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Background and Objectives: The aim of this study was to investigate the effect of pulmonary valve replacement (PVR) on exercise capacity
and determine cardiopulmonary exercise (CPEX) parameters associated with improvement in right ventricle (RV) function.

Subjects and Methods: We retrospectively analyzed CPEX and magnetic resonance imaging parameters in a total of 245 patients who
underwent PVR from January 1998 to October 2015. In addition, we analyzed the characteristics of the patients who showed improved
exercise capacity after PVR.

Results: Twenty-eight patients met the inclusion criteria for the study. CPEX parameters after PVR showed no significant changes in all
patients. However, baseline predicted peak oxygen uptake (VO2,.,) (%) value was significantly lower in patients with significant
improvement in exercise capacity after PVR, as compared to patients who showed decreased exercise capacity after PVR (60.83+10.28 vs.
75.81+13.83) (p=0.003). In addition, patients with improved exercise capacity showed a positive correlation between the change of right
ventricular ejection fraction (RVEF) (%) and the change of anaerobic threshold (r=0.733, p=0.007); whereas, patients with decreased
exercise capacity showed a negative correlation between the change of RVEF (%) and the change of predicted V02, (%) (r=-0.575,
p=0.020).

Conclusion: The importance of predicted V02, (%) in evaluating exercise capacity differentiated from other CPEX variables. The change
of anaerobic threshold and predicted V02, (%) might be a useful predictor of the change in RV function after PVR. (Korean Circ J
2017;47(2):254-262)
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Introduction

Most patients who undergo surgical repair of tetralogy of Fallot
(TOF) have excellent functional outcomes and lead a normal
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active and social life."¥ Nevertheless, almost all patients have
some degree of pulmonary regurgitation (PR) as a result of right
ventricular outflow tract reconstruction;"” and consequently, the
chronic volume overload may lead to right ventricle (RV) dilation,
biventricular dysfunction, heart failure symptoms, arrhythmias, and
sudden death.®® Pulmonary valve replacement (PVR) is commonly
undertaken to avoid these adverse outcomes. Since patients often
express symptoms late, assessment of objective exercise tolerance
by cardiopulmonary exercise (CPEX) testing is a potential tool for
the optimal timing of PVR in asymptomatic patients.!” Magnetic
resonance imaging (MRI), a gold standard for evaluating RV
volumes and function, can also be used to decide the indications
for PVR." The aim of this study was to investigate the effect of PVR
on exercise capacity and determine CPEX parameters- associated
with improvement in RV function among patients who underwent
CPEX testing and MRI in pre and post PVR period.

Copyright © 2017 The Korean Society of Cardiology
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Subjects and Methods

Patient selection

A total of 245 patients who underwent PVR for chronic PR
after repair of TOF from January 1998 to October 2015 in Sejong
General Hospital were retrospectively analyzed. Patients who
underwent PVR more than twice were excluded. Patients were also
excluded if the PVR was performed percutaneously. The patients
who underwent CPEX testing before and after PVR were included
only if respiratory exchange ratio (RER) was >1.05 in CPEX testing
before and after PVR, in order to exclude biased data from patients
who stopped exercising for non-cardiovascular reasons.”? The
following CPEX parameters were obtained: peak oxygen uptake
(V02peak), percentage of predicted V02peak, slope of respiratory
minute volume to CO2 production (VE/VCO2), anaerobic threshold
(VO2at); in addition, the following MRI parameters were analyzed:
right ventricular ejection fraction (RVEF) (%), right ventricular end
diastolic volume index (RV EDVI), right ventricular end systolic
volume index (RV ESVI). Clinical data such as gender, age at study
onset, age at PVR, body surface area (BSA) and clinical status were
obtained by review of medical records. The study was approved by
the Institutional Review Board of Sejong General Hospital.

