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Abstract 1

Effects of Left Ventricular Function on the Cardiopulmonary Response to

Exercise in Patients with Repaired Tetralogy of Fallot

Background: Tissue Doppler imaging has been recently used to evaluate ventricular
function. Peak oxygen uptake (V.Ozpeak) has been demonstrated as a predictor for death
in adults with repaired tetralogy of Fallot (TOF). The aim of this study was to determine
which Doppler parameters correlated with V.ngeak in patients with repaired TOF.
Methods: Thirty patients with TOF underwent for total correction were studied.
Echocardiography and exercise test were performed. Doppler echocardiogram and tissue
Doppler imaging were performed to evaluate systolic and diastolic ventricular function.
Results: In thirty patients with repaired TOF (median age 14 years, range 9 to 25 years),
11 patients (37%) were female. Seven patients (median age 12 years) had normal diastolic
left ventricular function, whereas the rest of the patients were classified as diastolic
dysfunction grade Il (median age 15 years, n=15) and lll&IV (median age 18 years, n=8).
The oxygen uptake at anaerobic threshold (V.OZAT) and peak exercise in patients with
diastolic left ventricular function was significantly lower than that in those with normal
diastolic function. Also, V.OZAT and V.Ozpeak in patients with diastolic dysfunction grade
&IV were significantly lower than that in those with diastolic dysfunction grade Il. Left
ventricular early diastolic myocardial velocity was most closely correlated to V.Ozpeak (r =
0.51, p = 0.005). Peak early ventricular filling velocity to early diastolic myocardial velocity
ratio was significantly correlated with V.ngeak (r =-0.50, p = 0.006).

Conclusion: Diastolic left ventricular dysfunction is correlated with V.Ozpeak. Diastolic left
ventricular function should be a routine echocardiographic assessment in patients with

repaired TOF.

KEYWORDS: Left ventricle; diastolic function; exercise; repaired tetralogy of Fallot
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Abstract 2

Heart Rate Variability and Exercise Capacity in Patients with Repaired

Tetralogy of Fallot

Background: Heart rate variability (HRV) has been used as a reliable method to detect
autonomic nervous system activity. Ventricular tachycardia and sudden cardiac death have
been devastating complications in patients after repaired tetralogy of Fallot (TOF). Peak
oxygen uptake (V.Ozpeak) has been a predictor for death in adults with repaired TOF. We
sought to study the correlation between HRV and exercise capacity.

Methods: Thirty patients (F/M=11/19) with tetralogy of Fallot underwent for total correction
were studied. Electrocardiography, echocardiography, exercise test and a 24 hour Holter
ECG were performed at entry and at one year follow-up. HRV analysis including frequency
domain and time domain was obtained from 24 hour Holter monitoring. Relationship
between HRV analysis and exercise capacity was evaluated during a year follow-up.
Results: Median age was 14 years (range 9 to 25 years). Median follow-up time was 11.6
months (range 5.3 to 20.2 months). Low and high frequency domain heart rate variability
significantly correlated with peak oxygen uptake (r=0.56, p=0.001; r=0.44, p=0.02,
respectively). After one year follow-up, peak oxygen uptake and HRV analysis were not
different from those at entry. However, low and high frequency domain heart rate variability
still significantly correlated with peak oxygen uptake (r=0.43, p=0.03; r=0.52, p=0.007,
respectively). Left ventricular early diastolic myocardial velocity was most closely correlated
to the V.Ozpeak (r = 0.51, p = 0.005). Peak early ventricular filling velocity to early diastolic
myocardial velocity ratio (E/Em) significantly correlated with V.Ozpeak (r =-0.50, p = 0.006).
Conclusions: Heart rate variability has a significant correlation with peak oxygen uptake at
entry and at one year follow-up. Left ventricular early diastolic myocardial velocity was
correlated with the V.Ozpeak. Impaired cardiovascular autonomic control and diastolic left
ventricular dysfunction may be responsible for exercise intolerance in patients with repaired
tetralogy of Fallot. Long term follow-up for exercise test, and a 24 hour Holter monitoring is

warranted.

KEYWORDS: Heart rate variability; exercise capacity; repaired tetralogy of Fallot
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Study 1

Effects of Left Ventricular Function on the Cardiopulmonary Response to

Exercise in Patients with Repaired Tetralogy of Fallot
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Introduction

Tetralogy of Fallot (TOF) is the most common form of cyanotic congenital heart
disease occurring in 4-9% of all congenital heart defects.1 TOF is comprised of the four
cardiac findings: large ventricular septal defect (VSD), overriding of the aorta, right
ventricular outflow tract obstruction, and right ventricular hypertrophy. The surgical goal is
to achieve adequate complete relief of right ventricular outflow obstruction with closure of
the VSD. Surgical repair can be performed with low mortality rate and good long-term
outcome.z-11 Nevertheless, the surgical repair leaves the patient with some degree of
hemodynamic abnormalities due to residual pulmonary stenosis, pulmonary regurgitation, or
myocardial dysfunction. These abnormalities cause no clinical symptom in the majority of
patients. However, the careful assessment of exercise capacity demonstrates
cardiopulmonary abnormality in some patients.m'19 Patients repaired at an older age or
those followed for a longer time tended to be the most Iimited.13 Patients with branch
pulmonary stenosis,14 significant pulmonary regurgitation,15_21 and Ieftzz-23 or right ventricular
dysfunction%28 have reduced exercise capacity. New echocardiographic techniques may
be promising for early diagnosis of right and left ventricular dysfunction. Tissue Doppler
imaging has been recently used to evaluate early myocardial dysfunction. In some patients
with myocardial dysfunction, diastolic ventricular dysfunction preceded the onset of systolic
impairment.29 Therefore, in the present study, conventional pulse wave Doppler and tissue
Doppler echocardiography were evaluated in patients with repaired TOF. We hypothesized
that pulse wave Doppler and tissue Doppler imaging patterns of diastolic ventricular
dysfunction are correlated with exercise intolerance in patients with TOF after a complete

repair.
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Methods

Study Patients

We prospectively studied 30 patients with TOF who underwent surgery for total
correction at Chiang Mai University Hospital. Echocardiography, electrocardiography, and
exercise test were performed. The study protocol was reviewed and approved by the
Chiang Mai University Review Board. All patients or parents had consented to research
participation.
Doppler Echocardiography

Doppler echocardiographic examinations were performed using Philips Sonos 7500.
Doppler echocardiogram and tissue Doppler imaging were performed to evaluate systolic
and diastolic ventricular function. Echocardiographic data included left ventricular fractional
shortening, pulse wave Doppler assessment of mitral and pulmonary venous flows, and
tissue Doppler imaging. Pulse wave Doppler of mitral valve flow measured peak early
ventricular filling velocity (E), peak atrial contraction velocity (A), A wave duration, and
deceleration time. Pulse wave Doppler of pulmonary venous flow were systolic forward flow
velocity, diastolic forward flow velocity, atrial reversal flow velocity, and atrial reversal flow
duration. Tissue Doppler imaging signal was obtained from an apical four-chamber view at
the right ventricular free wall, ventricular septum, and left ventricular free wall. Tissue
Doppler imaging variables included systolic myocardial velocity (Sm), early diastolic
myocardial velocity (Em), and late diastolic myocardial velocity (Am).  Myocardial
performance index was calculated by the atrioventricular valve closing to opening time
minus ventricular ejection time and divided by the ejection time. Diastolic left ventricular
dysfunction was graded according to pulse wave Doppler of mitral and pulmonary venous
flows and tissue Doppler imaging.30
Exercise Test

