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is unclear. To verify this finding, more long-term follow-up
studies are needed.
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The purpose of this study was to investigate the changes in plasma concentrations of atrial
natriuretic peptide (ANP) and brain natrivretic peptide (BNP) in patients with atrial septal defect
(ASD) during transcatheter closure of defects. The plasma concentrations of ANP and BNP were
cbtained from 14 patients with ASD at before closure, and at Smin, 24 h, I mo and 3 mo after
transcatheter ASD closure using an Amplatzer septal occluder. Ten healthy children aged 6-18 y
were studied as controls. -All ASDs were successfully closed. Compared with control values
(mean + 8D, 17+ 6.8ng 17'), ANP concentrations befcre closure were significantly elevated
(24+98ng 17!, p<0.05). ANP concentrations increased significantly at 5Smin after closure
(34 18ng 17!, p < 0.05) compared with preclosure concentrations, At 24 h after closure, the
concentrations decreased to values not different from control values (19 + 11 ng 17}, p=ns). BNP
levels before closure (19+99ng 17*) were also elevated significantly compared with control
values (12+49ng 17!, p<0.05). BNP concentrations increased significantly at Smin after
closure (23 & 14 ng 1Y, p < 0.05) compared with preclosure concentrations. ANP values at 24 h
were lower than at Smin after closure, whereas BNP values were higher (324 11ng 17,
P <0.05). As with ANP, the concentrations gradually decreased to values not different from

control values at 3 mo after the procedure (12 & 6.3 ng i}, p =ns).

Conclusion: Plasma concentrations of ANP and BNP may become effective markers for
evaluating changes in cardiac load after transcatheter ASD closure.

Key words: Atrial septal defect, catheter intervention, natriuretic peptides
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Atrial natrivretic peptide (ANP) is a circulatory poly-
peptide hormone secreted mainly from the atrium,
stimulated by atrial stretch, i.e. volume overloading
(1). Brain natriuretic peptide (BNP) is secreted mainly
from the ventricle, unlike ANP. Thus BNP is thought to
be more sensitive and specific than ANP as an indicator
of ventricular function (2). Atrial septal defect (ASD) is
one of the most common congenital heart diseases in
older children. It is characterized by volume and
pressure overloading of the right side of the heart. In
adult patients with ASD, plasma ANP concentrations
are elevated regardless of pulmonary hypertension. In
contrast, plasma BNP concentrations are elevated in
proportion to the severity of pulmonary hypertension
complicating ASD (1). Many studies have reported that
natriuretic peptides are effective markers for evaluating
cardiac situations in children with congenital heart
disease (1, 3-6). A new technique using the Amplatzer
septal occluder device was developed for the transcath-
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eter closure of ASD (7). This device is simple in
construction, easy to deploy, and can be withdrawn and
repositioned many times. This method provides a
unique condition in which pulmonary blood flow is
acutely changed without the effects of cardiopulmonary
bypass (8). The effect of ASD closure on ANP and BNP
concentrations is unclear.

The purpose of this study was to investigate the
changes in plasma concentrations of natriuretic peptides
in patients with ASD before and after transcatheter
closure of the defects.

Methods

Study population

A total of 14 patients with ASD (3M, 11F), aged 6-17 y
(mean = 8D, 10.6 & 3.6 y), were studied. The mean
body weight was 36.4kg (range 19-52kg). The
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diagnosis of an uncomplicated ASD was based on
transthoracic echocardiography and was confirmed by
cardiac catheterization. No patients had pulmonary
hypertension or symptoms of heart failure before
closure. There were no chromosomal abnormalities or
changes in electrolytes. Ten healthy volunteers aged 6-
18 y were studied as controls. Blood samples were
collected from the peripheral veins in the supine
position for 5 min.

Full ethical approval for this study was given by the
Kurume University ethics committee. Informed consent
from each patient or his or her parents was obtained
prior to participation in the study.

Transcatheter atrial septal defect closure

A transcatheter ASD closure was performed using an
Amplatzer septal occluder. The Amplatzer and its
delivery system have been described in detail pre-
viously (7). The mean “stretched” diameter of ASD,
evaluated by balloon catheter, was 15.9 mm (range 5-
24 mm). The patients were intubated and placed under
general anesthesia. Supplemental oxygen was not being
administered during the periods of the procedure. The
pulmonary to systemic flow ratio, obtained by the
oximetric principles of Fick, was 2.14:1 (range 1.6:1 to
3.0:1). There were no complications, such as arrhyth-
mia, during these procedures. There was no residual
shunt in 12 patients, whereas in 2 patients there were
small residual shunts immediately after the procedure.
At follow-up, 24 h after ASD closure, no residual shunts
were detected echocardiographically.

