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Congenital Heart Disease

ntracoronary Ultrasound Assessment
ate After the Arterial Switch
peration for Transposition of the Great Arteries

imone R. F. F. Pedra, MD, Carlos A. C. Pedra, MD, Alexandre A. Abizaid, MD, Sérgio L. N. Braga, MD,
odolfo Staico, MD, Raul Arrieta, MD, J. Ribamar Costa, JR, MD, Vinicius D. Vaz, MD,
almir F. Fontes, MD, J. Eduardo R. Sousa, MD
ão Paulo, Brazil

OBJECTIVES This research was undertaken to assess the status of the coronary wall morphology late after
the arterial switch operation (ASO) for transposition of the great arteries employing
intravascular ultrasound (IVUS).

BACKGROUND Long-term patency of the reimplanted coronary arteries is a key issue after ASO. Follow-up
studies have demonstrated coronary obstruction in up to 8% of patients that may be related
to progressive fibrocellular intimal thickening.

METHODS Twenty-two asymptomatic children were enrolled at a median age of 9.5 years (range 5 to 22
years); IVUS images were obtained in 20 children at cardiac catheterization 5.0 to 21.6 years
after the operation (in two cases IVUS study was not feasible due to technical constraints).
Quantitative analysis was performed in 37 coronary arteries involving segments with a mean
length of 28.4 � 1.8 mm.

RESULTS Thirty-three arteries (89%) displayed variable degrees of proximal eccentric intimal prolifer-
ation, with the maximal intimal thickening being 0.26 � 0.14 mm (range 0.06 to 0.71 mm)
at the most thickened site. According to the Stanford classification, all children had coronary
artery involvement with 50% having moderate-to-severe lesions (�0.3 mm). No risk factors
for such abnormalities were encountered, including age, origin of the coronary arteries,
hemodynamics, and follow-up duration after surgery.

CONCLUSIONS Intravascular ultrasound assessment late after the ASO revealed proximal eccentric intimal
thickening in most of the studied vessels. This observation suggests the development of early
atherosclerosis in the reimplanted coronary arteries, which may have a role in the genesis of
late coronary events. (J Am Coll Cardiol 2005;45:2061–8) © 2005 by the American

ublished by Elsevier Inc. doi:10.1016/j.jacc.2005.02.076
College of Cardiology Foundation

u
m
m
w
f
c
t

i
m
a
h
e
(
w
t
(
p
m

M

S

he arterial switch operation (ASO) has become the treat-
ent of choice in selected infants with complete transposi-

ion of the great arteries (TGA). Long-term success of this
peration depends on the continued patency of the reim-
lanted coronary arteries (1). Follow-up studies have dem-
nstrated coronary obstructions in up to 8% of patients,
ith the vast majority being symptom-free (2–4). The

auses of these abnormalities have not been completely
lucidated. A fibrocellular intimal thickening has been
bserved on postmortem examination in patients who died
f subendocardial infarction within months after surgery
5). The paucity of deaths after one year of age has been
ttributed to the hypothesis that the process of intimal
roliferation has subsided or overcome by the growth of the
oronary vessels (4). In this regard, it has been shown that
he hazard function of coronary events after the ASO shows
bi-modal pattern with a rapidly declining early phase and
slowly increasing phase after six years (2). Sudden and

From the Instituto Dante Pazzanese de Cardiologia, São Paulo, Brazil. Presented
t the Scientific Sessions of the American Heart Association, New Orleans,
ouisiana, November 7 to 10, 2004, and published in abstract form (Circulation
004;110:III690).
e
Manuscript received November 24, 2004; revised manuscript received January 28,

005, accepted February 22, 2005.
nexpected deaths may occur from myocardial ischemia
any years after the ASO. However, late coronary events
ost often result from silent coronary obstructions and
ould benefit from reoperation to prevent myocardial in-

arction (2). As such, additional information is required to
larify the mechanisms responsible for these late events after
he ASO.

Intracoronary ultrasound has emerged as an important
maging method to provide cross-sectional, transmural to-

ographic images of the coronary arteries in vivo, which
ccurately reflect vessel wall histology (6). This technique
as been shown to be superior to selective angiography to
valuate early atherosclerotic coronary artery disease
CAD) in adults (7), coronary vasculopathy in children
ith Kawasaki disease (8,9), and after cardiac transplanta-

ion (10). In the present study, intravascular ultrasound
IVUS) was employed to assess coronary artery wall mor-
hology in children who underwent the ASO for TGA a
inimum of five years after surgery.