Exercise test was performed on an electric cycle ergometer. All patients performed
a maximal exercise test with a 2-minute incremental bicycle protocol with a work load
increment of 20 Watts for female and 25 Watts for male. Electrocardiogram, oxygen
saturation, and blood pressure were monitored. Peak oxygen uptake (V.Ozpeak), carbon
dioxide production (V.COZ), minute ventilation (V.E), and respiratory exchange ratio (RER)
were measured by using breath-by-breath technique. The test was terminated according to

ACSM guidelines.31
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Statistical Analysis

All statistical calculations were assessed using commercially available software.
Comparison of V.Ozpeak between groups of diastolic ventricular dysfunction was performed
using Wilcoxon rank sum. Linear regression analysis was used to assess the correlation
between the Doppler parameters and the V.Ozpeak. A p-value less than 0.05 was

considered statistically significant.
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Results

Thirty patients with repaired TOF were studied (median age 14 years, range 9 to 25
years). Eleven patients (37%) were female. Seven patients (median age 12 years) had
normal diastolic left ventricular function, 15 patients (median age 15 years) had diastolic
dysfunction grade Il, and 8 patients (median age 18 years) had diastolic dysfunction grade
N&IV. Baseline clinical characteristics were compared in Table 1. The patients with
normal diastolic function were younger and younger at operation than the other groups.
The patients with diastolic dysfunction grade 111&IVV had more body surface area and more
females than the other groups. However, follow-up time, previous modified Blalock-Taussig
shunt, heart rate, and blood pressure were not statistically different among these three
groups.

Exercise parameters

Observed exercise values stratified by diastolic left ventricular function were
summarized in Table 2. The oxygen uptake at anaerobic threshold (V.OQAT) and V.ngeak
in patients with diastolic left ventricular function was significantly lower than that in those
with normal diastolic function. Also, V.OZAT and V.Ozpeak in patients with diastolic function
grade &IV were significantly lower than that in those with diastolic function grade Il
(Figure 1). However, heart rate, oxygen pulse, V.E, v'E/v'coz, and RER were not
significantly different among these three groups.

Relationship of Pulse Wave Doppler and Tissue Doppler Data to Peak oxygen uptake

Results of the relationship between the Doppler data and peak oxygen uptake are
graphically displayed in Figure 2. Left ventricular early diastolic myocardial velocity was
most closely correlated to the peak oxygen uptake (r = 0.51, p = 0.005). Peak early
ventricular filling velocity to early diastolic myocardial velocity ratio (E/Em) significantly
correlated with peak oxygen uptake (r = -0.50, p = 0.006). Right ventricular
echocardiographic parameters including myocardial performance index, fractional area

change, and tissue Doppler were not significantly correlated with V O,peak.
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Table 1. Demographic and clinical characteristics of patients according to diastolic left

ventricular dysfunction (N=30).

Normal Diastolic Diastolic P value
(N=7) dysfunction grade | dysfunction grade
Il (N=15) &IV (N=8)

Age (years) 12+ 2 16+ 4 18+ 6 0.02
Age at operation (years) 4 +1 62 85 0.04
Follow-up time (years) 81 103 104 0.20
Female, N (%) 1 (14%) 4 (27%) 6 (75%) 0.03
Previous surgery, N (%) 2 (29%) 2 (13%) 2 (25%) 0.65
BSA (mz) 1.1+0.2 1.3 0.2 1.4 +0.2 0.02
Heart rate at rest (beats/min) | 75+ 10 77 £ 11 84 + 13 0.40
Systolic BP (mmHg) 98 +7 110 £ 14 106 + 13 0.09
Diastolic BP (mmHg) 59+8 69 + 13 63 +12 0.14
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Table 2. Comparison of the exercise data stratified by diastolic left ventricular function.

Exercise
Parameters Diastolic Rest Anaerobic Peak
dysfunction threshold
Heart rate Normal 86 £ 15 108 + 10 164 + 16
(beats/min) Grade |l 85+ 12 99 + 14 164 + 13
Grade &IV 89 + 11 102 £+ 11 153 £ 12
V.Oz (mL/kg/min) | Normal 112 214 419
Grade |l 8 + 2% 16 + 4% 33+ 7%
Grade II&IV 8+ 1% 12 + 2%H# 25 + 6%*#
Oxygen pulse Normal 39+1.3 6.0+1.6 76+1.6
(mL/min/beats) Grade Il 40+11 71124 8.8+34
Grade &IV 42 +11 57+11 7.7+25
Minute ventilation | Normal 10+£2 19+4 42+8
(L/min) Grade Il 113 19+6 47 + 16
Grade &IV 12+ 3 15+ 3 39+ 14
V.E/COZ Normal 38+4 33+5 32+6
Grade |l 36+5 29+5 27+ 4
Grade &IV 40 £ 6 335 29+6
Respiratory Normal 0.8+01 0901 1.1+£01
exchange ratio Grade |l 0.9+01 0.9+01 1.2+01
Grade &IV 0.8 +0.1 0.8 +0.1 1.1+0.2

* p<0.05 vs. normal diastolic function; # p<0.05 for grade Il vs. grade llI&IV. V.OZ: oxygen

uptake; V‘E/CO2: minute ventilation and carbon dioxide production ratio.
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Figure 1. Graphic display comparing the peak oxygen uptake according to grade of
diastolic left ventricular function dysfunction. V.OZAT: oxygen uptake at anaerobic threshold;

V'Ozpeak: peak oxygen uptake.

024 16

o
[
I

=)
.
CFIJ

MVE/LVEm

LVEm (m/sec)
[ o
P
S ¢

0.044 r=0.51

00 T T T T T

VeO2peak (mL/kg/min) VeO2peak (mL/kg/min)

Figure 2. Linear regression analysis comparing the pulse wave Doppler and tissue Doppler
data and peak oxygen uptake in patients with repaired tetralogy of Fallot. LVEm, left
ventricular free wall early diastolic myocardial velocity; MVE/LVEm, mitral valve early
ventricular filling velocity to left ventricular early diastolic myocardial velocity ratio; V'Ozpeak:

peak oxygen uptake.
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Discussion

The present study supports our hypothesis that pulse wave Doppler and tissue
Doppler patterns of diastolic left ventricular dysfunction correlated with V'Ozpeak. V.OZAT
and V.Ozpeak in patients with repaired TOF who have diastolic left ventricular dysfunction
was significantly lower than that in those with normal diastolic left ventricular function.
Furthermore, V.OZAT and V.ngeak in patients with diastolic dysfunction grade &IV was
significantly lower than that in those with diastolic dysfunction grade Il. Left ventricular early
diastolic myocardial velocity was significantly correlated to V.Ozpeak. Peak early ventricular
filling velocity to early diastolic myocardial velocity ratio also correlated with V'Ozpeak. In
fact, decreased early diastolic myocardial velocity and increased early ventricular filling
velocity to early diastolic myocardial velocity ratio are characteristics of diastolic left
ventricular dysfunction with increased ventricular end-diastolic pressure and increased left
atrial pressure.