Sampling and assays for cardiac peptides

Blood sampiles were obtained from the peripheral veins
in the supine position at the following measuring points:
before anesthesia, and 5 min, 24 h, I mo and 3 mo after
ASD closure. All samples were taken on awakening in
the morning, except after closure periods. The samples
were immediately transferred into chilled glass fubes
containing disodium EDTA (I mg ml™") and aprotinin
(500 U ml™"), then immediately centrifuged at 4°C, and
the plasma was frozen and stored at —80°C until
assayed. The plasma concentrations of ANF and BNP
were measured without extraction, using specific
immunoradiometric assay kits (Shionoria ANP and
BNP assay kit; Shionogi Co., Osaka, Japan) as
previously described (9). All assays were performed
within 1 wk. The concentrations are expressed asng 1™/,
which can convert into 320 fmol I~

Statistical analysis

All data are expressed as means & SD. An analysis of
variance for repeated measurement with the Student’s ¢-
test was used to compare the changes in natriuretic
peptide concentrations after ASD closure. The unpaired
-test was used for comparisons between patients and
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Fig. 1. Serial evaluation of atrial natriuretic peptide (ANP) in patients
with transcatheter atrial septal defect (ASD) closure. Vertical bars
represent standard error.

controls. Values were considered to be significantly
different at p < 0.05.

Results

The serial evaluation of ANP and BNP in children with
ASD closure is presented in Figs ! and 2. Compared
with control values (17 & 6.8 ng 17'), plasma concen-
trations of ANP before ASD closure were significantly
elevated (24 + 9.8 ng ™!, p < 0.05). The ANP concen-
trations increased significantly at 5 min after closure
(34 £ 18 ng 17!, p < 0.05) compared with preclosure
concentrations. At 24 h postclosure, the ANP concen-
trations decreased to values not significantly different
from control values (194 1lng 177, p=ns). The
plasma concentrations of BNP before ASD closure
were also elevated significantly compared with control
values (19+9.9 vs 12+49ng 17, p < 0.05). BNP
concentrations also increased significantly from before
to just after closure (234 l4ng 17!, p<0.05) and
continued to elevate at 24 h after closure (32 4+ 11ng
17, p < 0.05). As with ANP, the concentrations of BNP
then gradually decreased to values not significantly
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Fig. 2. Serial evaluation of brain natrivretic peptide (BNP) in patients
with transcatheter atrial septal defect (ASD) closure. Vertical bars
tepresent standard error.

— 298 —



ACTA PEDIATR 91 (2002)

different from control values at 3 mo after the procedure
(124 6.3ng 17}, p=ns).

Discussion

This study showed the changes in plasma natriuretic
peptide concentrations before and after the ASD closure
without any effects of cardiopulmonary bypass. These
findings are important for understanding hemodynamics
after ASD closure.

ANP is a 28 amino acid peptide mainly synthesized
and secreted by the atria. It has a wide range of potent
biological effects including natriuresis, vasodilatation

-and inhibition of the renin-angiotensin—aldosterone
system (10). Previous studies have shown that increased
plasma ANP concentrations in children with congenital
heart disease were more prominent in those with
increased pulmonary blood flow (5,11). In clinical
studies, increases in atrial pressure induced by leg
raising, exercise or infusion of X-ray contrast medium
brought about a rise in plasma concentrations of ANP
(12). BNP is a 32 amino acid peptide predominantly
secreted from the ventricles. Like ANP, it has various
effects, including natriuresis, diuresis, a reduction of
aldosterone, resulting in a reduction of preload, and
afterload and increased stroke volume.

There are many reports of the effectiveness of
evaluating cardiac situations in children with congenital
heart disease (1, 3-6). However, to the authors’ knowl-
edge, little information is available regarding the
changes in natriuretic peptide concentration in surgical
or catheter interventions for congenital heart disease
(4), especially for transcatheter ASD closure. The
changes in natriuretic peptide concentration during
transcatheter ASD closure may be more physiological
and rapid than those during the surgical procedure,
because the changes in hemodynamics, including
pulmonary blood flow, can be investigated without
any effects of cardiopulmonary bypass.

In the present study, the plasma ANP concentrations
after the procedure significantly but transiently in-
creased, It may be postulated that this phenomenon
was caused by the reflection of atrial wall stretch due to
the catheter, manipulation by the Amplatzer device or
the X-ray contrast medium. This hypothesis is sup-
ported by previous studies. The atrial wall stress and
stretch, rather than atrial pressure, are the predominant
stimulation for ANP release (13). Waldman et al.
reported that the transient elevation of ANP after
percutaneous balloon mitral valvuloplasty lagged be-
hind, returning to baseline in an exponential fashion
with a half-time of 4.5 min (12). In the present study, the
ANP concentrations at 1 mo after closure were similar
to control values. Shaheen et al. demonstrated that the
right atrial dimension regressed after ASD closure (14).
So, the mechanism of ANP decreases may reflect a
reduction of volume overload of right atrium. The
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transient elevation of BNP concentrations after ASD
closure was an unexpected and interesting finding.

The changes in left and right ventricular volume were
also assessed using two-dimensional echocardiography.
The right ventricular volumes at 24 h after closure
regressed significantly compared with preclosure
(79.2 £ 25.0 vs 54.9 £ 224 ml m™?, p < 0.05). The left
ventricular volumes at 24 h after closure increased
significantly (33.7+11.6 vs 41.84+127ml m™2
P < 0.05) owing to the closure of the left-to-right shunt.
Yoshimura et al. described that left ventricle end-
diastolic pressure significantly increased from before
(10 £ 1.0mmHg) to just after transcatheter ASD
closure (17 £ 6.0 mmHg, p < 0.05) (15). Thus, the
mechanism for the transient elevation of plasma BNP
concentrations after closure may reflect both an increase
in left ventricular volumes and an elevation of left
ventricular end-diastolic pressure, despite a regression
of the right ventricular volume overload.