ETHODS

ubjects and study protocol. Twenty-two children were

nrolled at a median of 8.6 years (range 5.0 to 21.6 years)
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fter the ASO. They were operated on between January
982 and June 1998 at a median age of 47 days (range 5 to
67 days) with 10 having simple TGA and 12 an associated
entricular septal defect. A total of 17 had the usual origin
f the coronary arteries, 3 had a single right coronary artery
RCA), 1 had a single left coronary artery, and 1 had the
ircumflex artery arising from the RCA. Surgical repair was
erformed by different surgeons under hypothermic cardio-
irculatory bypass using the technique initially described by
atene (11), incorporating from 1990 on the modifications
roposed by LeCompte (12). Mean extracorporeal bypass
ime and aortic cross-clamp time were 150 � 30 min and 98

24 min, respectively. Mean intensive care stay was 58 �
9 h. No infant had signs or symptoms of myocardial
schemia during the hospital stay.

The median age and weight of children at the time of the
ast follow-up study was 9.5 years (range 5 to 22 years) and
2 kg (range 15 to 81 kg), respectively. All children were
symptomatic and not receiving any cardiac medications.
o child had risk factors for CAD. After a routine clinical

xamination, a 12-lead electrocardiogram (ECG) was ob-
ained and standard two-dimensional color Doppler fol-
owed by dobutamine stress echocardiography (DSE) per-
ormed 1 to 90 days (median 1 day) before cardiac
atheterization. Echocardiography was performed at rest
nd after dobutamine infusion using an ATL HDI 5000
ltrasound machine (Phillips, Bothell, Washington). Do-
utamine was incrementally increased every 5 min in doses
f 5, 10, 20, 30, 40, and 50 �g/kg/min. Atropine (0.01
g/kg, maximum cumulative dose 1 mg) was given if

eeded to reach target heart rate. Left ventricular contrac-
ility was assessed using classical views and classified as
ormal, hypokinetic, akinetic, or dyskinetic. Stress-induced

schemia was defined as a new or worsening wall motion
bnormalities or ST-segment depression �2 mm at ECG.

This study was conducted in compliance with the
egulations of the Human Investigation Committee of
he Instituto Dante Pazzanese de Cardiologia, São Paulo,
razil. Informed consent was obtained from patients or
uardians as appropriate.
ardiac catheterization and angiography. General anes-

hesia was employed for children younger than 18 years of
ge. Standard heart catheterization was performed and

Abbreviations and Acronyms
ASO � arterial switch operation
CAD � coronary artery disease
DSE � dobutamine stress echocardiography
IVUS � intravascular ultrasound
LAD � left anterior descending
PIG � peak instantaneous gradient
RCA � right coronary artery
RVOTO � right ventricular outflow tract obstruction
TGA � transposition of the great arteries
eparin sulfate (150 IU/kg; max: 10,000 IU) and cephazolin Q
20 mg/kg; max: 2 g) were administered after vascular
ccesses were established. An aortic root angiogram was
btained followed by selective coronary artery angiography,
hich was performed using 6-F large-lumen guiding cath-

ters. Both coronary arteries and ventricles were imaged in
ultiple axial views. Angiographic evidence of CAD was

efined as the presence of any luminal irregularity, loss of
ranching, and discrete or diffuse stenosis at the ostia or
t the distal vessel. Quantitative angiography was not
erformed.
VUS examination. Intracoronary nitroglycerine (5 �g/kg;
ax: 200 �g) was administered to prevent vasospasm, and a

.014-inch angioplasty guidewire was advanced into the
istal right and left coronary arteries. The IVUS images
ere obtained using a Clear View IVUS unit (Boston
cientific Corporation, Fremont, California). Under fluo-
oscopic guidance, the ultrasound catheter (Ultra-cross,
.5-F, 140 cm long, 30 MHz, with an axial resolution of
50 �m) was advanced over the guidewire to the mid-
ortion of one of the major coronary arteries, avoiding
egments �2 mm in diameter. Image acquisition was
btained at 30 frames/s and continuously recorded on
-VHS videotape during a controlled pullback (0.5 mm/s)
nd were computer digitized for off-line analysis. Voice
nnotation and repeated contrast angiography were used to
ocument the imaging location. At the ostium, special care
as taken to keep the transducer parallel to the axis of the