Cheung et al. reported that global left ventricular deformation due to right ventricular
dilation was an independent predictor of V.Ozpeak in patients with repaired TOF.32 The
present study supported this finding that diastolic left ventricular dysfunction was correlated
with V.Ozpeak. Norozi et al.33 and Samman et al.34 reported that biventricular dysfunction
was associated with diminished exercise capacity. V.ngeak was correlated with left
ventricular Tei index.ae’_34 In fact, Tei index has been shown as an echocardiographic
parameter of global systolic and diastolic ventricular function.35

Several studies demonstrated right ventricular dysfunction was associated with
decreased exercise capacity in adult patients after repaired TOF.%25 However, Cheung et
al. reported right ventricular function including myocardial performance index, ejection
fraction, and tricuspid annular velocity was not a predictor of V.ngeak in adolescents after
repaired TOF.36 Our findings in the present study supported their finding that right
ventricular function in children and adolescents was not correlated with V.Ozpeak. Right
ventricular function in children and adolescents may be still reserved for pressure and
volume overload.

The diastolic grading system provides a semi-quantitative approach to classify the
severity of ventricular function using mitral valve flow, pulmonary venous flow, and tissue
Doppler imaging.30 Ommen et al. demonstrated that the combined parameter of E/Em

provided a better estimate of left ventricular filling pressure than other variables.37 In the
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present study, the grade of diastolic left ventricular function was correlated to V.ngeak.
Also, Doppler variables of diastolic dysfunction including left ventricular early diastolic
myocardial velocity and increased E/Em ratio were significantly correlated with V.Ozpeak.

There is a limitation in our study for evaluation of right ventricular function using
echocardiography. Magnetic resonance imaging is the gold standard for evaluation of right
ventricular function, but this method is expensive. However, tissue Doppler imaging has
been recently used to evaluate right ventricular dysfunction.24 Long-term study of the
echocardiographic assessment for systolic and diastolic ventricular function in a large
number of patients with repaired TOF including older ages is warranted.

Left ventricular early diastolic myocardial velocity and peak early ventricular filling
velocity to early diastolic myocardial velocity ratio were significantly correlated to V.ngeak.
Diastolic left ventricular dysfunction could be responsible for exercise intolerance. Diastolic
left ventricular function should be a routine part of the echocardiographic assessment in

patients with repaired TOF.
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Study 2

Heart Rate Variability and Exercise Capacity in Patients with Repaired

Tetralogy of Fallot
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Introduction

Surgical repair of tetralogy of Fallot (TOF) can be performed with low mortality rate
and excellent long-term outcome.1_10 However, some hemodynamic abnormalities can be
found after surgery including residual pulmonary stenosis, pulmonary regurgitation, or
myocardial dysfunction. The majority of patients have no symptom due to these
abnormalities. However, the evaluation of exercise capacity reveals cardiopulmonary
compromise in some patients with repaired TOF.”_18 Peak oxygen uptake (V'Ozpeak) has
been an independent predictor of death in adults with repaired TOF.19 Heart rate variability
(HRV) has been used as a reliable method to detect autonomic nervous system activity.20
Ventricular tachycardia, progressive heart failure, and sudden cardiac death have been the
late complications in the long term.21_24 Reduced HRV is a predictor of sudden cardiac
death after myocardial infraction, and chronic heart failure.zs_26 Patients with TOF after
complete repair have reduction of HRV.27_30 To our knowledge, no previous studies of HRV
have correlated with exercise capacity in pediatric and adolescent patients with repaired
TOF. The early recognition of patients at greater risk for exercise intolerance and
increased morbidity is of clinical relevance for refinement in management. Therefore, in the
present study, echocardiography, exercise test and a 24 hour Holter ECG were evaluated in
patients with repaired TOF. We hypothesized that heart rate variability is correlated with

exercise intolerance in patients with TOF after surgical repair.
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Methods

Study Patients

We prospectively studied 30 patients with TOF who have undergone for total
correction at Chiang Mai University Hospital. Electrocardiography, echocardiography,
exercise test and a 24 hour Holter ECG were performed at entry and at one year follow-up.
Relationship between HRV analysis and exercise capacity was evaluated during a year
follow-up. The study protocol was reviewed and approved by the Chiang Mai University
Review Board. All patients or parents had consented to research participation.
HRV analysis

Twenty-four-hour ECG was recorded for HRV analysis. The recordings were
reviewed and corrected before the HRV was determined by the analysis software. HRV
analysis includes frequency domain and time domain. Frequency-domain HRV parameters
were low-frequency power (LF), high-frequency power (HF), and the LF/HF ratio. Time
domain HRV parameters include the standard deviation of all normal sinus R-R intervals in
the entire 24-h recording (SDNN), and the standard deviation of all average normal sinus R-
R intervals for all 5-min segment in the 24-h recordings (SDANN).
Exercise Test

Exercise test was performed on an electric cycle ergometer. All patients performed
a maximal exercise test with a 2-minute incremental bicycle protocol with a work load
increment of 20 Watts for female and 25 Watts for male. Electrocardiogram, oxygen
saturation, and blood pressure were monitored. Peak oxygen uptake (V.ngeak), carbon
dioxide production (V'COZ), minute ventilation (V'E), and respiratory exchange ratio (RER)
were determined by using breath-by-breath technique. The test was terminated according
to ACSM guidelines.”
Doppler Echocardiography

Doppler echocardiographic examinations were performed using Philips Sonos 7500.
Echocardiographic data included left ventricular fractional shortening, pulse wave Doppler
assessment of tricuspid valve and mitral valve, and tissue Doppler imaging. Tissue Doppler
imaging signal was obtained from an apical four-chamber view at the right ventricular free
wall, ventricular septum, and left ventricular free wall. Tissue Doppler imaging variables
included systolic myocardial velocity (Sm), early diastolic myocardial velocity (Em), and late

diastolic myocardial velocity (Am). Myocardial performance index was calculated by the
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atrioventricular valve closing to opening time minus ventricular ejection time and divided by
the ejection time.
Statistical Analysis

All statistical calculations were assessed using commercially available software.
Linear regression analysis was used to assess the correlation between HRV and the
V'Ozpeak. Comparison of parameters between at entry and at one-year follow-up was
performed using Wilcoxon rank sum. Multiple linear regression analysis was used for
predictive model of peak oxygen uptake. A p-value less than 0.05 was considered

statistically significant.
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Results

Thirty patients with repaired TOF were studied (median age 14 years, range 9 to 25
years). Eleven patients (37%) were female. Median follow-up time was 11.6 months
(range 5.3 to 20.2 months). Baseline characteristics were reported in Table 1. Median time
from surgical repair of tetralogy of Fallot to exercise test was 9 years (range 2 to 16 years).
Six patients had previous modified Blalock-Taussig shunt. Right ventricular outflow tract
reconstruction with transannular patch was performed in 14 patients (47%).
Echocardiography, exercise test, and HRV analysis at entry and at one-year follow-up were
compared in Table 2. Echocardiographic parameter, peak oxygen uptake and HRV
analysis were not different during one-year follow-up.