The prolonged elevation of BNP concentrations after
ASD closure (high at S min, even higher at 24 h and
normal at 3 mo) was of particular interest. Differences
between the structure of the atria and right ventricle, and
that of the left ventricle may cause mechanistic
differences. The remodeling of the left ventricle due
to volume overload after the closure of the left-to-right
shunt may take more time than that of the atria and right
ventricle, because the left ventricle is composed almost
entirely of muscle and has lower compliance.

In conclusion, the changes in plasma natriuretic
peptide concentrations may reflect changes in cardiac
load during transcatheter ASD closure. Plasma concen-
trations of ANP and BNP may become effective
markers for evaluating cardiac load after catheter
interventional therapy. This method is less invasive
than the direct measurement using a catheter. The
present study gives basic information for further
quantitative assessment of the kinetics of plasma
natriuretic peptides in children with congenital heart
disease.
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Assessment of the Ability of Myocardial Contrast Echocardiography
with Harmonic Power Doppler Imaging to Identify Perfusion Abnormalities in
Patients with Kawasaki Disease at Rest and During Dipyridamole Stress
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Abstract. The aim of our study was to assess the
ability of myocardial contrast echocardiography
(MCE) with harmonic power Doppler imaging
(HPDI) to identify perfusion abnormalities in pa-
tients with Kawasaki disease at rest and during
pharmacological stress imaging with di;)yridamole.
" Results were compared with those of “*™Tc-tetro-
fosmin single-photon emission computed tomogra-
phy (SPECT) imaging as the clinical reference
standard. MCE with HPDI was performed on 20
patients with a history of Kawasaki disease. Images
were obtained at baseline and during dipyridamole
infusion (0.56 mg kg™') in the apical two- and four-
chamber views. Myocardial opacification suitable for
the analysis was obtained in all patients. Nine pa-
tients with stenotic lesions had a reversible defect
after dipyridamole infusion detected by both MCE
with HPDI and SPECT, and 3 patients with a history
of myocardial infarction had a partially or completely
irreversible defect detected by both methods. Three
patients with coronary aneurysm without stenotic
lesion, 4 patients with regressed coronary aneurysm,
and 2 patients with normal coronary artery in acute
phase also had normal perfusion at rest and after
pharmacological stress by both methods. A 96%
concordance (x = 0.87) was obtained when compar-
ing the respective segmental perfusion scores using
the two methods at baseline, and an 86% concor-
dance (x = 0.81) was obtained at postdipyridamole
infusion. After combining baseline and postdipyri-
damole images, each segment was labeled as having

Correspondence to: M. Ishii; email: masaishi@med.kurume-u.uc jp

normal perfusion, irreversible defects, or reversible
defects, Using these classifications, concordance for
the two methods was 92% (x =0.87). MCE with
HPDI is a safe and feasible method by which to de-
tect asymptomatic ischemia due to severe stenotic
lesion, and it may be an important addition to the
modalities used to identify patients at risk for myo-
cardial infarction as a complication of Kawasaki
disease.

Key words: Kawasaki disease — Myocardial con-
trast echocardiography — Harmonic power Doppler
imaging — Ischemic heart disease

Although objective evaluation of myocardial isch-
emia and its severity is critical for patients with cor-
onary artery disease caused by Kawasaki disease
(KD), and especially for those with stenotic lesions,
the conventional methods in current use for this
evaluation have limitations [5]. Although coronary
angiography allows for the accurate assessment of
coronary involvement, consecutive and quantitative
observation of ischemic diseases is often difficult {5].
Recently, the development of microbubbles, har-
monic power Doppler imaging (HPDI), and an un-
derstanding of the interaction between microbubbles
and ultrasound have made it possible to study myo-
cardial perfusion with myocardial contrast echocar-
diography (MCE) using venous contrast agents [3, 6].
This constitutes a new method for noninvasively as-
sessing myocardial perfusion. However, it is well-
known that the resulting perfusion may be normal
even in the presence of a severe coronary stenosis, a
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fact that serves as the basis for pharmacological stress
imaging. Therefore, this study was undertaken to
assess the ability of MCE with HPDI to identify
perfusion abnormalities in patients with KD at rest
and during pharmacological stress imaging with
dipyridamole. Results were compared with those of
$9mTe-tetrofosmin single-photon emission computed
tomography (SPECT) imaging, which has emerged as
the clinical reference standard for perfusion imaging

[2]-

Methods

Patients and Study Protocol

Twenty patients, 18 males and 2 females aged 3 to 22 years, were
studied. All patients had a history of K.D. Fourteen patients had
coronary artery lesions, 9 patients had stenotic lesions, and 3 pa-
tients had a history of myocardial infarction. Four patients had
regressed coronary aneurysm and 2 patients had normal coronary
artery in the acute phase, but they complained of chest pain during
the follow-up period. The clinical charactereristics of the patients
are summarized in Table 1. Full ethical approval of the protocol of
this study was given by the Kurume University ethics committee.
We obtained informed consent from each patient or his or her
parents prior to participation in the study. In all patients, MCE
with HPDI was performed on the same day as the coronary an-
giography. The SPECT was performed 2 days afier the MCE.
There were no clinical events between the two studies in any of the
patients. Data were acquired at baseline and after intravenous in-
fusion of 0.56 mg kg™! of dipyridamole over 4 minutes [2].