Cardiopulmonary exercise testing

CPEX testing was performed using modified Bruce protocol on
True One 2400 (Parvo Medics, Salt Lake City, UT, USA). All subjects
were encouraged to exercise to exhaustion. Heart rate, blood
pressure, and oxygen saturation were monitored for the duration of
the test. VOZpeak (mL/kg/min) was defined as the highest respiratory
oxygen uptake (VO2) achieved by the subject during the maximal
exercise. VO2 was determined by cardiac output and the difference
of oxygen content between arterial and venous blood by the Fick
equation.”” Values for V02peak (mL/kg/min) were indexed to body
weight. V02, (mL/kg/min) was often presented as a percentage
of predicted value, predicted VOZpeak (%), which was determined
by age, gender, body height, and body weight.¥ VE/VCO2 ratio
indicates the number of liters of air breathed to eliminate 1 liter of
C02.9V02at (mL/kg/min) was defined as the VO2 during exercise
at which the blood lactate level began to rise (anaerobic threshold
by lactate measurements).””

eak

Magnetic resonance imaging

Studies were performed using a 1.5-T Gyroscanintera CV system
(Philips Medical Systems, Best, The Netherlands). Multiphase
acquisition was obtained using steady-state free precession pulse
sequence in 2- and 4-chamber planes. From these images, 10 to
12 contiguous short-axis slabs perpendicular to the long axis of
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the left ventricle were obtained (slice thickness 6 to 8 mm: inter
slice gap O to 2 mm). Ventricular volumetric analysis was performed
using Extended MR Workspace software (Philips Medical Systems,
Best, The Netherlands). Stroke volume was calculated by deducting
end-systolic volume from end-diastolic volume; and ejection
fraction was calculated as percent stroke volume divided by end-
diastolic volume.

Data and statistical analysis

All continuous variables were expressed as mean or
median+standard deviation. Paired student's t-test was used
to compare CPEX and MRI parameters with normal distribution
before and after PVR. Patients were divided into 2 groups based
on improvement in VO2peak after PVR. The unpaired 2-sample t-test
was used to compare the baseline and changes of variables between
the two groups. Kolmogorov-Smirniv test and Shapiro-Wilk test
were used to assess the normality of distribution. Correlations
between CPEX and MRI parameters were tested using Pearson's
test for normally distributed variables. SPSS version 18.0 (SPSS Inc.,,
Chicago, IL, USA) was used for statistical analysis, and p<0.05 was
considered statistically significant.

Results

Study population

Of the 245 patients, preoperative MRI was performed in 166
and postoperative MRl in 77; and preoperative CPEX in 88 patients
and postoperative CPEX in 76 patients. Among the patients who
underwent all 4 examinations, only 28 patients showed RER >1.05
and were included in the final analysis. The patients' characteristics
were shown in Table 1. The group consisted of 16 male patients and
12 female patients. The primary diagnosis was TOF in all patients.
The mean BSA was 1.63+0.22 (m2). The mean age at study was
24.21+5.42 years old and the mean age at PVR was 19.95+5.01 years
old. The median duration from pre PVR CPEX testing to PVR was 1.0
months (range: 0.0-39.0) and the median duration from PVR to post
PVR CPEX testing was 15.0 months (range: 4.0-56.0). The median
duration from pre PVR MRI to PVR was 3.5 months (range: 0.0-
22.0) and the median duration from PVR to post PVR MRI was 11.5
months (range: 3.0-53.0) (Table 1). Pre PVR CPEX testing and MR
mentioned above refer to CPEX testing and MRI performed before
PVR. Also, post PVR CPEX testing and MRI mentioned above refer
to CPEX testing and MRI performed after PVR.

The changes of CPEX and MRI parameters after PVR
V02 (mL/kg/min) was changed from 30.08+4.84 to 29.83+5.16

peak(
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Table 1. Patient demographic data (n=28)

Korean Circulation Journal kCJ

Table 2. The changes of CPEX and MRI parameters after PVR

Variables Values Pre PVR Post PVR p
Gender CPEX parameters
Male 16/28 (57) V02, (mL/kg/min) 3008+4.84  29.83 45.16 0.803
Female 12/28 (43) Predicted V02, (%) ~ 69.39+1436  67.71410.84 0500
Body surface area (m?) 1.63+0.22 VE/VCO2 ratio 27.34+3.86 26.77+4.70 0.559
Age (years) V02at (mL/kg/min) 23.82+3.61 22.78+4.43 0.194
Age at study 24.21+5.42 MRI parameters
Age at PVR 19.95+5.01 RVEDVI (mL/m2) 174.39+24.64 121.04+24.89 0.000
Duration, median RVESVI (mL/m?2) 92.21+21.07 63.39+18.95 0.000
From pre PVR CPEX to PVR (months) 1.0 (range: 0.0-39.0) RVEF (0%) 47.74+5.89 48.45+7.59 0.623

(
From PVR to post PVR CPEX (months) 15.0 (range: 4.0-56.0)
From pre PVR MRI to PVR (months) 3.5 (range: 0.0-22.0)
From PVR to post PVR MRI (months) 11.5 (range: 3.0-53.0)