Relationship of heart rate variability to peak oxygen uptake

Results of the relationship between the heart rate variability and V.Ozpeak are
graphically displayed in Figure 1. Low and high frequency domain heart rate variability
significantly correlated with V.Ozpeak (r=0.56, p=0.001; r=0.44, p=0.02, respectively). After
one year follow-up, V.Ozpeak and HRV analysis were not different from those at entry.
However, low and high frequency domain heart rate variability still significantly correlated
with V'Ozpeak at one-year follow-up (r=0.43, p=0.03; r=0.52, p=0.007, respectively).
Relationship of pulse wave Doppler and tissue Doppler data to peak oxygen uptake

Left ventricular early diastolic myocardial velocity was most closely correlated to the
V.Ozpeak (r = 0.51, p = 0.005). Peak early ventricular filling velocity to early diastolic
myocardial velocity ratio (E/Em) significantly correlated with V.Ozpeak (r =-0.50, p = 0.006).
Predictors for peak oxygen uptake

Using multiple regression analysis, female, reduced heart rate variability, and
increased peak early ventricular filling velocity to early diastolic myocardial velocity ratio

(E/Em) were associated with decreased V O,peak.
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Table 1. Demographic and baseline characteristics of patients with repaired tetralogy of

Fallot (N=30).
TOF patients at entry
(mean + SD)

Age (year) 15.8+44
Age at operation (year) 6.3+3.0
Follow-up time from operation (year) 95+3.0
Female (N, %) 11 (37%)
BSA (m’) 1.3+0.2
Heart rate at rest (beats/min) 78 £ 11
Systolic BP (mmHg) 106 + 13
Diastolic BP (mmHg) 65+ 12
Previous Blalock-Taussig shunt (N, %) 6 (20%)
Transannular patch (N, %) 14 (47%)
QRS duration (msec) 138 £ 25
Pro-BNP 198 + 178
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Table 2. Echocardiography, exercise test, and heart rate variability at entry and at one-year

follow-up in patients with repaired tetralogy of Fallot.

Parameter At entry At one year P value
Echocardiography
LVEF (%) 57+9 60 + 8 NS
LVSm (m/sec) 0.06 + 0.01 0.07 £ 0.01 NS
LVEm (m/sec) 0.13 £ 0.03 0.14 + 0.03 NS
LVAmM (m/sec) 0.04 £ 0.01 0.04 + 0.01 NS
RVFAC (%) 5117 53+5 NS
RVSm (m/sec) 0.08 + 0.02 0.08 + 0.02 NS
RVEm (m/sec) 0.11 £ 0.03 0.12 + 0.04 NS
RVAmM (m/sec) 0.04 £ 0.01 0.08 £ 0.18 NS
Exercise test (peak)
Heart rate (bpm) 162 + 14 160 £ 12 NS
V'Oz (mL/kg/min) 33+9 31+10 NS
Minute ventilation (L/min) 44 + 14 43 + 11 NS
VE/CO, 29+5 29+5 NS
Gas exchange ratio 1.14 £ 0.13 1.13 £ 0.16 NS
Time domain
SDNN (msec) 132 + 30 139 + 46 NS
SDANN (msec) 122 + 31 128 + 49 NS
Frequency domain
Low frequency (ms’) 20 +7 21+8 NS
High frequency (msz) 14 +6 167 NS
LF/HF ratio 1.6 £ 0.4 1.4+04 NS
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Figure 1. Linear regression analysis between heart rate variability and peak oxygen uptake

at entry (upper) and at one-year follow-up (lower) in patients with repaired tetralogy of

Fallot. V.OZpeak: peak oxygen uptake
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Discussion

The present study supports our hypothesis that heart rate variability is correlated
with exercise intolerance in patients with repaired TOF. Low and high frequency domain
heart rate variability significantly correlated with V.Ozpeak (r=0.56, p=0.001; r=0.44, p=0.02,
respectively). After one year follow-up, low and high frequency domain heart rate variability
still significantly correlated with V.Ozpeak at one-year follow-up (r=0.43, p=0.03; r=0.52,
p=0.007, respectively). Furthermore, left ventricular early diastolic myocardial velocity was
most closely correlated to the V.Ozpeak (r = 0.51, p = 0.005). Peak early ventricular filling
velocity to early diastolic myocardial velocity ratio (E/Em) significantly correlated with
V.Ozpeak (r = -0.50, p = 0.006). In fact, decreased early diastolic myocardial velocity and
increased early ventricular filling velocity to early diastolic myocardial velocity ratio are
characteristics of diastolic left ventricular dysfunction. Female, reduced heart rate
variability, and increased peak early ventricular filling velocity to early diastolic myocardial
velocity ratio were associated with decreased V.Ozpeak.

Several studies reported that adolescent and adult patients with repaired TOF had
reduced HRV.ZMO Reduced HRYV is a predictor of sudden cardiac death after myocardial
infraction, and chronic heart failure.zs_26 To our knowledge, no previous studies of HRV
have correlated with exercise capacity in pediatric and adolescent patients with repaired
TOF. Peak oxygen uptake has been an independent predictor of death in adults with
repaired TOF.19 The present study found that low and high frequency domain HRV
significantly correlated with V.Ozpeak at entry and at one-year follow-up.

McLeod et al,27 and Davos et 3130 reported that reduced HRV was associated with
widening of the ORS complex which had been identified as a risk factor for sustained
ventricular tachycardia and sudden death.32 Folino et aI,28 and Butera et al29 reported that
patients with ventricular tachycardia had reduced HRV. The present study cannot find the
association between HRV and the QRS duration in pediatric and adolescent patients with
repaired TOF. No ventricular tachycardia has been found in the 24-hour Holter monitoring
since patients in the present study were younger age than those in previous studies.

Cheung et al. reported impaired global left ventricular deformation due to right
ventricular dilation was an independent predictor of V.Ozpeak in patients with repaired

TOF.33 The present study supported this finding that diastolic left ventricular dysfunction
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was correlated with V.Ozpeak. Therefore, reduced heart rate variability and diastolic left
ventricular dysfunction may responsible for exercise intolerance.

Heart rate variability has a significant correlation with peak oxygen uptake at entry
and at one year follow-up. Left ventricular early diastolic myocardial velocity was correlated
wih the V.Ozpeak. Impaired cardiovascular autonomic control and diastolic left ventricular
dysfunction may be responsible for exercise intolerance in patients with repaired tetralogy of
Fallot. Long term follow-up for exercise test, echocardiography, and a 24 hour Holter

monitoring is warranted.
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ABSTRACT

Objective: Tissue Doppler imaging has been recently used to evaluate ventricular
function. Peak oxygen uptake (V°ngeak) has been demonstrated as a predictor for death
in adults with repaired tetralogy of Fallot (TOF). The aim of this study was to determine
which Doppler parameters correlated with Voogpeak in patients with repaired TOF.
Method and Results: Doppler echocardiogram, tissue Doppler imaging, and exercise test
were performed in thirty patients with TOF after surgical repair. In thirty patients with
repaired TOF (median age 14 years, range 9 to 25 years), 11 patients (37%) were female.
Seven patients (median age 12 years) had normal diastolic left ventricular function,
whereas the rest of the patients were classified as diastolic dysfunction grade 1l (median
age 15 years, n=15) and I11&IV (median age 18 years, n=8). The oxygen uptake at
anaerobic threshold (V.OZAT) and peak exercise in patients with diastolic left ventricular
dysfunction was significantly lower than that in those with normal diastolic function.
Also, V' Opar and Voozpeak in patients with diastolic dysfunction grade 11&IV were
significantly lower than that in those with diastolic dysfunction grade Il. Left ventricular
early diastolic myocardial velocity was most closely correlated to Voozpeak (r=051,p=
0.005). Peak early ventricular filling velocity to early diastolic myocardial velocity ratio
was significantly correlated with V'Ozpeak (r=-0.50, p = 0.006).

Conclusion: Diastolic left ventricular dysfunction is correlated with V'ngeak. Diastolic
left ventricular function should be a routine echocardiographic assessment in patients
with repaired TOF.