Myocardial Contrast Echacardiogf'aphy

The contrast agent used in this study was Levovist (Schering AG,
Berlin), a suspension of monosaccharide (galactose) microparticles
in sterile water. On the basis of a previous study, we used a con-
centration of 300 mg/m] {1]. Regarding infusion rate, we started
with 1 ml/min and a volume of 3 mi. Contrast administration was
performed both at baseline and during drug-induced hyperemia.
Image acquisition in the apical two- and four-chamber views was
begun just before injection of contrast and continued until contrast
effect in the myocardium had dissipated. MCE with HPDI was
performed with a broad-band harmonic transducer {Sones 5500,
Agilent Technologies, Inc., CA, USA), transmitting and receiving
at mean frequencies of 1.8 and 3.6 MHz, respectively. The dynamic
range of this system is 40 dB. The meckanical index was set as high
as possible to increase microbubble destruction [3]. A trigger flash
MCE with HPDI mode was used in which ultrasound was trans-
mitted by an imaging trigger gated to the T wave of the electro-
cardiogram every fourth cardiac cycle. End systolic triggering was
used because the myocardial wall segments are thicker and the left
ventricular cavity size is smaller, resulting in less contrast attenu-
ation.

Single-Photon Emission Computed Tomography

99 Te-tetrofosmin SPECT was performed with a rotating gamma
camera (E-CAM, Sienens, Berlin, Germany) equipped with an all-

purpose parallel -hole collimator. Redistribution images were ob-
tained 3 or 4 hours after pharmacologic stress, according to the
method used in our previous study [2].

Image Interpretation

MCE with HPDI was evaluated in blinded fashion by two ob-
servers (M.1. and W.H.). Each apical view was divided into five
segments (Fig. 1), and myocardial perfusion was graded as absent,
patchy, or full. During dypiridamole-induced hyperemia, the per-
sistence of absent myocardial opacification was interpreted as an
irreversible defect, whereas any decrease in perfusion grade was
interpreted as a reversible defect. In addition, a partially irrevers-
ible defect was defined as a combination of a reversible defect and a
fixed defect. MCE with HPD] observers were blinded to the clinical
history and SPECT data on the subjects. MCE with HPDI was
interpreted independently for interobserver and intraobserver
variability in all 10 subjects. Horizontal and vertical long-axis views
by SPECT imaging were interpreted to evaluate the myocardial
segments that corresponded most closely to the echocardiographic
segments.

Statistical Analysis

Concordance between MCE with HPDI and **™Te-tetrofosmin
was determired by k statistics [9] with x values > 0.2 = fair, > 0.4
= moderate, > 0.6 = good, and 0.8 = excellent. Two independent
observers (M.I. and W.H.), with each observer individually se-
lecting the frames to identify normal versus abnormal perfusion
and to identify reversible versus irreversible defects and having ne
knowledge of the results obtained by the other observer, analyzed
10 randomly sclected patients at different times. When the MCE
with HPDI images were analyzed in 10 randomly stlected patients
by the same observer {M.1.) on separate occasions, the observer
identified normal versus abnormal perfusion and reversible versus
irreversible defects. The time period between intraobserver inter-
pretations ranged from 1 to 3 months.

Results

Myocardial opacification suitable for analysis was
obtained in all patients by MCE with HPDI under
the conditions of rest and pharmacological stress. In
alf 20 patients, no adverse effects were noted with
Levovist either at baseline or after dipyridamole in-
fusion.

MCE versus SPECT

Analysis was performed in all of the 400 possible
segments (10 per patient at baseline and the same
number after dipyridamole infusion). Nine patients
(patients 1-9) with stenotic lesions had a reversible
defect after dipyridamole infusion detected by both
MCE with HPDI and SPECT. One patient (patient 9)
had an irreversible defect of the inferior wall detected
subsequent to myocardial infarction 2 years previous
to this study and had reversible defects of the apical
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4-C-v

=LAD D =LCx

Fig. 1. Schema of segments analyzed for myocardial perfusion and
the coronary artery territories to which they were assigned. 4-C-V
and 2-C-V are four- and two-chamber views, respectively, LAD,
left anterior descending territory; LCx, left circumflex territory;
RCA, right coronary arterial territory.

and anteroseptal walls due to 90% stenosis of the left .

anterior descending coronary artery by both phar-
macological stress MCE with HPDI and SPECT. The
2 patients (patients 10 and 11) with a history of
myocardial infarction had a partially irreversible de-
fect which was defined to be the combination of a
reversible defect and a fixed defect. Three patients
(patients 12~-14) with coronary aneurysm without
stenotic lesions had normal perfusion at rest and after
dipyridamole detected by both MCE with HPDI and
SPECT. In addition, 4 patients (patients 15-18) with
regressed coronary aneurysm and 2 patients (patients
19 and 20) with normal coronary artery in the acute
phase also had normal perfusion at rest and after
pharmacological stress by both MCE with HPDI and
SPECT. A 96% concordance (x = 0.87) was obtained
when the segmental perfusion scores of the two
methods at baseline were compared. In the post-
dipyridamole images, an 86% concordance (x = 0.81)
was obtained. After combining baseline and post-
dipyridamole images, all segments were labeled as
having normal perfusion, irreversible defects, or re-
versible defects. Using these classifications, the con-
cordance for the two methods was 92% (x = 0.87).
Figure 2 shows an example of a reversible defect. A 5-
year-old boy’s (patient 1) MCE with HPDI and
SPECT showed normal perfusion at baseline. After
dipyridamole infusion, both MCE with HPDI and
SPECT showed an anteroseptal and an apical per-
fusion defect. The apical perfusion defect was per-
‘sistent, though the focus moved from base to apex.