Values are presented as meansstandard deviation or number (%). CPEX:
cardiopulmonary exercise, PVR: pulmonary valve replacement, MRI: mag-
netic resonance imaging

Table 3. Baseline characteristics of the two groups

Values are presented as mean+standard deviation or number (%). CPEX:
cardiopulmonary exercise, MRI: magnetic resonance imaging, PVR: pulmo-
nary valve replacement, V02,,.: peak oxygen uptake, predicted VO2,,, (%):
percentage of predicted V02,.,,, VEVCO2: slope of respiratory minute vol-
ume to CO2 production, VO2at: anaerobic threshold, RV EDVI: right ven-
tricular end diastolic volume index, RV ESVI: right ventricular end systolic
volume index, RVEF: right ventricular ejection fraction

Baseline characteristics Group 1 Group 2 ]
Body surface area 1.66+0.23 1.60+0.21 0.436
Age underwent PVR (years) 20.62+7.02 19.45+2.90 0.595
Duration, median (range)
From CPEX to PVR (months) 2.50 (0.0-28.0) 0.50 (0.0-39.0) 0.780
From PVR to CPEX (months) 17.0 (6.0-53.0) 15.0 (4.0-56.0) 0919
From MRI to PVR (months) 4.00 (0.0-7.0) 2.50 (0.0-22.0) 0.628
From PVR to MRI (months) 11.50 (4.0-53.0) 11.50 (3.0-47.0) 0.434

Values are presented as meansstandard deviation or number (%). Group 1: post PVR V02, of patients were increased compared to pre PVR V02,
Group 2: post PVR V02, of patients were decreased compared to pre PVR V02,,.. CPEX: cardiopulmonary exercise, PVR: pulmonary valve replacement,

MRI: magnetic resonance imaging

(p=0.803) and predicted VO2peak(0/o) was changed from 69.39+14.36
to 67.71+10.84 (p=0.500). In addition, VE/VCO?2 ratio was changed
from 27.34+3.86 t0 26.77+4.70 (p=0.559) and VO2at (mL/kg/min) was
changed from 23.8243.61 to 22.78+4.43 (p=0.194). In conclusion,
CPEX parameters showed no significant changes after PVR
(Table 2). On the other hand, RV EDVI (mL/m2) was changed from
174.39424.64 to 121.04+24.89 (p<0.001) and RV ESVI (mL/m?) was
changed from 92.21+21.07 to 63.39+18.95 (p<0.001). However,
RVEF (%) was changed from 47.74+5.89 to 48.45+7.59 (p=0.623),
without significance (Table 2).

The comparisons of CPEX and MRI parameters between the

two groups
Despite the absence of significant changes in CPEX parameters

https://doi.org/10.4070/kc}.2016.0226

after PVR, we analyzed the characteristics of the patients who
showed improved exercise capacity after PVR. If post PVR V02peak of
patients were increased compared to pre PVR V02peak (pre PVR V02pea
<post PVR V02
post PVR VO2peakof patients were decreased compared to pre PVR
V02peak (pre PVR V02p > post PVR V02p ), we designated them

as group 2. Baseline characteristics between the two groups did not

k

peak), we designated them as group 1. Conversely, if

eak eak

differ statistically (Table 3). However, the exercise capacities of the
patients in group 1 improved significantly; the mean VO2at (mL/kg/min)
improved from 24.15 to 25.38 (p=0.051), the mean VOZpeak(mL/kg/min)
from 28.53 to 33.09 (p=0.001) (Fig. 1). On the other hand, the exercise
capacities of patients in group 2 decreased significantly; the mean
V02at (mL/kg/min) decreased from 23.58 to 20.83 (p=0.030), the mean
V02peak (mL/kg/min) from 31.24 to 27.39 (p<0.001) (Fig. 2). Baseline
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Fig. 1. The change of exercise capacities in group 1 after PVR. Group 1:
post PVR V02, were increased, as compared to pre PVR V02, The mean
V02at improved from 24.15 to 25.38 mL/kg/min (p=0.051), the mean
V02, from 28.53 to 33.09 mL/kg/min (p=0.001). PVR: pulmonary valve
replacement, VO2at: anaerobic threshold, VO2,,.,.: peak oxygen uptake.

