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ABSTRACT

Objectives Cardiopulmonary exercise test (CPET)
provides accurate evaluation of physical capacity and
disease severity in children with congenital heart disease
(CHD). However, full participation to obtain optimal
measure of VO, _ may be difficult. As an alternative, the
oxygen uptake efficiency slope (OUES) is a reproducible
and reliable parameter measured during CPET, which
does not require a maximal exercise to be interpretable.
This study aimed to evaluate the QUES of a large cohort
of children with CHD, in comparison with healthy
controls. We also intended to identify, in this specific
population, the clinical and CPET variables associated
with the QUES.

Methods This cross-sectional study was carried out
between November 2010 and September 2015 in two
tertiary care paediatric and congenital cardiology centres.
Results 709 children were included (407 CHD and

302 healthy controls). The association of clinical
characteristics with weight-normalised OUES (OUESkg)
was studied using a multivariable analysis. The mean
OUES, _ was significantly lower in CHD than in healthy
contro?s (38.6+8.5and 43.9+8.5; p<0.001, respectively),
especially in the most severe CHD. The OUES,, correlated
with Vo, (r=0.85, p<0.001), with cut-off values

for normal exercise capacity of 38.4 in boys and 31.0

in girls. The decrease of OUES,, was associated with
increased age, increased Body Mass Index, number of
cardiac catheter or surgical procedures, female gender
and decreased forced vital capacity (Z-score).
Conclusion The OUES is significantly impaired in
children with CHD and strongly correlates with VO, .
The OUES has the same clinical determinants as VO,
and therefore may be of interest in submaximal exercise.
Trial registration number NCT01202916.

INTRODUCTION

Cardiopulmonary exercise test (CPET) has be ne
a key examination to assess physical capacity and
disease severity in adult cardiology,' as well as,
more recently, in paediatric cardiology.” Indeed,
CPET provides an evaluation of the maximal
oxygen uptake (VCO,, ), which correlates with
both quality of life and prognosis.’

In clinical practice, a maximal CPET with optimal
measure of VO,  may be difficult to obtain in
patients with congenital heart disease (CHD), espe-
cially in children. When the VO, _ does not reach

» Full participation to obtain optimal measure of
VO, . may be difficult.

» The oxygen uptake efficiency slope (OUES)
does not require a maximal exercise to be

interpretable.

» The OUES is significantly impaired in children
with congenital heart disease.

» The OUES strongly correlates with VO, .

» The OUES has the same clinical determinants as
VO

2max”

criteria for maximal effort, the peak VO2 is usually
informed in paediatrics.” ° Indeed, the quality of
CPET measures can be strongly influenced by
the motivation of patients, the type of exercise
protocol and the laboratory technician’s experi-
ence.® As a maximal CPET does not reflect daily
life physical activities, parameters evaluated during
submaximal exercise have been considered as more
clinically relevant.” Indeed, based on submaximal
CPET parameters such as the ventilatory anaer-
obic threshold (VAT), children with CHD are not
limited in their submaximal exercise capacity.® Simi-
larly, in patients with severe cardiac conditions for
which VO,  measures are difficult to obtain, the
ventilatory efficiency (VE/VCO2 slope) stands as a
reliable submaximal parameter strongly correlated
to prognosis.’

The oxygen uptake efficiency slope (OUES),
which also does not require maximal exercise to
be measured, has been previously used to evaluate
exercise tolerance in healthy children and adults
with chronic heart failure.'* !