oronary artery, avoiding off-plane images. This required
ome proximal slack in the guidewire in some cases. Dopp-
er flow studies were not performed. After the IVUS,
oronary angiography was repeated to determine the occur-
ence of vasospasm. Heparin sulfate was partially neutral-
zed and hemostasis achieved with manual compression.
he children were awakened in the catheterization labora-

ory and discharged home 8 h after the examination.
ff-line IVUS analysis. All images were analyzed using

he Echo Plaque 2.5 software (Indec System Inc., Mountain
iew, California). Luminal and vessel volumes and areas
ere traced by planimetry. An intimal index was calculated

ccording to previously published protocols (total vessel area
inus luminal area divided by total vessel area) (10).
easurements were also obtained at each coronary ostia.

he distance between the point of maximal intimal thick-
ess and the ostium was recorded. The degree of intimal
hickening at the most diseased segment was assessed using
he Stanford classification (13). An intimal thickening �0.1
m was considered normal and classified as grade 0,
hereas �0.3 mm (grades 3 and or 4) was considered

ignificant. Eccentric lesions were defined as those involving
180° of the vessel circumference.

tatistical analysis. Quantitative data are presented as
eans � SD or median and ranges. Categorical variables

re presented as numbers and frequencies, and were com-
ared using a chi-square or Fisher exact test (when expected
alues of any cell of the contingency table were �5).

uantitative variables were compared using a two-tailed
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npaired t test. Analysis of variance was used to assess the
nfluence of time after surgery in the severity of intimal
hickening. The statistical analysis was performed using the
PSS 10.0 (SPSS Institute, Chicago, Illinois) software. The

evel of significance was set at 0.05.

ESULTS

CG and echocardiographic findings. All children were
n sinus rhythm and had no evidence of ischemia on
tandard resting electrocardiography. Echocardiography at
est revealed normal left ventricular systolic function with
ean ejection fraction of 67.3 � 8.5%, and no wall motion

bnormalities. Seven children had significant right ventric-
lar outflow tract obstruction (RVOTO) defined by right
entricular to pulmonary artery peak instantaneous gradient
PIG) �50 mm Hg. Because two of them had rest PIG
100 mm Hg, DSE was not performed. The remaining 20

ad satisfactory images for wall motion assessment. The
ests were interrupted in 9 children (45%) before the target
eart rate was achieved due to sustained ventricular ectopy,
igeminy, or tachycardia, which was associated with the
resence of RVOTO (5 of 6 [83%] vs. 4 of 14 [28%]; p �
.05). No induced ischemia was observed during the tests.
ll patients showed left ventricular ejection fraction eleva-

ion (58.4 � 7.9% rest vs. 74.8 � 8.0% stress; p � 0.001)
nd end-systolic volume reduction (29.0 � 14.4 ml rest vs.
9.5 � 7.7 ml stress; p � 0.001) as assessed by the
impson’s rule.
ardiac catheterization findings. Hemodynamic data are

hown in Table 1. Seven children had high right ventricular
ystolic pressures �0.5 of systemic levels, and 13 had in-
reased left ventricular end-diastolic pressures �12 mm Hg.

Bilateral selective coronary angiography was performed in
ll children. One child was found to have ostial stenosis of
he RCA with a normal distal vessel (Fig. 1). There was no
ngiographic evidence of CAD in the remaining. Stenosis
n the main pulmonary artery at the suture line was found in
our children and at the origin of one or both pulmonary
rteries in three. No complications occurred after catheter-
zation and selective coronary angiography.

echnical aspects of IVUS. Of the 22 children enrolled,
VUS could not be performed in two due to technical
onstraints. In one child it was not possible to engage the
oronary ostia due to a high take-off of the orifices, whereas,
n the other, the coronary arteries were too small to
ccommodate the ultrasound catheter. Among the 20 chil-
ren who completed the IVUS study, two developed coro-

able 1. Hemodynamics of the Studied Subjects

Variable (mm Hg) Mean

VSP/LVSP (n � 21) 0.4 � 0.17
VEDP (n � 22) 11 � 3.3
V/MPA gradient (n � 21) 25.8 � 5.6