75.81+13.83

100 7

80 4 60.83+10.28

60 -

prePVR predV02,, (%)

40 p=0.003

! Group 2

Fig. 3. The comparison of pre PVR predicted V02, (%) between the two
groups. Group 1: post PVR V02, were increased, as compared to pre
PVR VO2,,. Group 2: post PVR V02, were decreased, as compared to pre
PVR V02, Pre PVR Predicted V02, (%) value was significantly lower in
patients belonging to group 1 (60.83+10.28) than group 2 (75.81+13.83)
(p=0.003). PVR: pulmonary valve replacement, PredV02,,, (%0): percentage
of predicted V02,

Predicted V02, , (%) value was significantly lower in patients in group
1 (60.83+10.28), as compared to group 2 (75.81+13.83) (p=0.003)
(Fig. 3). However, baseline VOZpEak, VE/VCO?2 ratio, VO2at were not
significantly lower in patients belonging to group 1 than group 2
(28.53+5.18 vs. 31.24+4.38, p=0.159, 27.43+3.46 vs.27.27+4.24,
p=0.914, 24.15+4.19 vs. 23.58+3.22, p=0.697, respectively). In
addition, the changes of V02p Predicted V02peak (%), VO2at in
patients belonging to group 1 were significantly higher than group
2 (4.56+3.60 vs. -3.85+2.51, p<0.001; 10.17+7.63 vs. -10.56+8.03,
p<0.001; 1.22+1.94 vs. -2.74+4.58, p=0.009, respectively) (Table 4)

eak'
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Fig. 2. The change of exercise capacities in group 2 after PVR Group 2:
post PVR VO2,., were decreased, as compared to pre PVR VO2,.,. The
mean VO2at decreased from 23.58 to 20.83 ml/kg/min (p=0.030), the
mean V02, from 31.24 to 27.39 mL/kg/min (p<0.001). PVR: pulmonary
valve replacement, VO2at: anaerobic threshold, V02,.,,: peak oxygen
uptake.
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Fig. 4. The comparison of Apredicted V02, (%) between the two groups.
Group 1: post PVR V02, were increased, as compared to pre PVR V02,
Group 2: post PVR V02, were decreased, as compared to pre PVR V02,
The changes of predicted V02, (%) in patients belonging to group 1 were
significantly higher than group 2 (10.17+7.63 vs. -10.56+8.03, p<<0.001).
PVR: pulmonary valve replacement, PredV02,.,, (%): percentage of
predicted VO2,.,.

(Fig. 4). Group-wise comparisons between baseline MRI parameters
and changes in MRI parameters after PVR indicated that baseline
RV EDVI and RV ESVI values were lower and baseline RVEF (%)
was higher in patients belonging to group 1 than group 2,
without significance (165.92+16.35 vs. 180.75+28.22, p=0.093;
86.92+16.87 vs. 96.19+23.47, p=0.235; 48.33+6.13 vs. 47.30+5.87,
p=0.657, respectively). Also, the absolute value of changes of
RV EDVI, RV ESVI, RVEF (%) in group 1 patients were lower than
group 2 patients, without statistical significance. (-47.17+20.32 vs.
-58.00+22.36, p=0.193; -24.67+14.73 vs. -31.94+16.48, p=0.231;
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Table 4. The comparison of CPEX parameters between the two groups
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Group 1 Group 2 p

Baseline CPEX parameters (pre PVR CPEX parameters)

V02, (mL/kg/min) 28.53+5.18 31.24+4.38 0.159

Predicted V02, (9%) 60.83+10.28 75.81 £13.83 0.003

VE/VCO2 ratio 27.43+3.46 27.27+ 4.24 0914

\V02at (mL/kg/min) 24.15+4.19 23.58+3.22 0.697
Changes of CPEX parameters (ACPEX parameters)

AVO2,.., (mL/kg/min) 4.56+3.60 -3.85+2.51 0.000

APredicted VOZpeak (%) 10.17+ 7.63 -10.56+8.03 0.000

AVENCO2 ratio -1.29+2.76 -0.03+6.37 0.489

AVO2at (mL/kg/min) 1.22+1.94 -2.74 +4.58 0.009

Values are presented as meansstandard deviation or number (%). Group 1: post PVR V02, of patients were increased compared to pre PVR V02,
Group 2: post PVR VO2,,,, of patients were decreased compared to pre PVR V02,.,.. CPEX: cardiopulmonary exercise, PVR: pulmonary valve replacement,
V02,..,: peak oxygen uptake, predicted V02, (%): percentage of predicted V02, VE/VCO2: slope of respiratory minute volume to CO2 production,