The OUES is derived from the logarithmic rela-
tion between oxygen uptake and minute ventila-
tion during incremental exercise, reflecting oxygen
transport response to muscular oxygen consump-
tion’s increase. The OUES has been considered
less dependent on the incremental protocol used
for exercise testing than VO, and VAT,'® with
reproducible and reliable results, it was interpre-
table in non-maximal exercise.'” A cut-off value of
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Figure 1  Flow chart. CHD, congenital heart disease.

weight-normalised OUES (OUES, ) >34.6 has been suggested
by Hossri et al to identify children with normal functional
capacity.” In congenital cardiology, the OUES might discrimi-
nate children with CHD versus healthy children,'* and would
even be superior to VO,__in terms of cardiac morbidity predic-
tion in patients with a Fontan circulation,” as well as in heart
failure.’® Recently, the OUES has been used as a predictor of
cardiac hospitalisation for patients with repaired tetralogy of
Fallot'” and pulmonary hypertension.'s '’

Nevertheless, as opposed to VO, _, VAT and VE/VO2 slope,
the OUES remains scarcely used in routine follow-up of cardiac
patients, few CPET equipment manufacturers have incorpo-
rated OUES calculation in their software and no data from a
large controlled cohort have established the interest of OUES in
paediatric cardiology.

This study aimed to evaluate the OUES of a large cohort of
children with CHD, and to compare the results with age-matched
and gender-matched healthy controls. We also intended to iden-
tify, in this specific population, the clinical and CPET variables
associated with the OUES.

Table 1 Main demographic and CPET data: comparison between
CHD and control group

CHD Control P value
N 407 302 -
Age (years) 12.2+3.4 11.1+26  <0.001
Height (cm) 150.9+17.6 150.0+16.0  0.40
Weight (kg) 443+159  42.2+13.3 0.19
Sex ratio (male/female) 1.3 1.3 0.80
VO, (mL/kg/min) 37.7+6.9 42.6+6.9  <0.001
VO, predicts (%) 93.6+17.7 106+17.7  <0.001
VO, predicts <80% (n, %) 104 (25.6) 19(6.3) <0.001
VO, . predicts =80% (n, %) 303 (74.4) 283 (93.7)
Peak heart rate (beats per min) 175.3+15.8 187.6+15.9 <0.001
Percentage of predicted peak heart rate (%) 84.2+7.6 90.1+7.6 <0.001

RER 1.13+0.1 1.13+0.1 0.47

Maximum load (W) 89.9+443  121.8+44.2 <0.001
FEV1 (Z-score) —0.47+1.28 0.40+1.09  <0.001
FVC (Z-score) -0.43+£1.43 0.41+£1.26  <0.001

FEV1/FVC (Z-score) 0.05+1.34  0.04+1.18 0.66

Values are mean=SD.

CHD, congenital heart disease; CPET, cardiopulmonary exercise test; % FEV1, forced
expiratory volume in 1s; % FEV1/FVC, Tiffeneau index; % FVC, forced vital capacity;
RER, respiratory exchange ratio.

METHODS

Study design

This cross-sectional study was carried out between November
2010 and September 2015 in two tertiary care paediatric and
congenital cardiology reference centres (centre 1: M3C Regional
Pediatric and Congenital Cardiology Centre, Montpellier
University Hospital, France; centre 2: Pediatric Cardiology and
Rehabilitation Centre, Institut-Saint-Pierre, Palavas-Les-Flots,
France).

Patient population

All children aged 5-18 years undergoing CPET in one of the two
centres were assessed for eligibility, and eligible children were
recruited after a regular paediatric cardiology outpatient visit.
Two groups were identified: children with CHD and control
children.

In the CHD group, the anatomic and clinical classification of
CHD was used to define the type of malformation.*’ The control
group consisted of children referred for a non-severe functional
symptom linked to exercise (murmur, palpitation or dyspnoea)
or for a medical sports certificate. These children were classified
in the control group only after a completely normal check-up,
including physical examination, ECG, echocardiography and
spirometry. Children with any chronic disease, medical condi-
tion (cardiac, neurological, respiratory, muscular or renal) or
medical treatment and those requiring any further specialised
medical consultation were not eligible.