Pediatric Cardiology Vol. 23, Ne. 2, 2002

Coronary angiography showed total occlusion of the
left descending coronary artery, with the coronary
arterial flow supplied by the diagonal artery. Both
MCE with HPDI and SPECT demonstrated that his
myocardium was viable. He underwent aortocoro-
nary bypass surgery after this study. Figure 3 illus-
trates examples of partially irreversible defects, which
are the combination of a reversible defect and an ir-
reversible defect, in images from a patient who had
myocardial infarction due to total occlusion of the
right coronary artery 14 years prior to this study
(patient 10). He had a basal posterior defect in the
two-chamber view that was identical on MCE with
HPDI and SPECT. His myocardial perfusion defect
partially increased after dipyridamole infusion. Cor-
onary angiography showed total occlusion of the
right coronary artery without development of col-
lateral vessels. Figure 4 demonstrates normal perfu-
sion at rest and after dipyridamole infugion in patient
20, who had normal coronary arteries after K1

Observer Variability

The intraobserver agreement was 96% (x = 0.93) in
identifying normal versus abnormal perfusion and
00% (k = 0.88) in identifying reversible versus irre-
versible defects. The interobserver variability was
95% and 92% for the two observers.

Discussion

This study demonstrates that MCE with HPDI, with
the use of an intravenous contrast agent, can detect
myocardial perfusion in patients with KD at rest and
during pharmacological stress. The locations of these

. perfusion abnormalities and their physiological rele-

vance provided by this method are similar to those
provided by SPECT.

Advantage of MCE with HPDI for KD Patients

Patients with KID who develop myocardial infarction
are usually asymptomatic before the event; thus, it is
crucial that patients at risk be identified and followed
closely (noninvasively if possible) so that appropriate
catheter and surgical interventions can be undertaken
before infarction or sudden death [5]. However, the
conventional methods in current use for this evalua-
tion have limitations for detecting coronary stenosis.
Although two-dimensional echocardiography can
assist in detecting coronary aneurysms, its use in the
evaluation of stenotic lesions is not satisfactory.

‘Coronary angiography allows accurate assessment of

coronary artery involvement, but repeated evaluation
is often difficult because this procedure is invasive.
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Myocardial SPECT with dipyridamole infusion is a
safe and accurate diagnostic method for identifying
coronary stenosis in children with KD [2], However,
use of this technique is limited because it requires the
injection of radioisotopes. It is also time-consuming
and expensive. MCE uses microbubbles as contrast
agents, and these microbubbles scatter ultrasound
during their transit through the coronary microcir-
culation [7, 8]. The assessment of myocardial perfu-

157

Fig. 2. (A) MCE with HPDI image
depicting a reversible enteroseptal
and apical defect (white arrows) in
a four-chamber view with a
decrease in perfusion in a
dipyridamole stress image (right)
when compared with the baseline
image (feft). (B) *™Tc-tetrofosmin
SPECT images demonstrate
reversible defects (*) in the
anteroseptal and apical walls.

(C)} The coronary angiogram
showed the total occlusion of the left
descending coronary artery (white
arrow), and left anterior descending
arterial flow was supplied by the 1st
diagonal artery. The right coronary
artery (RCA) was totally occluded
on segment 1 but posterior
descending arterial flow was
supplied by the left circumflex
artery (LCX) (black arrow).

sion in patients with KD through the use of this MCE
technique has been limited by the need to inject mi-
crobubbles directly into the coronary arteries [7, 8].
The recent development of microbubbles, HPDI, and
an understanding of the interaction between micro-
bubbles and ultrasound has made it possible to study
myocardial perfusion with MCE using venous con-
trast agents [3, 6]. This constitutes a new method for
noninvasively assessing myocardial perfusion. The
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advantages of MCE with HPDI compared to other
methods are that it is noninvasive, provides immedi-
ate information, can be performed on infants and
young children (even at the acute phase), and in-
volves no radiation exposure [2, 3, 6]. In addition,
MCE with HPDI can be performed on patients with
KD at the bedside or in the outpatient clinic. This
MCE with HPDI technigue may also be useful for
serially following KD patients in order to identify
worsening coronary artery lesion, especially devel-
oping severe coronary artery stenosis.

Pediatric Cardiology Vol. 23, No, 2, 2002

Fig. 3. MCE with HPDI image
depicting a partially irreversible
inferior defect (white arrows) in &
two-chamber view with lack of
perfusion in both baseline image
(left) and dipyridamole stress
image (right). (B) **™Tc-tetro-
fosmin SPECT images in the same
patient showing the partially
irreversible inferior defect (*).

(C) The coronary angiogram
showed total occlusion of the right
coronary artery (RCA) with a
vascular area and a left giant
aneurysm without a stenotic
lesion.