KEYWORDS: Left ventricular diastolic function; exercise; repaired tetralogy of Fallot
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INTRODUCTION

Tetralogy of Fallot (TOF) is the most common form of cyanotic congenital heart
disease occurring in 4-9% of all congenital heart defects.! TOF is comprised of the four
cardiac findings: large ventricular septal defect (VSD), overriding of the aorta, right
ventricular outflow tract obstruction, and right ventricular hypertrophy. The surgical goal
is to achieve adequate complete relief of right ventricular outflow obstruction with
closure of the VSD. Surgical repair can be performed with low mortality rate and good

long-term outcome.”™**

Nevertheless, the surgical repair leaves the patient with some
degree of hemodynamic abnormalities due to residual pulmonary stenosis, pulmonary
regurgitation, or myocardial dysfunction. These abnormalities cause no clinical symptom
in the majority of patients. However, the careful assessment of exercise capacity
demonstrates cardiopulmonary abnormality in some patients.***® Patients repaired at an
older age or those followed for a longer time tended to be the most limited.** Patients
with branch pulmonary stenosis,** significant pulmonary regurgitation,”>** and left*>*® or
right ventricular dysfunction®?® have reduced exercise capacity. New echocardiographic
techniques may be promising for early diagnosis of right and left ventricular dysfunction.
Tissue Doppler imaging has been recently used to evaluate early myocardial dysfunction.
In some patients with myocardial dysfunction, diastolic ventricular dysfunction preceded
the onset of systolic impairment.”® Therefore, in the present study, conventional pulse
wave Doppler and tissue Doppler echocardiography were evaluated in patients with
repaired TOF. We hypothesized that pulse wave Doppler and tissue Doppler imaging
patterns of diastolic ventricular dysfunction are correlated with exercise intolerance in

patients with TOF after a complete repair.

METHODS
Study Patients

We prospectively studied 30 patients with TOF who underwent surgery for total
correction at Chiang Mai University Hospital. Echocardiography, electrocardiography,
and exercise test were performed. The study protocol was reviewed and approved by the
Chiang Mai University Review Board. All patients or parents had consented to research

participation.
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Doppler Echocardiography

Doppler echocardiographic examinations were performed using Philips Sonos
7500. Doppler echocardiogram and tissue Doppler imaging were performed to evaluate
systolic and diastolic ventricular function. Echocardiographic data included left
ventricular fractional shortening, pulse wave Doppler assessment of mitral and pulmonary
venous flows, and tissue Doppler imaging. Pulse wave Doppler of mitral valve flow
measured peak early ventricular filling velocity (E), peak atrial contraction velocity (A),
A wave duration, and deceleration time. Pulse wave Doppler of pulmonary venous flow
were systolic forward flow velocity, diastolic forward flow velocity, atrial reversal flow
velocity, and atrial reversal flow duration. Tissue Doppler imaging signal was obtained
from an apical four-chamber view at the right ventricular free wall, ventricular septum,
and left ventricular free wall. Tissue Doppler imaging variables included systolic
myocardial velocity (Sm), early diastolic myocardial velocity (Em), and late diastolic
myocardial velocity (Am). Myocardial performance index was calculated by the
atrioventricular valve closing to opening time minus ventricular ejection time and divided
by the ejection time. Diastolic left ventricular dysfunction was graded according to pulse
wave Doppler of mitral and pulmonary venous flows and tissue Doppler imaging.*
Exercise Test

Exercise test was performed on an electric cycle ergometer. All patients
performed a maximal exercise test with a 2-minute incremental bicycle protocol with a
work load increment of 20 Watts for female and 25 Watts for male. Electrocardiogram,
oxygen saturation, and blood pressure were monitored. Peak oxygen uptake (V°Ozpeak),
carbon dioxide production (V°C02), minute ventilation (V°E), and respiratory exchange
ratio (RER) were measured by using breath-by-breath technique. The test was terminated
according to ACSM guidelines.®
Statistical Analysis

All statistical calculations were assessed using commercially available software.
Comparison of Voozpeak between groups of diastolic ventricular dysfunction was
performed using Wilcoxon rank sum. Linear regression analysis was used to assess the
correlation between the Doppler parameters and the V'Ozpeak. A p-value less than 0.05

was considered statistically significant.
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RESULTS

Thirty patients with repaired TOF were studied (median age 14 years, range 9 to
25 years). Eleven patients (37%) were female. Seven patients (median age 12 years) had
normal diastolic left ventricular function, 15 patients (median age 15 years) had diastolic
dysfunction grade |1, and 8 patients (median age 18 years) had diastolic dysfunction grade
I11&1V. Baseline clinical characteristics were compared in Table 1. The patients with
normal diastolic function were younger and younger at operation than the other groups.
The patients with diastolic dysfunction grade 111&IV had more body surface area and
more females than the other groups. However, follow-up time, previous modified
Blalock-Taussig shunt, heart rate, and blood pressure were not statistically different
among these three groups.
Exercise parameters

Observed exercise values stratified by diastolic left ventricular function were
summarized in Table 2. The oxygen uptake at anaerobic threshold (V.OZAT) and
V'Ozpeak in patients with diastolic left ventricular function was significantly lower than
that in those with normal diastolic function. Also, V' Ozat and V'Ozpeak in patients with
diastolic function grade I11&1V were significantly lower than that in those with diastolic
function grade Il (Figure 1). However, heart rate, oxygen pulse, Ve, VEIV'CO,, and
RER were not significantly different among these three groups.
Relationship of Pulse Wave Doppler and Tissue Doppler Data to Peak oxygen
uptake

Results of the relationship between the Doppler data and peak oxygen uptake are
graphically displayed in Figure 2. Left ventricular early diastolic myocardial velocity
was most closely correlated to the peak oxygen uptake (r = 0.51, p = 0.005). Peak early
ventricular filling velocity to early diastolic myocardial velocity ratio (E/Em)
significantly correlated with peak oxygen uptake (r = -0.50, p = 0.006). Right ventricular
echocardiographic parameters including myocardial performance index, fractional area

change, and tissue Doppler were not significantly correlated with V'Ozpeak.

DISCUSSION
The present study supports our hypothesis that pulse wave Doppler and tissue
Doppler patterns of diastolic left ventricular dysfunction correlated with V'Ozpeak.

V'OZAT and V'ngeak in patients with repaired TOF who have diastolic left ventricular
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dysfunction was significantly lower than that in those with normal diastolic left
ventricular function. Furthermore, V Oar and Voozpeak in patients with diastolic
dysfunction grade I11&IV was significantly lower than that in those with diastolic
dysfunction grade IlI. Left ventricular early diastolic myocardial velocity was
significantly correlated to V°Ozpeak. Peak early ventricular filling velocity to early
diastolic myocardial velocity ratio also correlated with V°Ozpeak. In fact, decreased early
diastolic myocardial velocity and increased early ventricular filling velocity to early
diastolic myocardial velocity ratio are characteristics of diastolic left ventricular
dysfunction with increased ventricular end-diastolic pressure and increased left atrial
pressure.