CPET procedures

CPET procedures in both centres were harmonised before
the study started. Both CPET laboratories used the same
technical devices: paediatric face masks (Hans Rudolph,
Shawnee, Kansas, USA), a calibrated gas analyser (Oxycon Pro,
Jaeger, Erich Jaeger, Hoechberg, Germany), breath-to-breath
measurement software (Windows V.98, Jaeger), 12-lead ECG
equipment (CardioSoft, GE Healthcare, Little Chalfont, UK),
a pulse oximeter (Nellcor, Medtronic, Fridley, Minnesota,
USA) and a manual sphygmomanometer with adapted paedi-
atric cuffs. Spirometry using a common gas device (Oxycon
Pro, Jaeger, Erich Jaeger) was systematically performed before
the exercise test with a flow volume curve and measurement of
forced expiratory volume in 1s (FEV1), forced vital capacity
(FVC) and the FEV1/FVC ratio (FEV1%), with normalisation
to theoretical values.?!

Both centres used the same CPET paediatric cycle ergometer
protocol adapted to children with CHD to obtain a homoge-
neous incremental overall duration between 8 and 12 min: a
1 min rest; a 3 min warm-up (10-20 W) in increments of 10,
15 or 20 W each minute; a pedalling rate of 60-80 revolutions
per minute; a 3 min active recovery (20 W) and a 2 min rest.?

The same investigator coordinator manually calculated the
VO, .. and the OUES. The CPET was considered as maximal
when three out of the four following criteria were reached:
respiratory exchange ratio (RER=VCO2/VO2) =1.1,
maximum heart rate >85% of maximal age-predicted heart
rate, limit of the child’s tolerance despite verbal encourage-
ment, plateau of VO2 (VO,_ ) despite the increasing exer-
cise intensity. When the VO, _ did not reach a plateau, the
peak VO2 was informed, as usual in paediatrics.* The same
investigator coordinator manually calculated the VO,  and
the OUES. VO, values were normalised in a percentage of
the predicted VO, using normal values from Cooper et al®?
The OUES is the slope of a regression line of oxygen uptake
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Figure 2 Weight-normalised oxygen uptake efficiency slope (OUESkg) in healthy boys and girls. The numbers above the density lines indicate OUES,
values for the 25th, 50th (bold) and 75th percentiles. Histograms represent the distribution of the OUES,, values for healthy boys and girls from the

control group.

(VO,) on logarithmically converted minute ventilation (VE)
measured during incremental exercise: V02=a10g10VE+b.24
Here, ‘a’ is the OUES. The unit of VO2 is mL/min and the unit
of VE is L/min, therefore the OUES is a coefficient with no
unit, which is usually divided by 1000 (mL to L conversion).

The OUES was measured from the beginning of the exercise
test to its maximal point and calculated from breath-by-breath
data. As many parameters in paediatrics, the OUES is consid-
erably influenced by anthropometric variables, therefore the
weight-normalised value (eg, OUES, ) was informed.'? %5 26