Mechanism of Perfusion Detection by HPDI

HPDI, like conventional Doppler velocity imaging,
transmits a packet of ultrasound pulses along each
scan line and uses an autocorrelator to compare dif-
ferences in the received signals [4]. HPDI displays the
amplitude of the received signals, which reflects the
number of scatterers. Two mechanisms have been
proposed for the detection of myocardial perfusion
by MCE with HPDI. One, termed *stimulated
acoustic emission,” postulates that microbubble de-
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¥ig. 4. MCE with HPDI image of patient with normal coronary artery after Kawasaki disease demonstrated normal perfusion at rest (fef1}

and after dipyridamole stress (right)

struction produces an acoustic energy that results in
HPDI sigpals. Second, and more likely, is that mi-
crobubble destruction results in a decrease in back-
scattered intensity and a change in phase between
pulses; the autocorrelator interprets this as motion
and therefore displays a signal. In either case, mi-
crobubble destruction is necessary for HPDI to detect
myocardial perfusion.

Study Limitation

Digital acquisition of HPDI should lend itself to
quantitative analysis, which may be more accurate in
distinguishing normal perfusion from mild defects.
Moreover, quantitative analysis offers the potential to
actually measure flow reserve ratio noninvasively.
Unfortunately, quantification of the digital HPDI
signal is not available on the instrument used in this
study. We did not use off-line quantification of vid-
eotape because that technique is not readily applied to
clinical practice due to time constraints, and it has the
potential for loss of data quality and errors in ex-
trapolating signal intensity from the color bar to the
myocardial regions. Furthermore, the classification of
defects is not an all-or-none phenomenon. Defects
may be predominantly fixed with some reversibility at

the edge in two of three patients with a history of .

myocardial infarction. We defined this phenomenon
as a partially irreversible defect. The evolution of
quantitative techniques may allow more precise clas-
sification of irreversible and reversible defects.

Conclusions

The results of this study show that it is possible to
detect coronary artery stenotic lesion due to KD by
MCE with HPDI through the use of venous injec-
tions of microbubbles. We conclude that MCE with

HPDI is safe and feasible, and it may be an important
addition to the modalities used to identify children at
risk for myocardial ischemia caused by KD.
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Incidence and Clinical Features of Asymptomatic Atrial
Septal Defect in School Children Diagnosed
by Heart Disease Screening

Hiromi Muta, MD; Teiji Akagi, MD; Kimiyasu Egami, MD; Jun Furui, MD;
Yoko Sugahara, MD; Masahiro Ishii, MD; Toyojiro Matsuishi, MD

The purpose of this study was to investigate the incidence and clinical features of atrial septal defect (ASD) in
schoo] children in Japan who were diagnosed by heart disease screening. From 1989 to 1998, a questionnaire,
electrocardiography (ECG) and phonocardiogram were obtained from school children when they entered their
first year of elementary school (n=86,142) or junior high school (n=80,632). In this program, 33 asymptomatic
ASD patients were newly diagnosed (0.020%). The ECG findings showed incomplete right bundle-branch block
(79%), right axis deviation (55%), and right ventricular hypertrophy (9%). An ejection systolic murmur was
audible in 30 patients (94%) and mid-diastolic murmur in 10 patients (30%). Thirty patients (90%) showed fixed
split of second heart sound. Using echocardiography or catheter observation, 31 patients (94%) were judged to
require closure of the ASD. Although the medical care is widely available in Japan, undetected ASD patients
were not rare and importantly, most of them- required closure of the defect even if they were asymptomatic.

(Circ 72003; 67: 112-115)

Key Words: Atrial septal defect; School children; Screening program

congenital heart diseases among older children
and most childhood cases are diagnosed because
of heart murmur or cardiomegaly detected on chest X-ray.
However, even in the cumrent era, ASD may not be diag-
nosed until adulthood when there are complications of
congestive heart failure or atrial arrthythmia. In Japan,
nationwide heart disease screening for school children has
been carried out since 1973 and children in their first year
of elementary school (7 years old) or junior high school (13
years old) are required by law to be screened. The most
common and significant organic heart disease diagnosed in
this program is ASD.
Using data from this mass-screening program, we set out
to clarify the incidence and clinical features of the patients
newly diagnosed by the screening program as having ASD.

a- trial septal defect (ASD) is one of the most common

Methods

From 1989 to 1998, almost all school children in the
southern area of Fukuoka prefecture and the northern and
eastern areas of Saga prefecture were screened (Figl)
when they entered either elementary school (age 67 years,
n=86,142) or junmior high school (age 12-13 years, n=
80,632). The program applied only to the Kurume area.

In the preliminary screening, students were given a ques-
tionnaire to be completed at home by their parents, and
they underwent electrocardiography (ECG) with 4 simpli-

(Received July 8, 2002; revised manuscript received Qctober 7, 2002;
accepted November 6, 2002)

Department of Pediatrics, Kurume University School of Medicine,
Kurume, Japan

Mailing address: Hiromi Muta, MD, Department of Pediatrics, Kuru-

me University, 67 Asahi-machi, Kurume 830-0011, Japan. E-mail:
QZE05346 @nifty.com

fied leads (I, aVF, V1, Vs), and phonocardiography (PCG) at
the second left intercostal space and apex. The guestion-
naire sought details of the student’s past history of heart
diseases, including Kawasaki disease, cardiac symptoms,
and family history (Table1). The ECGs were analyzed by
computer and reviewed by pediatric cardiclogists. To stan-
dardize the judgment of the ECG, there was a guideline for
secondary screening! The PCGs were also reviewed by
pediatric cardiologists. Nearly 10% of students had at least
one suspicious finding of heart disease that required sec-
ondary screening, which comprised physical examination,
12-lead ECG, chest X-ray and color-flow Doppler echocar-
diography (if needed), all performed by pediatric cardio-
logists. The children who were suspected to have heart
disease or who needed other precise examinations were
recommended for tertiary examination. We followed these
patients until December 2001 or the time of closure of ASD
(mean follow-up period, 4.8 years).