Cheung et al. reported that global left ventricular deformation due to right
ventricular dilation was an independent predictor of V'Ozpeak in patients with repaired
TOF.*? The present study supported this finding that diastolic left ventricular dysfunction

1.3* and Samman et al.®*

was correlated with V°Ozpeak. Norozi et a reported that
biventricular dysfunction was associated with diminished exercise capacity. V'ngeak
was correlated with left ventricular Tei index.*** In fact, Tei index has been shown as an
echocardiographic parameter of global systolic and diastolic ventricular function.®

Several studies demonstrated right ventricular dysfunction was associated with
decreased exercise capacity in adult patients after repaired TOF.?*?> However, Cheung et
al. reported right ventricular function including myocardial performance index, ejection
fraction, and tricuspid annular velocity was not a predictor of V°ngeak in adolescents
after repaired TOF.*® Our findings in the present study supported their finding that right
ventricular function in children and adolescents was not correlated with V'Ozpeak. Right
ventricular function in children and adolescents may be still reserved for pressure and
volume overload.

The diastolic grading system provides a semi-quantitative approach to classify the
severity of ventricular function using mitral valve flow, pulmonary venous flow, and
tissue Doppler imaging.®® Ommen et al. demonstrated that the combined parameter of
E/Em provided a better estimate of left ventriuclar filling pressure than other variables.*’
In the present study, the grade of diastolic left ventricular function was correlated to
V'Ozpeak. Also, Doppler variables of diastolic dysfunction including left ventricular
early diastolic myocardial velocity and increased E/Em ratio were significantly correlated

with V'Ozpeak.
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There is a limitation in our study for evaluation of right ventricular function using
echocardiography. Magnetic resonance imaging is the gold standard for evaluation of
right ventricular function, but this method is expensive. However, tissue Doppler
imaging has been recently used to evaluate right ventricular dysfunction.”* Long-term
study of the echocardiographic assessment for systolic and diastolic ventricular function

in a large number of patients with repaired TOF including older ages is warranted.

CONCLUSIONS

Left ventricular early diastolic myocardial velocity and peak early ventricular
filling velocity to early diastolic myocardial velocity ratio were significantly correlated to
V'Ozpeak. Diastolic left ventricular dysfunction could be responsible for exercise
intolerance.  Diastolic left ventricular function should be a routine part of the

echocardiographic assessment in patients with repaired TOF.
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Table 1. Demographic and clinical characteristics of patients according to diastolic left

ventricular dysfunction (N=30).

Normal Diastolic Diastolic P value
(N=7) dysfunction dysfunction
grade Il (N=15) grade &IV
(N=8)
Age (years) 12+2 16+4 18+6 0.02
Age at operation (years) 4+1 6+2 85 0.04
Follow-up time (years) 8x1 10+3 10+4 0.20
Female, N (%) 1 (14%) 4 (27%) 6 (75%) 0.03
Previous surgery, N (%) 2 (29%) 2 (13%) 2 (25%) 0.65
BSA (m? 1.1+0.2 1.3+ 0.2 1.4+0.2 0.02
Heart rate at rest 75+10 7711 84 +13 0.40
(beats/min) 98+7 110+ 14 106 + 13 0.09
Systolic BP (mmHg) 50+8 69 £ 13 63+ 12 0.14

Diastolic BP (mmHg)
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Table 2. Comparison of the exercise data stratified by diastolic left ventricular function.

Exercise
Parameters Diastolic Rest Anaerobic Peak
dysfunction threshold

Heart rate Normal 86 + 15 108 + 10 164 + 16
(beats/min) Grade 11 85+ 12 99+14 164 £ 13
Grade &IV 89+11 102+ 11 153+ 12

VO, Normal 1142 21+4 41+9
(mL/kg/min) Grade Il 8 £ 2% 16 + 4% 33+ 7%
Grade &IV 8+ 1« 12 + 2x# 25 + 6x*#
Oxygen pulse Normal 39+13 6.0+16 76+16
(mL/min/beats) | Grade Il 4011 71+24 8.8+34
Grade &IV 42+11 5.7+x1.1 7.7+25

Minute Normal 10+2 19+4 42 +8
ventilation Grade Il 11+3 19+6 47 £ 16
(L/min) Grade &IV 12+3 15+3 39+14

V'e/CO;, Normal 38+4 33+5 32+6

Grade Il 36+5 29+5 27 +4

Grade &IV 40 + 6 33+5 29+6
Respiratory Normal 08+0.1 09+0.1 1.1+£0.1
exchange ratio Grade Il 09+0.1 09+0.1 1.2+0.1
Grade &IV 08+0.1 08+0.1 1.1+0.2

* p<0.05 vs. normal diastolic function; # p<0.05 for grade Il vs. grade HI&IV. V'O,

oxygen uptake; V'£/CO,: minute ventilation and carbon dioxide production ratio.
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Figure 1. Graphic display comparing the peak oxygen uptake according to grade of
diastolic left ventricular function dysfunction. V' Oour: oxygen uptake at anaerobic

threshold,; V°Ozpeak: peak oxygen uptake.
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Figure 2. Linear regression analysis comparing the pulse wave Doppler and tissue
Doppler data and peak oxygen uptake in patients with repaired tetralogy of Fallot. LVEm,
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early ventricular filling velocity to left ventricular early diastolic myocardial velocity

ratio; V.Ozpeak: peak oxygen uptake.
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ABSTRACT

Background: Heart rate variability (HRV) has been used as a reliable method to detect
autonomic nervous system activity. Ventricular tachycardia and sudden cardiac death
have been devastating complications in patients after repaired tetralogy of Fallot (TOF).
Peak oxygen uptake (V'Ozpeak) has been a predictor for death in adults with repaired
TOF. We sought to study the correlation between HRV and exercise capacity.

Methods: Thirty patients (F/M=11/19) with tetralogy of Fallot underwent for total
correction were studied. Electrocardiography, echocardiography, exercise test and a 24
hour Holter ECG were performed at entry and at one year follow-up. HRV analysis
including frequency domain and time domain was obtained from 24 hour Holter
monitoring. Relationship between HRV analysis and exercise capacity was evaluated
during a year follow-up.

Results: Median age was 14 years (range 9 to 25 years). Median follow-up time was 11.6
months (range 5.3 to 20.2 months). Low and high frequency domain heart rate variability
significantly correlated with peak oxygen uptake (r=0.56, p=0.001; r=0.44, p=0.02,
respectively). After one year follow-up, peak oxygen uptake and HRV analysis were not
different from those at entry. However, low and high frequency domain heart rate
variability still significantly correlated with peak oxygen uptake (r=0.43, p=0.03; r=0.52,
p=0.007, respectively). Left ventricular early diastolic myocardial velocity was most
closely correlated to the V'Ozpeak (r = 0.51, p = 0.005). Peak early ventricular filling
velocity to early diastolic myocardial velocity ratio (E/Em) significantly correlated with
V' O,peak (r = -0.50, p = 0.006).

Conclusions: Heart rate variability has a significant correlation with peak oxygen uptake
at entry and at one year follow-up. Left ventricular early diastolic myocardial velocity
was correlated wih the V'Ozpeak. Impaired cardiovascular autonomic control and
diastolic left ventricular dysfunction may be responsible for exercise intolerance in
patients with repaired tetralogy of Fallot. Long term follow-up for exercise test, and a 24

hour Holter monitoring is warranted.

KEYWORDS: Heart rate variabiliy; exercise capacity; repaired tetralogy of Fallot
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INTRODUCTION
Surgical repair of tetralogy of Fallot (TOF) can be performed with low mortality

rate and excellent long-term outcome.*™

However, some hemodynamic abnormalities
can be found after surgery including residual pulmonary stenosis, pulmonary
regurgitation, or myocardial dysfunction. The majority of patients have no symptom due
to these abnormalities.  However, the evaluation of exercise capacity reveals
cardiopulmonary compromise in some patients with repaired TOF.***® Peak oxygen
uptake (V.Ozpeak) has been an independent predictor of death in adults with repaired
TOF.Y® Heart rate variability (HRV) has been used as a reliable method to detect

autonomic nervous system activity.?