Table 2 OUES in CHD and control group

OUESkg OUES
Neo/N o CHD Control P value CHD Control P value
Total 407/302 38.6+8.5 43.9+8.5 <0.001* 1583+464 1911+465 <0.001*
Gender
Male 228/172 41.1£9.1 48.7+8.8 <0.001 1830+666 2005+705 0.01
Female 179130 35.8+8.7 39.5+7.3 <0.001 1452+460 1669+494 <0.001
ACC-CHD group Neo/N o CHD Control P valuet CHD Control P valuet
1 Heterotaxy 3/36 48.5+8.1 46.0+10.8 0.61 1559+736 1647+2286 0.69
2 Anomalies of the venous return 12/130 40.6+9.4 44.8+18.2 0.12 1665+685 1750+1819 0.51
3 Anomalies of the atria and interatrial ~ 24/157 37.5+8.6 42.2+13.1 0.01 1670+624 1935+1294 <0.01
communications
4 Anomalies of the atrioventricular 24/155 37.0+9.9 43.4+14.5 <0.01 1505762 1895+1658 <0.001
junctions and valves
5 Complex anomalies of atrioventricular ~ 4/43 33.2+7.7 42.2£15.3 0.02 1544824 2241+2452 <0.01
connections
6 Functionally univentricular heart 221191 34.2+9.8 45.0+18.4 <0.001 1397+736 2093+1873 <0.001
7 Ventricular septal defects 41/269 38.9+9.5 44.8+15.0 <0.001 1751+682 2057+1467 <0.001
8.1 Transposition of the great arteries 55/260 39.9+9.3 46.0+12.9 <0.001 1865+784 2087+1551 <0.001
8.2  Tetralogy of Fallot; truncus arteriosus; ~ 71/289 36.5+9.2 44.0+13.0 <0.001 1451671 1929+1206 <0.001
pulmonary atresia; double outlet right
ventricle
8.5 Aortic valve stenosis; Shone syndrome  44/267 37.2+9.6 43.9+15.1 <0.001 1686+706 1998+1504 <0.001
8.6  Pulmonary valve stenosis 44/281 41.9+9.6 43.9+15.4 0.15 17214656 1885+1373 0.02
9 Anomalies of the extrapericardial 59/289 41.0£9.5 45.0+15.5 <0.001 1782750 2111£1514 0.001
arterial trunks
10 Congenital anomalies of the coronary  4/47 45.8+9.5 47.7£12.8 0.70 1753+933 1859+2868 0.65

arteries

Values are mean=SD.
*Comparisons between CHD and the controls after adjustment for age and gender.

tIn each CHD group, comparisons between CHD and the age-matched and gender-matched controls (random cluster).
ACC-CHD, anatomic and clinical classification of CHD; CHD, congenital heart disease; OUES,,, weight-normalised oxygen uptake efficiency slope.
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Figure 3 Weight-normalised oxygen uptake efficiency slope (OUES, ) in healthy children and children with CHD (histograms). The numbers above
the density lines indicate OUES,  values for the 25th, 50th (bold) and 75th percentiles. Histograms represent the distribution of OUES, values for
controls and each ACC-CHD group. Groups 1, 5 and 10 (small cohorts) were not represented. ACC-CHD, anatomical and clinical classiﬁcation of
congenital heart disease; ASD, atrial septal defect; TGA, transposition of the great arteries; VSD, ventricular septal defect.

Statistics
The study population was described with means and SD for quan-
titative variables and with frequencies for qualitative variables.
Functional tests results (except for Z-scores) were described
with means adjusted on gender and age and SD. The contin-
uous variables distributions were tested using the Shapiro-Wilk
test. Quantitative variables were compared using the Student’s
t-test when the distribution was Gaussian and with the Mann-
Whitney U test, otherwise. For qualitative variables, groups were
compared using the % test or Fisher’s exact test.

Correlations between VO, = (mL/min/kg) and OUES, were
assessed using Pearson’s or Spearman’s coefficients, depending
on the distribution of variables.

To compare all CHD cases and controls, generalised linear
models adjusted on gender and age were used, because the
number of controls was not sufficient for matching.

For each type of CHD, age-matched and gender-matched
control comparisons were performed. For a given CHD case,
all the controls with the same gender and age (exact year of
age) were used. The case with his (or her) matched-controls was
considered as a cluster. Therefore, mixed models were performed
in which the clusters were introduced as a random effect.

A multiple linear regression was used to identify the explana-
tory factors for OUES, among children with CHD (all types of
CHD combined). The clinically relevant variables with a p value
<0.2 in the univariable analysis were included in the model. The
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Figure 4  Weight-normalised oxygen uptake efficiency slope (OUES, )
in healthy children and children with congenital heart disease (CHD)
(box plots). The bottom and top of the box represent the first and

third quartiles. Inside the box, the band represents the second quartile
(median) and the circle the mean. The whiskers represent the minimum
and maximum values.

final model was obtained using an upward selection based on the
Akaike information criterion and with an exit threshold of 0.10.
The normality of residues in the final model was tested using the
Shapiro-Wilk test.