V02at: anaerobic threshold

Table 5. The comparison of MRI parameters between the two groups

Group 1 Group 2 p

Baseline MRI parameters (pre PVR MRI parameters)

RVEDVI (mL/m2) 165.92+16.35 180.75+28.22 0.093

RVESVI (mL/m2) 86.92+16.87 96.19+23.47 0.235

RVEF (%) 48.33+6.13 47.30+5.87 0.657
Changes of MRI parameters (AMRI parameters)

ARVEDVI (mL/m2) -47.17+20.32 -58.00+22.36 0.193

ARVESVI (mL/m2) -24.67+14.73 -3194+16.48 0.231

ARVEF (%) -0.53+8.81 1.64+6.54 0.481

Values are presented as meanz+standard deviation or number (%). Group 1: post PVR V02, of patients were increased compared to pre PVR V02

peak-

Group 2: post PVR V02, of patients were decreased compared to pre PVR VO2,,.. MRI: magnetic resonance imaging, PVR: pulmonary valve replacement,
RV EDVI: right ventricular end diastolic volume index, RV ESVI: right ventricular end systolic volume index, RVEF: right ventricular ejection fraction

-0.53+8.81 vs. 1.64+6.54, p=0.481, respectively) (Table 5).

Correlation between RVEF (%) and CPEX parameters in each
group

We analyzed the correlations between RVEF (%) on MRI and
CPEX parameters (V02p predicted V02peak (o), VE/VCO02, VO2at)
in each group. We first analyzed the correlations between baseline
RVEF (%) and baseline CPEX parameters (VOZpeak, predicted
V02peak (%), VE/VCO2 VO2at) in each group. As a result, we found
negative correlation between baseline RVEF (%) and baseline
V02peak (r=-0.590, p=0.043), negative correlation between baseline
RVEF (%) and baseline VO2at (r=-0.693, p=0.012) in patients
belonging to group 1; on the other hand, patients belonging to
group 2 showed no significant correlations. (Table 6). Subsequently,

eak'
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we analyzed the relationships between the changes of RVEF (%)
and the changes of CPEX parameters [VOZpeak, predicted V02peak (00),
VE/VCO2, VO2at) in each group. The results indicated that patients
belonging to group 1 showed a positive correlation between the
change of RVEF (%) and the change of VO2at (r=0.733, p=0.007)
(Fig. 5); Whereas, patients belonging to group 2 showed a negative
correlation between the change of RVEF (%) and the change of
Predicted VO2peak (%) (r=-0.575, p=0.020) (Table 6.) (Fig. 6).

Discussion

The detrimental effects of PR after total repair of TOF are now
widely known, which, has led to earlier PVR, in most instances

www.e-kej.org
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Table 6. The correlation between RVEF (%) and CPEX parameters in each group

Total (n=28) Group 1 (n=12) Group 2 (n=16)
r p r p r p
The correlation between baseline RVEF (%) and CPEX parameters
and CPEX parameters
V02, (mL/kg/min) -0.147 0.456 -0.590 0.043 0.290 0.275
Predicted VO2peak (0%) 0.056 0.776 -0.282 0.374 0.353 0.180
VE/VCO2 ratio 0.018 0926 0.016 0.962 0.017 0.949
V02at (mlL/kg/min) -0.148 0.451 - 0.693 0.012 0.375 0.152
The correlation between ARVEF (%) and ACPEX parameters
AV02,., (mL/kg/min) -0.181 0357 -0.025 0938 -0.228 0396
APredicted V02, (%) -0.295 0.128 -0.022 0.946 -0.575 0.020
AVE/VCO?2 ratio -0.116 0.555 0.427 0.166 -0.406 0.118
AVO02at (mL/kg/min) -0.103 0.601 0.733 0.007 -0.368 0.161

Group 1: post PVR V02, of patients were increased compared to pre PVR VO2,,,. Group 2: post PVR V02, of patients were decreased compared to pre

PVR V02,.,.. CPEX: cardio pulmonary exercise, r: correlation coefficient, VO2,...: peak oxygen uptake, Predicted V02,,, (%): percentage of predicted VO2

peakr

VE/VCO2: slope of respiratory minute volume to CO2 production, VO2at: anaerobic threshold, RVEF: right ventricular ejection fraction

