not significantly different compared to the VSAQ
(Fig. 1g). For the VO, thresholds of <18.2 and <24.5 the
AUC of the FitMax showed only a significant difference when
compared to the MET-questionnaire (Fig. 1h-i). As expected,
the 95% CI are larger in the subgroup analyses compared to
the total study population (Fig. 1).

For the subgroup with ASA III-1V, different optimal ques-
tionnaire cut-off values were found based on the Youden
index, compared to the total study population (supplemen-
tary Table 1). For the FitMax and DASI, the optimal cut-
off values are closer to the predefined VO, thresholds
compared to the other questionnaires. For the VSAQ, the
optimal cut-off values are lower compared to the prede-
fined VO, thresholds. The M-DASI-4Q and the MET-
questionnaire showed the same cut-off value as in the total
study population, except for the MET-questionnaire on the
VO,peqk threshold of <16.0 mlekg~'emin~", for which a cut-
off value of 14.0 mlekg™'emin~! was found. Overall, in the
subgroup with ASA III-IV, lower sensitivity values and NPV
were found for all questionnaires to distinguish patients at
risk. On the other hand, specificity and PPV were gener-
ally higher in the ASA III-IV subgroup, compared to the
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total study population. To reach a predetermined sensitivity
of 90%, cut-off values for the FitMax were 19.3, 22.2, and
23.4 mlkg™"min~" corresponding to VO, thresholds
of <16.0,<18.2, and <24.5 ml-kg~!-min~!, respectively.

Discussion

The current study investigated whether self-reported ques-
tionnaires could be used in the preoperative evaluation to
identify high-risk surgical patients, using predefined clini-
cally relevant VO, thresholds corresponding to a higher
risk for complications. Overall, all questionnaires demon-
strated good ability to identify patients at high preoperative
risk (with the VO, thresholds as standard criterion) in the
current study population [46]. However, differences in sen-
sitivity, specificity, NPV, and PPV exist and should be taken
into account in specific clinical situations. Not all question-
naires may be suitable in clinical practice, since their cut-
off values may lead to many false positive outcomes, and
patients may be referred for additional exercise testing or
preventive measures unnecessarily. The FitMax and VSAQ
performed superiorly compared to the DASI, M-DASI-4Q,
and MET questionnaire. In previous studies, DASI, VSAQ
and FitMax have shown to diverge in performance (correla-
tion, bias and 95% limits of agreement) in predicting CPET-
VO,cqx in several study populations [12, 23, 25, 28-31].
Struthers et al. reported poor discriminative ability of the
DASI between patients with higher and lower preopera-
tive risk, which may be caused by the relatively low mean
VO,peq 0f 18.7 ml-kg™"-min~" in their study population [29].
Wijeysundera et al. reported that subjective assessment with
a MET categorization failed to detect low CRF in a study
population with a mean VO, ., of 19.2 ml-kg~!-min~! and
a small range in VO,.,, [12]. The small range in VO,q,
is mostly due to a higher mean age and considerably less
healthy participants in the study groups as opposed to the
current study (median VO, of 25.3 ml-kg™"-min~") [12,
29]. Possibly, the presence of more fit subjects in a popu-
lation enlarges the discriminative ability of questionnaires
to detect subjects with lower CRF and concomitant higher
preoperative risk for complications [2—4]. A lower discrimi-
native ability of questionnaires to identify patients with low
CREF, is also found in the current study in the subgroup with
ASA III-IV.

In this study, AUC values to classify subjects based on
VO,pcqx thresholds were highest for the FitMax for all three
considered VO, thresholds in the total study popula-
tion and in the subgroups based on the ASA classification.
However, the AUC values of the FitMax were not always
significantly higher compared to the other questionnaires.
Also, optimal questionnaire cut-off values based on the
Youden index were presented. However, the Youden index
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does not distinguish between the importance of sensitivity
versus specificity in clinical situations [36]. Therefore, an
additional analysis based on predetermined sensitivity val-
ues was performed [38]. To reach a sensitivity of 90%, the
FitMax cut-off values of 19.5, 22.3, and 23.8 ml-kg~!-min~!
were found in correspondence with VO, .., thresholds
of <16.0,<18.2 and <24.5 ml-kg~!-min~", respectively.
Depending on the VO, threshold that is used in clini-
cal practice, preoperative CPET may be unnecessary for
patients with VO, estimated from the FitMax question-
naire above these cut-off values, unless an underlying car-
diac or pulmonary exercise limitation is suspected.