Receiver operating characteristic (ROC) curve analysis was
used to determine the cut-off value of OUES, for normal exer-
cise capacity (eg, VCO,__ predicts 280%). ROC curves were
drawn by plotting the sensitivity against 1-the specificity. The
area under the ROC curve (AUC) was calculated along with its
95% CI (AUC,,,, ). The cut-off value was determined to opti-
mise both sensitivity and specificity (Youden’s Index) and the
associated performances were reported (sensitivity, specificity).

The statistical significance was set at 0.05 and analyses were
performed using Statistical Analysis Systems V.9 (SAS Institute,
Cary, North Carolina, USA).

RESULTS

Population

During the S-year study period, 1915 CPET with OUES were
performed in the two laboratories (centre 1: n=904, centre 2:
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Figure 5 Weight-normalised oxygen uptake efficiency slope (OUES, ) value for normal exercise capacity (VO

n=1011). Seven hundred nine children were included in the
study: 407 children with CHD and 302 controls (figure 1). No
families refused to participate. Both groups were similar in terms
of demographic data (table 1), except for age as children with
CHD were slightly older than healthy controls (12.2+3.4 vs
11.1+2.6 years; p<0.001, respectively). The demographic data
of each CHD groups are summarised in the online supplemen-
tary table.

CPET results

In the CHD group, the VCO, ., the peak heart rate, the
maximum load, FEV1 and FVC were significantly lower than
in the control group (table 1). The RER and FEV1/FVC were
similar in both groups.

In the control group, the mean OUES  was 44.7+9.4, with
a normal distribution. The OUES, ~was significantly lower in
female than male controls (39.5+7.3 vs 48.7+8.8, respectively;
p<0.001) (table 2 and figure 2).

After adjusting on gender and age, the mean OUES,  of CHD
group was significantly lower than in healthy controls. The
OUES,, was predominantly affected in the most severe CHD,
such as univentricular heart (group 6) or complex anomalies of
ventriculo-arterial connections (group 8.2) (table 2, figures 3 and
4). The OUES was significantly lower in the CHD group than in
controls, overall (1583+464 vs 1911+465, p<0.001, respec-
tively), as well as in all CHD subgroups except for the three
smallest groups (heterotaxy, anomalies of the venous return and
anomalies of the coronary arteries).

The cut-off value of OUES, _for the classification of children
with normal functional capacity (=80% of predicted VO, )
was 38.4 (AUC,,, ,=0.95 (0.91 to 0.98)) for boys and 31.0
(AUC,,,, ,=0.92 (0.85 t0 0.98)) for girls (figure 5).

5% CI

Factors associated with the OUES

Overall, OUES, =~ and VO,  (mL/min/kg) were strongly
correlated (r=0.85, p<0.001). Similar results were found in
the control group (r=0.84, p<0.0001) and in the CHD group
(r=0.83, p<0.0001).

Variables associated witha OUES,  decrease in both univariable
and multivariable analyses were an increased age, an increased
Body Mass Index (BMI), the number of cardiac catheter or
cardiac surgical procedures, the female gender and a decreased
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(B) (congenital heart disease and controls). AUC (95% Cl), area under the receiver operating characteristic curve with its 95% CI.