AV02at

r=0.733
(p=0.007)

T T T T T T
-30 -20 -10 0 10 20

ARVEF (%)

Fig. 5. The correlation between ARVEF (%) and AVO2at in patients
belonging to group 1. Group 1: post PVR VO2,,,, were increased, as
compared to pre PVR VO2,.,. The change of RVEF (%) was positively
correlated with the change of VO2at (r=0.733, p=0.007) in patients who
showed increased V02, after PVR. RVEF: right ventricular ejection
fraction. VO2at: anaerobic threshold, VO2,.,: peak oxygen uptake, PVR:
pulmonary valve replacement.

before overt symptoms.”® PVR enables volume unloading of the
RV, which may be essential for preserving ventricular function.
The hemodynamic effects of PVR are assessed by functional class,
volumetric changes and exercise tolerance using MRI and CPEX
parameters. MRI is the first imaging modality that provides exact
quantification of regurgitated volume and RV ventricular volume
and mass.® This MRI information might lead to identification of
new quantitative indicators for PVR and facilitate the management
of these patients.” In addition, a better understanding of the effect

www.e-kej.org
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Fig. 6. The correlation between ARVEF (%) and Apredicted V02, (%) in
patients belonging to group 2. Group 2: post PVR VO2,,, of patients were
decreased, as compared to pre PVR V02,.,. The change of RVEF (%) was
negatively correlated with the change of predicted VO2,,, (%) (r=-0.575,
p=0.020) in patients who showed decreased VO2,.,, after PVR. PVR:
pulmonary valve replacement, RVEF: right ventricular ejection fraction.
V02,..: peak oxygen uptake. PredV02,,, (%): percentage of predicted
vozpeak.

of altering different pathologic RV loading conditions on CPEX
parameters might help to refine the selection criteria and timing
of PVR.2 In our study, pre PVR CPEX parameters (V02peak, predicted
VO2peak [9%], VE/VCO2,V02at) showed consistently decreased exercise
capacity (Table 2). Low V02peak is likely the consequence of multiple
interrelated factors (ex, RV dysfunction, RV pressure and volume
overload) that act synergistically to impair exercise function.'® CPEX
parameters showed no significant improvement after PVR in our
study, which is consistent with the other studies'®?" that showed

https://doi.org/10.4070/kc}.2016.0226
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no improvement in V02 after PVR.?? On the other hand, MRI
revealed reduced volumes of the dilated right ventricle (RV EDVI, RV
ESVI) after PVR, but no significant improvement in RVEF (00) after
PVR. However, the pre PVR data may represent an overestimation
of the effective ejection fraction, because a regurgitation of the
pulmonary or tricuspid valve leads to an increase of the end diastolic
volume and therefore, to a higher ejection fraction. Corrected RVEF
was calculated as percent effective RV stroke volume divided
by RV end diastolic volume.?® Although the RV function did not
improved statistically by RVEF on MRI, corrected RVEF indicated
improvement of RVEF, preoperative corrected RVEF (%) 21.82+4.51
vs. postoperative corrected RVEF (%) 39.52+9.46 (p<<0.001). Thus,
if the effects of regurgitation on the measurement of ejection
fraction are considered, it may lead to improvement in real RV
output after valve replacement.'® Discussion of the many factors
that can influence corrected RVEF is beyond the scope of this study.
Although no significant improvement in exercise capacity was
detected, we tried to determine the characteristics of the patients
who showed improvement in exercise capacity. Peak uptake of
oxygen (V02peak) is the most commonly used variable to describe
aerobic capacity.?? So we analyzed the characteristics between
the two groups divided by V02peak value (ie., whether post PVR
.- The group-
wise comparison showed that the exercise capacities in group 1
(%) was

VO2peak increased or decreased from pre PVR V02p

eak
significantly lower in increased group (group 1) than decreased group

(group 2) unlike other CPEX parameters (VOZM, VE/VCO2 ratio,
V02at). This finding showed the importance of predicted Vo2,
(9%) in evaluating exercise capacity of our patients. In addition,
the changes of predicted V02pEak (
increased group (group 1) than decreased group (group 2). These

patients improved statistically. And predicted V02p

%) were significantly larger in

findings suggested that patients who had significantly lower pre-
PVR predv02,_, (
the relationships between RVEF (%) and CPEX parameters, we found
negative correlation between baseline RVEF (%) and baseline V02