Statistical Analysis

The chi-square test was used to determine diagnostic
incidence. A value of p<0.05 was considered statistically
significant. '

Preliminary Screening  Secondary Screening Tertiary Sereening

1) Phiysical Examination
2 - 2) Chest X-ray
1) Physical Examination 4
1) Questionnaire - |23 Chiest Xeray 3) Eltcﬁom(t:l;m)
2) Phonocardiogram 3) Electrocardiogram
3) Electrocardiogram [~ (12 leads) =3 4) Color-flow Doppler
(41eads) | |4y Color-flow Doppler Echocardiography
hocacd: pph 5) Other Examigation
Echocardiography (Cardiac catheterization,
Holter ECG etc)

Figl. Program of heart disease screening for school children.
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Table 1 Questionnaire in Prellminary Screening

113

1. Have you ever been diagnosed with any heart disease?
How old were you when it was first diagnosed?
What diseases have you been diagnosed with?

What management have you received?

2. Have you ever diagnosed diseases such as chorea, rheumatic fever, Kawasaki disease, hypertension, sepsis, thyroid disease,

or arthritis?

3. Have you had any of the following symptoms: fatigue, paipitation, shortness of breath, chest oppression, syncope or faintness?
4. Do you have any consanguineous who had sudden death younger than 40 years old?

Table 2 Patient’s Data

Age Diameter Surgical
Case no. Sex (Years) IRBEB RAD RVH RAE ESM F§ MDM (mm} indication
1 Male 7 Rsr Yes Neo No Yes Yes Yes 9 Yes
2 Male ] rsR Yes No No Yes Yes Yes 25 Yes
3 Female 13 rsR Yes No No Yes Yes No 10 Yes
4 Male 7 rsR Yes No Ne Yes Yes No ] Yes
b Female "] - No No No Yes Yes No 5 Yes
6 Female 7 Rsr No No No Yes Yes No 20 Yes
7 Female 6 - Yes No No Tes Yes No 12 Yes
-1 Female i) R No Yes No Yes Yes No [ Yes
9 Female 13 - No No Yes Yes Yes Yes 20 Yes
10 Female 7 rsR Yes No Ne Yes Yes No 6 Yes
i1 Female 13 Rsr Yes No No No Yes No 11 Yes
12 Male 12 rsR Yes Ne No Yes Yes Yes 12 Yes
13 Male 7 rsR No No No Yes Yes No 15 Yes
4 Male 13 Rsr No No No Yes Yes Yes 15 Yes
15 Female 12 rsR No No No Yes Yes Yes 14 Yes
15 Male i2 rsR Yes No No Yes Yes Yes 23 Yes
17 Male 12 Esr No No No No Yes No 13 Yes
18 Male 7 rsR Yes Yes Yes Yes Yes No 8 Yes
19 Male 6 rsR Yes No No Yes Yes Yes 12 Yes
20 Male 7 rsR Yes No No Yes No No 12 Yes
2! Male 7 rsR No No No Yes Yes No 10 Yes
22 Male 7 rsR Yes No No Yes Yes Yes 20 Yes
23 Male 1] - Yes No No Yes Yes No 10 Yes
24 Male 13 Rsr No No No Yes Yes Yes 5 No
25 Female 13 rsR Yes No Yes Yes Yes No 17 Yes
26 Male 6 rsR Yes No No Yes Yes No 3 Yes
27 Female 6 rsR No Yes No Yes No No 11 Yes
28 Male B & { Rsr Yes No No No Yes No 8 Yes
29 Male 13 SR No No No Yes No No 15 Yes
30 Male 13 - Yes No Neo Yes Yes No 4 No
31 Female 7 rsR No No No Yes Yes No 21 Yes
32 Male 7 - No No No Yes Yes No 9 Yes
33 Female 13 - No No No Yes Yes No 3 No

IRBBB, incomplete right bundle-branch block; RAD, right axis deviation; RVH, right ventricular hypertrophy; RAE, right airial enlargement: ESM, efection
systolic murmur; FS, fixed split of second heart sound; MDM, mid-diastolic murmur.

Results
A summary of the results is shown in Table2.

Patient Profiles

The compliance rate of screened children was 98.7%
(166,774/168,971) and in this study period, 33 patients with
ASD (20 males, 13 fernales, 0,.020% of screened children)
were newly diagnosed. The incidence of those entering
elementary school (0.023%) was significantly higher than
those entering junior high schoo! (0.016%, p<0.05). Among
these patients, one case of ASD was complicated by partial
anomalous pulmonary venous conrnection, another with
left-sided superior vena cava, and one with Wolff-Parkin-
son-White syndrome. All patients had ostium secundumn
ASD and all were completely asymptomatic without a
family history of congenital heart disease.