Ventricular tachycardia, progressive heart failure,
and sudden cardiac death have been the late complications in the long term.?*** Reduced
HRV is a predictor of sudden cardiac death after myocardial infraction, and chronic heart
failure.®?® Patients with TOF after complete repair have reduction of HRV.?*° To our
knowledge, no previous studies of HRV have correlated with exercise capacity in
pediatric and adolescent patients with repaired TOF. The early recognition of patients at
greater risk for exercise intolerance and increased morbidity is of clinical relevance for
refinement in management. Therefore, in the present study, echocardiography, exercise
test and a 24 hour Holter ECG were evaluated in patients with repaired TOF. We
hypothesized that heart rate variability is correlated with exercise intolerance in patients

with TOF after surgical repair.

METHODS
Study Patients

We prospectively studied 30 patients with TOF who have undergone for total
correction at Chiang Mai University Hospital. Electrocardiography, echocardiography,
exercise test and a 24 hour Holter ECG were performed at entry and at one year follow-
up. Relationship between HRV analysis and exercise capacity was evaluated during a
year follow-up. The study protocol was reviewed and approved by the Chiang Mai
University Review Board. All patients or parents had consented to research participation.
HRYV analysis

Twenty-four-hour ECG was recorded for HRV analysis. The recordings were
reviewed and corrected before the HRV was determined by the analysis software. HRV

analysis includes frequency domain and time domain. Frequency-domain HRV
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parameters were low-frequency power (LF), high-frequency power (HF), and the LEHF
ratio. Time domain HRV parameters include the standard deviation of all normal sinus
R-R intervals in the entire 24-h recording (SDNN), and the standard deviation of all
average normal sinus R-R intervals for all 5-min segment in the 24-h recordings
(SDANN).
Exercise Test

Exercise test was performed on an electric cycle ergometer. All patients
performed a maximal exercise test with a 2-minute incremental bicycle protocol with a
work load increment of 20 Watts for female and 25 Watts for male. Electrocardiogram,
oxygen saturation, and blood pressure were monitored. Peak oxygen uptake (V°Ozpeak),
carbon dioxide production (V°C02), minute ventilation (V°E), and respiratory exchange
ratio (RER) were determined by using breath-by-breath technique. The test was
terminated according to ACSM guidelines.®
Doppler Echocardiography

Doppler echocardiographic examinations were performed using Philips Sonos
7500. Echocardiographic data included left ventricular fractional shortening, pulse wave
Doppler assessment of tricuspid valve and mitral valve, and tissue Doppler imaging.
Tissue Doppler imaging signal was obtained from an apical four-chamber view at the
right ventricular free wall, ventricular septum, and left ventricular free wall. Tissue
Doppler imaging variables included systolic myocardial velocity (Sm), early diastolic
myocardial velocity (Em), and late diastolic myocardial velocity (Am). Myocardial
performance index was calculated by the atrioventricular valve closing to opening time
minus ventricular ejection time and divided by the ejection time.
Statistical Analysis

All statistical calculations were assessed using commercially available software.
Linear regression analysis was used to assess the correlation between HRV and the
V'Ozpeak. Comparison of parameters between at entry and at one-year follow-up was
performed using Wilcoxon rank sum. Multiple linear regression analysis was used for
predictive model of peak oxygen uptake. A p-value less than 0.05 was considered

statistically significant.
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RESULTS

Thirty patients with repaired TOF were studied (median age 14 years, range 9 to
25 years). Eleven patients (37%) were female. Median follow-up time was 11.6 months
(range 5.3 to 20.2 months). Baseline characteristics were reported in Table 1. Median
time from surgical repair of tetralogy of Fallot to exercise test was 9 years (range 2 to 16
years). Six patients had previous modified Blalock-Taussig shunt. Right ventricular
outflow tract reconstruction with transannular patch was performed in 14 patients (47%).
Echocardiography, exercise test, and HRV analysis at entry and at one-year follow-up
were compared in Table 2. Echocardiographic parameter, peak oxygen uptake and HRV
analysis were not different during one-year follow-up.
Relationship of heart rate variability to peak oxygen uptake

Results of the relationship between the heart rate variability and V.Ozpeak are
graphically displayed in Figure 1. Low and high frequency domain heart rate variability
significantly correlated with V.Ozpeak (r=0.56, p=0.001; r=0.44, p=0.02, respectively).
After one year follow-up, Voogpeak and HRV analysis were not different from those at
entry. However, low and high frequency domain heart rate variability still significantly
correlated with V°Ozpeak at one-year follow-up (r=0.43, p=0.03; r=0.52, p=0.007,
respectively).
Relationship of pulse wave Doppler and tissue Doppler data to peak oxygen uptake

Left ventricular early diastolic myocardial velocity was most closely correlated to
the V.Ozpeak (r = 0.51, p = 0.005). Peak early ventricular filling velocity to early
diastolic myocardial velocity ratio (E/Em) significantly correlated with V'Ozpeak (r=-
0.50, p = 0.006).
Predictors for peak oxygen uptake

Using multiple regression analysis, female, reduced heart rate variability, and
increased peak early ventricular filling velocity to early diastolic myocardial velocity

ratio (E/Em) were associated with decreased V°Ozpeak.

DISCUSSION

The present study supports our hypothesis that heart rate variability is correlated
with exercise intolerance in patients with repaired TOF. Low and high frequency domain
heart rate variability significantly correlated with Voozpeak (r=0.56, p=0.001; r=0.44,

p=0.02, respectively). After one year follow-up, low and high frequency domain heart
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rate variability still significantly correlated with Voogpeak at one-year follow-up (r=0.43,
p=0.03; r=0.52, p=0.007, respectively). Furthermore, left ventricular early diastolic
myocardial velocity was most closely correlated to the V'Ozpeak (r = 0.51, p = 0.005).
Peak early ventricular filling velocity to early diastolic myocardial velocity ratio (E/Em)
significantly correlated with V'Ozpeak (r = -0.50, p = 0.006). In fact, decreased early
diastolic myocardial velocity and increased early ventricular filling velocity to early
diastolic myocardial velocity ratio are characteristics of diastolic left ventricular
dysfunction. Female, reduced heart rate variability, and increased peak early ventricular
filling velocity to early diastolic myocardial velocity ratio were associated with decreased
V°Ozpeak.

Several studies reported that adolescent and adult patients with repaired TOF had
reduced HRV.?"* Reduced HRYV is a predictor of sudden cardiac death after myocardial
infraction, and chronic heart failure.”*® To our knowledge, no previous studies of HRV
have correlated with exercise capacity in pediatric and adolescent patients with repaired
TOF. Peak oxygen uptake has been an independent predictor of death in adults with
repaired TOF.® The present study found that low and high frequency domain HRV
significantly correlated with V'Ozpeak at entry and at one-year follow-up.

McLeod et al,” and Davos et al*®® reported that reduced HRV was associated with
widening of the ORS complex which had been identified as a risk factor for sustained
ventricular tachycardia and sudden death.®* Folino et al,?® and Butera et al*® reported that
patients with ventricular tachycardia had reduced HRV. The present study cannot find
the association between HRV and the QRS duration in pediatric and adolescent patients
with repaired TOF. No ventricular tachycardia has been found in the 24-hour Holter
monitoring since patients in the present study were younger age than those in previous
studies.