Table 3 OUES,  explanatory variables in the CHD group

Multivariate
Univariate analysis
Description analysis (N =395)
Variables r P value P value
Age (years)* -0.32 <0.0001 0.085
BMI (kg/m?)* -0.44 <0.0001 <0.0001
FVC (Z-score)* 0.11 0.031 <0.001
FEV1/FVC (Z-score)* 0.08 0.088 -
OUES, P value P value
Mean+SD
Gender*
Girls 35.6+8.5 <0.0001 <0.0001
Boys 40.9+8.8
ACC-CHD group*
1,510 40.4+8.5 0.01 =
2 40.6+6.3
3 36.1£6.5
4 37.0+10.8
6 34.2+7.8
7 39.1+8.9
8.1 39.7+£9.5
8.2 37.0+8.2
8.5 37.3+9.4
8.6 41.0+£10.0
9 40.8+9.1
Altered systolic ejection fraction
No 38.7+9.2 0.289
Yes 36.0+6.3
Right ventricle systolic hypertension
No 38.8+9.2 0.238
Yes 37.5+8.2
Left ventricular outflow tract obstacle
No 38.6+9.0 0.8
Yes 38.4+9.7
Right ventricular outflow tract obstacle*
No 38.2+9.0 0.053 -
Yes 41.2+8.8
Left ventricular outflow tract regurgitation®
No 38.8+9.3 0.112 -
Yes 36.9+7.6
Right ventricular outflow tract regurgitation®
No 38.9+9.0 0.154 -
Yes 37.7+9.1
Number of cardiac surgical procedures®
0 39.6+9.7 0.001 <0.001
1 39.2+8.5
=2 35.1+8.8
Number of cardiac catheter procedures*
0 38.9+9.2 0.055 0.003
1 38.5+8.5
=2 34.3+8.3
Medical treatment™
No 39.0+9.0 0.01 -
Yes 353189
Genetic anomalies*
No 38.9+9.0 0.003 -
Yes 32.1+7.9

*Candidate variables for multivariate analysis.

ACC-CHD, anatomic and clinical classification of CHD; BMI, Body Mass Index; CHD,
congenital heart disease; FEV1/FVC, Tiffeneau Index; FVC, forced vital capacity; OUES, ,
weight-normalised oxygen uptake efficiency slope.

FVC (Z-score). The final multivariable model explained 38% of
the OUES, variability in the CHD group (table 3).

DISCUSSION

This multicentre controlled study of a large cohort of 709 chil-
dren presented the OUES values of 407 children with CHD,
compared with 302 healthy controls. This study analysed for
the first time in this population, the clinical determinants of the
OUES, . Overall, the OUES was significantly lower in children
with CHD than in healthy subjects, especially when using the
OUES, . The clinical determinants of a low OUES, were the
age, the BMI, the female gender, a low FVC, the number of
cardiac catheter procedures and the number of cardiac surgical
procedures.

The OUES was originally described by Baba et al from a group
of paediatric patients.”* This is an easily determined parameter
stable throughout exercise increment. This index integrates the
functional capacities of several organ systems, primarily cardio-
vascular, pulmonary and skeletal muscle, during exercise. It
represents the ventilatory response necessary to increase oxygen
supply per unit of muscular oxygen consumption, which is an
indicator of how oxygen transport adapts to an increase of
muscular oxygen consumption.

Indeed, in exercise testing for patients with heart failure, a
decreased OUES may correspond to a defect in pulmonary
perfusion with an increased ventilatory perfusion ratio, and/or
a defect in systemic perfusion with a decreased oxygen supply
to the muscle.”” In both cases, a low value of OUES corresponds
to an excessive increase of ventilation, which indicates an ineffi-
ciency of oxygen transport by cardiopulmonary function.

Our study supports this hypothesis by highlighting the
correlation between OUES and CHD severity, as represented
by complex CHD and those with numerous cardiac surgical
or catheter procedures. Indeed, the OUES was predominantly
impaired in the most severe CHD, such as univentricular hearts
and complex anomalies of ventriculo-arterial connections.

The OUES was also associated with the pulmonary function,
as measured by the spirometry. Indeed, a low FVC suggests the
existence of a restrictive pattern, which has been associated with
impaired exercise capacity in patients with CHD.*® We also
observed the impact of BMI on the OUES, as adipose tissue does
not consume oxygen resulting in a low weight-normalised OUES
value. Similarly, the lower OUES in girls than in boys may reflect
gender differences in muscle mass and adipose tissue.”’