Circuilation Journal Vol.67, February 2003

ECG findings

At the time of diagnosis, incomplete right bundle-branch
block (IRBBB) was observed in 26 patients (79%), right
axis deviation in 18 patients (55%), right ventricular hyper-
trophy in 3 patients (9%), and right atrial enlargement in 2
patients (6%). All patients showed normal sinus rhythm
and 4 (12%) had no significant ECG abnormalities. There
were no significant differences in the ECG findings of the
elementary school children and those of the junior high
school children.

Auscultation Findings

An ejection systolic murmur at the second left intercostal
space was audible in 30 patients (91%), and a mid-diastolic
murmur at the Jower left sternal border was audible in 10
(30%) at the second screening. Of those 30 patients, 25
(83.3%) had already bad the murmur detected in the first
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Table 3 The Geals of The Heart Disease Screening Program for Schoo! Children in Japan

L To find out the children with heart disease.

2. To receive the precise diagnosis and judge the severity of disease.
3. To manage children with heart disease in school life including after operation and prevent sudden death,

4. To follow up these patients after school age.

screening, and 6 patients (18%) had noted the presence of a
heart murmur before the screening. In 4 of them, the mur-
mur had been diagnosed as innocent by their family doctor
and 2 of them had refused further precise examinations.
The 30 patients (31%) had a typical wide and fixed split of
the second heart sound, and in the second screening, the
intensity of the heart murmur as classified by Levine ranged
from I through II. A significant heart murmur could not
found in 3 patients (6%) and in 2 of them, the ASD was
greater than 10mm. Case 11 had IRBBB and right axis
deviation detected in the first screening and her ratio of
pulmonary to systemic blood flow (Qp/Qs) was 1.7. Case
17 had IRBBB and fixed split detected in the first screening
and 1 year after screening, an ejection systolic murmur was
audible with an intensity of I/VI; his Qp/Qs was 2.5.

Echocardiographic Findings

The size of the ASD was measured by transthoracic
echocardiography from the subxyphoid long- and short-
axis views. The diameter of the defects ranged from 3 to
30'mm, with a mean of 11.8+5.9mm.

Treatment

On the basis of echocardiography or catheter observa-
tion, a large left-to-right shunt (Qp/Qs >1.5) or enlargement
of the right atrium and ventricle was taken as an indication
that the ASD should be closed and 31 patients (94%) were
Jjudged positive. At screening, 5 cases of ASD had a diame-
ter less than S5mm and of them the defects had grown in 2
cases. Case 3, a 6-year-old gir at initial screening, had a left-
sided superior vena cava and 6 years later, echocardiogra-
phy showed enlargement of the right atrfum and ventricle,
and cardiac catheterization showed a Qp/Qs of 1.7. Case
26, which was the same as case 5, had cardiac catheteriza-
tion 7 years after screening, which revealed a Qp/Qs of
1.96; the diameter of the ASD at operation was 10x15 mm.
Surgical or transcatheter closure of the ASD was performed
in 18 patients (58%) and all have had a good clinical course
since then.

Discussion

In Japan, heart disease screening for school children has
been performed nationally since 1973; its goals are out-
lined in Table3. Previous studies have reported that the
diagnostic incidence of ASD found by heart disease screen-
ing in school children ranges from 0.010 to 0.021%%3
Spontaneous closure of an isolated ASD has been reported
in 17-84% of infants and documented at ages 2—-8 years#+6
However, if the defect persists until school age, it will not
close. There is no obvious advantage in delaying repair
beyond the teenage years and, in fact, such delay may
increase the risk of diseases, such as supraventricular
tachycardia, and ventricular dysfunction”® Almost all
patients in this study who were detected by screening were
judged to need closure of ASD and from this viewpoint, the
discovery of ASD at school age by means of this program

is valuable.

What is the best method of finding the patients with
ASD? A questionnaire is easy and inexpensive, but its sen-
sitivity of detection in this age group would be low because
most cases of ASD are asymptomatic. ECG gives benefi-
cial information for the diagnosis of ASD, especially
IRBBB and right axis deviation, but a previous study
reported that only 0.26% of patients with IRBBB also had
ASD? In the present study, only 48% of patients had both
IRBBB and right axis deviation and this s further compli-
cated by the fact that 12% of those with ASD did not have
any ECG findings. Therefore, screening using only ECG
cannot detect all ASD patients, PCG is useful for diagnos-
ing systolic murmur and fixed split in ASD patients, but
‘noise’ at the screening site is often problematic, especially
when screening younger children. The use of echocardio-
graphy for the secondary screening will assist in the diag-
nosing of heart disease. Steinberger et al reported that clin-
fcally significant cardiac disease in childhood that can be
detected only by echocardiography is not rare;!9 however,
echocardiography requires greater manpower and funding.

During the follow-up period, the diameter of ASD had
increased in 2 cases. At initial screening, these cases of
ASD were too small and not indicated for closure, but 6-7
years later, they each had a large left-to-right shunt and
were indicated for closure. Long-term follow-up is required
for these tiny defects.

Conclusions

Although medical care is widely available in Japan, it is
not uncommon for patients with ASD to remain undetected
until school age. Significantly, most of these patients have
to have their defects closed even if they were asymptomatic,

Study Limitations

First, our data relied heavily on the responses to the
questionnaire regarding symptoms and younger children
may not be able to articulate their symptoms clearly, There-
fore, we may have underestimated the presence of symp-
toms. Second, echocardiography is moré widely available
for infant screening today, so the incidence of ASD patients
newly diagnosed at school age will decrease.
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