Cheung et al. reported impaired global left ventricular deformation due to right
ventricular dilation was an independent predictor of V'Ozpeak in patients with repaired
TOF.* The present study supported this finding that diastolic left ventricular dysfunction
was correlated with V°Ozpeak. Therefore, reduced heart rate variability and diastolic left

ventricular dysfunction may responsible for exercise intolerance.
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CONCLUSIONS

Heart rate variability has a significant correlation with peak oxygen uptake at
entry and at one year follow-up. Left ventricular early diastolic myocardial velocity was
correlated wih the Voozpeak. Impaired cardiovascular autonomic control and diastolic
left ventricular dysfunction may be responsible for exercise intolerance in patients with
repaired tetralogy of Fallot. Long term follow-up for exercise test, echocardiography, and

a 24 hour Holter monitoring is warranted.
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Table 1. Demographic and baseline characteristics of patients with repaired tetralogy of
Fallot (N=30).

TOF patients at entry
(mean + SD)

Age (year) 158+44
Age at operation (year) 6.3+3.0
Follow-up time from operation (year) 9530
Female (N, %) 11 (37%)
BSA (m?) 1.3+0.2
Heart rate at rest (beats/min) 7811

Systolic BP (mmHg) 106 £ 13
Diastolic BP (mmHg) 65+ 12

Previous Blalock-Taussig shunt (N, %) 6 (20%)

Transannular patch (N, %) 14 (47%)
QRS duration (msec) 138 £ 25
Pro-BNP 198 + 178
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Table 2. Echocardiography, exercise test, and heart rate variability at entry and at one-

year follow-up in patients with repaired tetralogy of Fallot.

Parameter At entry At one year P value
Echocardiography
LVEF (%) 57+9 60+ 8 NS
LVSm (m/sec) 0.06 £0.01 0.07£0.01 NS
LVEm (m/sec) 0.13+0.03 0.14 £0.03 NS
LVAmM (m/sec) 0.04 +0.01 0.04 +0.01 NS
RVFAC (%) 5117 53+5 NS
RVSm (m/sec) 0.08 £ 0.02 0.08 £0.02 NS
RVEmM (m/sec) 0.11+0.03 0.12 £ 0.04 NS
RVAmM (m/sec) 0.04 +0.01 0.08 +0.18 NS
Exercise test (peak)
Heart rate (bpm) 162+ 14 160 + 12 NS
V0, (mL/kg/min) 33+9 31+10 NS
Minute ventilation (L/min) 44 + 14 43+11 NS
VE/CO, 295 295 NS
Gas exchange ratio 1.14+£0.13 1.13+£0.16 NS
Time domain
SDNN (msec) 132 + 30 139 + 46 NS
SDANN (msec) 122 +£31 128 + 49 NS
Frequency domain
Low frequency (ms?) 20+7 21+8 NS
High frequency (ms?) 14 +6 16 +7 NS
LF/HF ratio 16+0.4 14+04 NS
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Figure 1. Linear regression analysis between heart rate variability and peak oxygen
uptake at entry (upper) and at one-year follow-up (lower) in patients with repaired

tetralogy of Fallot. V'Ozpeak: peak oxygen uptake

67



NANKIN 3

UNAMMNERITUNITLRNY LN

68



NAN1IIY

Tasany m‘sm’sﬁmﬁmﬁmazﬁaummﬁgwauﬁmﬁaﬁ"ﬂa LazlIeANTAIWANTaa NN
mulugihoidnnasniscndaliaiala Tetralogy of Fallot

aﬁum&ﬂm ﬁ%’]ﬁfmmﬂm:ﬂsmm‘sq@uﬁﬂm LLazéﬂﬁTmmnamuaﬁﬁJm&umﬁ%’ 3

Tetralogy of Fallot \ulsaialafinutesfigalulsaialafinsudindasiiadon lay
WUz N wTaas 4-9 wadlsamlafnisuaiifianivue lsanalasianianuialndues
Wwla 4 add Ao Tt lakesasd ewidaalngidandan nyaanvasialavasarsnandu
uwazilaiasasrnlea mainmazdasidarig ihondimsrdailadiulnagdnazla
Fa1mIfalnd Lda1nN1INTIUTTENTNINAITEANFRINMENLINTNNIITHRITUT IR bR
ﬂa@a@aqLﬂuwamﬂmwﬁmlﬂa“naoﬁ'ﬂ%ﬁmﬁaag’%é’amimﬁm

= 1 U > 1 % % A:l' =
wamsﬂﬂmwmﬂugmmaam‘smmhﬂm‘la Tetralogy of Fallot i li&a1my a373
=1 a a o ™ a d' v a

wwﬂi:awﬁmwmiaaﬂmaamya@a\ﬂ@ﬁummaU‘*}Jaamﬂ"naaﬂmﬁmgdq@ 33 + 9 Wa/nn/
wIN ﬁnﬂm‘sm’mﬂﬁmﬁmazﬁaummﬁgjm“uaaﬁ"ﬂﬁ]wmwﬁm‘iﬁwmmaaﬁ'ﬂaﬁamw%ﬂzl
ﬁaoﬂﬂiﬂmyﬁwaagﬂwa@m 23 Moluninua 30 My Aadudagas 77 laawuinainuis?
PAININL %R 1 LTI NI LA NN UFUN BTN LU T ENTNIWNNTAANANRINTY WanNINTh
NUIIMILEUaIR [ NLUTUTIURT AN UFUR BT NUUTANTATWNNTaaNFNaINUaA2Y BEIIN
ﬁfuvlﬁﬁﬂmuﬁﬂwﬂi:mm1 ?JI@]slmﬁsrwm"]wamsmaﬁmﬁmﬁmazﬁaummﬁgwaaﬁ'ﬂﬁ]
YAINNIVNIUV IR LR DIA TR HIATY  UTeENTAIWAITEaNAaINY NNILEUTad
w2 lanuls139% LazNaN1IAII93:01 Pro-BNP litdaandaadass lulainuuaneianwanai
RUFIANIIRD G wdadglsnarunisiawsasillanuystsiudinsianuaunniny
U3 ENTAIWAITaanfiaINIY INMTILATTRNLINTTaNTNadalTeENTAIwA1Taanias
muaaaslugtioliniala tetralogy of Fallot waInMIHNaa fa iwands szaud Pro-BNP lu
A a o @ A = o & o . o A
\Raang MILauTaIRa lanlsUTIuNanad wazanuiSaInaditani lalurieanisnansaan
Aad

AT TLABY IR FAN LU TUITIUAZ ATARILAIUD IR haR ada1s TR Al nA 12
\usnguasdzninwmssaniaimoianss ludihenainsiidalsamla tetralogy of
Fallot mﬂﬁ%’umm‘nmﬁm%ma:ﬁaummﬁqwaaﬁ"ﬂmﬂmw: NUINTANNHRAUNG
mﬂﬁmi%'ﬂmi@aJmﬂ%amsmﬁmaomwﬁ@ﬂﬂamadﬁ'ﬂﬁ)ﬁmﬁaag v AU an T

o @ akf g o A = [ o @ ¢ A Yo A
nsaaniiaina@din Tadayainardazidunangiudiagnianisunn \NalTa98
Usznaunmisiasandmuauwimalunsguainsgioliaiale tetralogy of Fallot 1u

Uszinalnasa 'l

69



	1.pdf
	2.pdf