Overall, the variables associated with OUES in this study
were similar to the main determinants of VOZmax.2 Therefore,
the OUES may play an important role for exercise capacity
assessment in non-maximal exercise, as in patients with severe
cardiac conditions.'*#*#* > The existence of a strong correlation
between OUES and VO,__, for both CHD and healthy controls,
is consistent with previous results from smaller or non-controlled
cohorts in paediatric***! and adult” populations.

However, the OUES is currently not used in routine follow-up,
as opposed to other submaximal CPET parameters, such as VAT
and VE/VCO?2 slope.* Several explanations may be highlighted.
First, the choice of VE to be plotted versus VO2 to calculate
OUES can be easily criticised, considering that this parameter
is only one of the diffusing limiting steps for oxygen transport.
However, like VO, __, the OUES should be used as a global
parameter of cardiopulmonary and muscular functions, consid-
ering that excessive ventilation can be the result of an increased
pulmonary ventilation/perfusion ratio, a decreased oxygen
supply to the muscle or the presence of muscular deconditioning.



Second, automatic calculation of OUES has still not been
integrated into all CPET technical devices, therefore the use
of a logarithmic regression has remained so far in the field of
research. Third, although the OUES has been described for more
than two decades, standard paediatric values have only been
recently reported®® which probably contributed to the lack of
dissemination in clinical cardiology.

In our study, using the OUES,, appeared as quite convenient
in paediatrics. Similarly, Hossri ez al reported that a OUES,  cut-
off value of 34.6 could discriminate children and adolescents
with normal exercise capacity (eg, =80% of predicted VCO,_ ),
however both male and female subjects were pooled together in
this study.”® As suggested by Sun et al,’' gender must be taken
into account when considering the OUES. In our study, we iden-
tified, with high sensitivity and specificity, OUES, _cut-off values
of 38.4 in boys and 31.0 in girls for the classification of children
with normal exercise capacity. In non-maximal cardiopulmonary
exercise tests, as frequently observed in children with severe
physical conditions, muscular deconditioning, or lack of moti-
vation, the existence of such OUES, = cut-off values is of great
interest, as VO, = may be missing or inaccurate.

A growing body of evidence has shown the prognostic value
of OUES, such as in adult patients with pulmonary hyper-
tension,'® ” 3* coronary artery disease®® and end-stage heart
failure.’® Despite more limited prognosis data in paediatrics, the
recent study from Tsai et al reported that OUES could predict
cardiac-related hospitalisation in children with tetralogy of
Fallot." Therefore, longitudinal cohort studies remain neces-
sary to determine the prognostic value of OUES, especially in
patients with submaximal CPET, as in the CHD population. The
OUES will be analysed as a secondary outcome in our currently
ongoing randomised QUALI-REHAB trial on centre and home-
based cardiac rehabilitation in teenagers and young adults with
CHD.”

Study limitation

This study was performed in tertiary care centres and may not
represent CHD in the general population. The control group
was recruited at the hospital and may not be considered as
healthy as if they were recruited from the general population.
We thus called them the control children. As in previous studies,
spirometry data highlighted the existence of a respiratory restric-
tive pattern in the CHD population,” with a significant impact
on OUES. However, further research should measure the total
lung capacity with a body plethysmography to evaluate the level
of restrictive lung disease.

CONCLUSION

The OUES is significantly impaired in children with CHD,
especially for complex CHD. The OUES is strongly correlated
with VO, and it has the same clinical determinants: age, BMI,
female gender, the decrease of FVC (Z-score), the number of
cardiac catheter procedures and the number of cardiac surgical
procedures. The OUES is known to be reproducible, reliable and
interpretable in non-maximal exercise. These data highlight its
promising role in non-maximal cardiopulmonary exercise tests
where the VO,  would not be interpretable. Using cut-off
values of weight-normalised OUES of 38.4 in boys and 31.0 in
girls may help identify children with normal functional capacity
in non-maximal exercise tests.
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