Subgroup analyses based on ASA classification showed
comparable AUC values for ASA I-1I, and lower AUC values
with wider 95%-CI for ASA III-1V to detect the predefined
VO, thresholds, compared to the total study population
[46]. As described earlier, this leads to the assumption that
the discriminative ability of the questionnaires is lower in a
population with lower mean CRF [29]. Based on the sensitiv-
ity analysis in the ASA III-IV subgroup, the same FitMax cut-
off value was found to detect VO, <18.2 mlkg™'min~",
and slightly different cut-off values were found to detect
VOypea <16.0 and <24.5 ml-kg™"min~!, compared to the
total study population. However, specificity and PPV are
lower compared to the total study population, indicating more
false-positive and less true-positives cases. This means being
classified as less fit because of a low FitMax-VO, . in the
ASA TII-IV subgroup, does not necessarily mean a person is
truly less fit [37].

Remarkably, the optimal cut-off values of the
MET-questionnaire based on the Youden index are
the same for all predefined VO, thresholds, except
for the cut-off value corresponding to the threshold
V0,0 <16.0 ml-kg™"min~" in the ASA III-IV subgroup
[36]. The cut-off value of VO, ., <17.5 ml-kg™"-min~"
corresponds to the METs cut-off value of 7, as suggested
by the American Heart Association [17]. Based on the
Youden index, the M-DASI-4Q only showed one possi-
ble cut-off value of 2.0 (on a scale 1-4). This is probably
due to the sole purpose of the questionnaire to provide
a preoperative risk cut-off point [36]. Based on the cur-
rent study results, it is recommended to use the FitMax
or VSAQ in preoperative screening to distinguish patients
at a higher risk based on predefined VO,,, thresholds.
However, these self-reported questionnaires do not take
patients’ comorbidities into account. It is therefore advised
to combine subjective assessment by anaesthesiologists/
physicians with the questionnaire-predicted CRF to enable
informed decision-making [11]. Patients with a poor result
(predicted VO, <21.3 and <18.2 ml-kg™"-min~" respec-
tively for FitMax and VSAQ) could benefit from further
preoperative (cardiopulmonary) exercise testing and pre-
ventive interventions (e.g., prehabilitation).
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Study limitations and implications for future
research

The main limitation of the current study is that data was used
from a cohort of participants recruited in a general clinical set-
ting instead of a specific preoperative setting. Although ASA
IIT was the most common physical status classification in the
current study population, indicating patients with severe sys-
temic diseases[11], one might question to which extent results
can be extrapolated to a preoperative population, since postop-
erative follow-up was not possible. Future studies should focus
on the direct relationship of questionnaire-estimated preopera-
tive VO, With peri- and postoperative outcomes (e.g. length
of hospitalization, complications, mortality) in a surgical study
population to validate the role of questionnaires in preoperative
risk screening and/or assessment. Moreover, the current study
population consisted of mainly male subjects (77%). A recent
study reported a sex-specific difference in VO, thresholds
for predicting postoperative complications [47]. To enhance the
interpretability for female subjects, more data should be col-
lected to evaluate the accuracy of detecting sex-specific VO,
thresholds. A limitation of the questionnaires is the inclusion of
activities that are not globally practiced (e.g. cycling, basketball,
skiing) [22, 27]. However, in the previous validation study, the
predicted VO, based on the FitMax without cycling showed
similar results compared to the FitMax with cycling [22].

Conclusion

The FitMax, DASI, M-DASI-4Q, VSAQ, and MET ques-
tionnaire all showed high AUC values in a general Dutch
population to preoperatively identify patients at high risk,
in which the FitMax and VSAQ performed superiorly. Both
could be used as self-reported questionnaires to identify
high-risk surgical patients who might benefit from formal
preoperative (cardiopulmonary) exercise testing and preop-
erative interventions to reduce surgical risks.

Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s00423-024-03560-0.
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