%) could improve exercise capacity after PVR. For

peak
(r=-0.590, p=0.043), the negative correlation between baseline

RVEF (%) and baseline VO2at (r=-0.693, p=0.012) in patients
belonging to group 1. Generally, the exercise capacity can reflect
the RV function. However, if the exercise capacity is decreased
despite preserved RV function, we suggest that such patients need
PVR for recovery of exercise capacity, however, further study with
more data is required. Positive correlation occurred between the
change of RVEF (%) and the change of VO2at in patients belonging
to group 1. Thus, the change of VO2at is a more sensitive indicator
than V02peak to predict the improvement of RVEF (%) after PVR;
and the change of RV function using the CPEX. V02peak
underestimated because of reduced patient motivation, as well

might be
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as premature termination of exercise by the examiner. VO2at
measures the sustainable 02 uptake and is an objective parameter
of exercise capacity derived from submaximal exercise testing;
and therefore, independent of these influences.?? It corresponds
to approximately 70% of the peak oxygen consumption in the
symptom-limited maximal exercise and is a simple and noninvasive
means for respiratory measurements well before maximal effort.””
Stevenson reported that VO2at was essentially interchangeable
with V02peak.26’ The decrease in VO2at is probably caused by earlier
onset of anaerobic metabolism due to insufficient blood supply for
working muscles, which is a net result of reduced cardiovascular
reserve, and reduction in level of physical fitness.?” In this case,
despite the rise in RVEF (%), VO2at cannot be increased, contrary
to our expectations. On the other hand, exercise training increases
submaximal exercise performance. Training delays blood lactate
accumulation during submaximal exercise and these changes are
associated with an increase in the V02at.?® In addition, several
other factors may play an important role, including skeletal
muscle fiber type and motor unit recruitment patterns, glycogen
stores, adrenergic stimulation, and skeletal muscle aerobic enzyme
content.?? Therefore, it is possible to detect the increase of VO2at
without the change of RVEF (9). Finally, negative correlation was
found between the change of RVEF (%) and the change of predicted
V02 __ (%) in patients belonging to group 2. These findings showed

peak

the importance of predicted V02pea (%) in evaluating exercise

k
capacity repeatedly and deterioration of exercise capacity after
PVR. V02peak likely differs according to age, gender, body weight,
body height. Therefore, V02peakis usually expressed as the predicted
Vozpeak ( k
(%) is the percentage of value which is calculated in consideration

of variable factors (age, gender, body weight, body height). It is

%) in evaluating exercise capacity. The predicted VO2pea

widely used in the area of congenital heart disease involving TOF.
Therefore, it is very important to regularly determine the predicted
VO2peak for evaluating exercise capacity after PVR.

Study limitation

Underlying pulmonary function abnormalities limit pulmonary
gasexchange response,?? and ultimately, result in a reduced exercise
capacity. The reduction in alveoli number, increased alveolar density,
decreased lung volume, and decreased vital capacity have been
demonstrated in patients with TOF*? The patients with a lower vital
capacity are expected to have a lower VOka, a lower breathing
reserve. Thus, in order to increase the accuracy of improved
exercise capacity after PVR, it might be helpful to perform CPEX
testing with pulmonary function test. But, the patients belonging
to our study group did not perform the pulmonary function test. In
addition, the time intervals between CPEX testing and PVR varied
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among patients. Since the point that RV function is restored after
PVR may differ in each patient, it is necessary to set the time for
CPEX testing. Finally, our study was conducted with a retrospective
model and a small sample size. Despite these limitations, our study
could provide the basis for future study.

Conclusion

PR after TOF repair led to earlier PVR but showed no significant
improvement in CPEX parameters after PVR, despite significant
decreases in RV volume. However, we could determine the
characteristics of improved exercise capacity group and worsening
exercise capacity group after PVR. Baseline predicted V02p (%)
value was significantly lower in patients with significantly improved

eak

exercise capacity after PVR than in patients with worsening exercise
capacity after PVR. Therefore, we confirmed the importance of
predicted V02psak (%) in evaluating exercise capacity differentiated
from other CPEX variables. In addition, the change of RVEF (%) was
positively correlated with the change of VO2at. But in patients with
worsening exercise capacity post PVR, the change of RVEF (%)
showed a negative correlation with the change of predicted V02peak
(%). Therefore, the change of VO2at and predicted V02peak (%) are
sensitive indicators to predict the change of RVEF (00) after PVR.
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