VEDP � left ventricular end-diastolic pressure; LVSP � left ventricular systolic

ressure; MPA � main pulmonary artery; RV � right ventricle; RVSP � right
entricular systolic pressure.
ary vasospasm with no associated ECG changes during the
tudy, which was promptly reversed by an additional dose of
itroglycerin. No other complications were encountered.
VUS findings. Thirty-seven major coronary arteries were
tudied, including the RCA in 19 children, left anterior
escending (LAD) in 15, and the circumflex in 3. The mean

ength of the studied segments was 28.4 � 1.8 mm.
uantitative analysis of the 37 vessels is summarized in
able 2. The overall mean intimal thickening index was
1.1 � 7.4% at the most thickened site and 5.7 � 6.7% at
he coronary ostia (p � 0.001). At the most thickened
egment, there was no difference in the intimal index
etween the RCA and the left coronary artery (LAD �
ircumflex) (10.3 � 6.8% vs. 11.7 � 8.3%, respectively; p �
.95). Likewise, there was no difference in the intimal
hickening of the RCA between children with high and
ormal right ventricular systolic pressure (0.29 � 0.13 mm
s. 0.22 � 0.09 mm, respectively; p � 0.23), or in the LAD
etween children with high and normal left ventricular
nd-diastolic pressure (0.21 � 0.13 mm vs. 0.3 � 0.2 mm,
espectively; p � 0.31). Additionally, there was no differ-
nce in the intimal index and intimal thickening between
hildren with usual and unusual coronary artery patterns

igure 1. Coronary angiogram showing lumen reduction at the origin of
he right coronary artery.

able 2. Quantitative Intracoronary Ultrasound Analysis of the
7 Studied Coronary Arteries

Variable Mean

olume (mm3)
Vessel 172 � 103
Lumen 163 � 101
% of obstruction 6.4 � 5.7

rea (mm2)
Lumen 4.0 � 2.5
Mean intimal thickness 0.78 � 0.7

Ostial intimal thickness 0.51 � 0.6
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median 7.8% [5.7% to 10.8%] vs. 7.2% [6.2% to 23.4%],
espectively; p � 0.497, and 0.26 � 0.14 mm vs. 0.25 �
.15 mm, respectively; p � 0.96]). Finally, there was no
ssociation between the degree of the intimal thickening or
he intimal index and the duration of follow-up (Fig. 2). At
he most thickened site, the maximal intimal thickness
aried from 0.06 to 0.71 mm (mean 0.26 � 0.14 mm). The

igure 2. Distribution of the intimal indexes (top) and maximal intimal th
f follow-up. LCA � left coronary artery; RCA � right coronary artery.
igure 3. Distribution of the percentage of arteries in the different classes accord
lass is represented above each bar.
ean distance between this point and the coronary ostia was
1.4 � 8.6 mm. The pattern of intimal thickening was
ccentric in all children. Figure 3 shows the distribution of
nvolvement of the major coronary arteries according to the
everity of the coronary artery wall abnormalities. Thirty-
hree of the 37 studied vessels (89%) had some degree of
ntimal thickening (�0.1 mm) with 11 (30%) having

ss (bottom) for right and left coronary arteries according to the duration
ing to the Stanford classification. The absolute number of arteries at each
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oderate-to-severe vessel wall involvement. All children
ad at least 1 coronary artery showing intimal proliferation,
ith 10 (50%) having moderate-to-severe degrees (�0.3
m). Intimal thickening was responsible for approximately

.4% reduction in the total volume of the artery and
orresponded to 16% of the vascular area and 5% of the
stial area. Figure 4 shows examples of normal and abnor-
al IVUS findings.
The child with ostial RCA stenosis on angiography was

ubsequently found to have an elliptical-shaped ostium
emonstrated by IVUS. The luminal area at the ostium was
imilar to the luminal area of the proximal one-third of the
CA (Fig. 5).

ISCUSSION

his study is the first to assess coronary artery wall mor-
hology using IVUS in children who have had an ASO for
GA. Proximal eccentric intimal thickening was observed

n most (89%) of the studied coronary arteries, with 30%

igure 4. Intracoronary ultrasound image of a normal coronary artery segme
80° of the vessel circumference (arrows indicate intimal thickening).
Figure 5. Intracoronary ultrasound image of an ellipti
50% of patients) having significant proliferation (�0.3
m). This observation presents additional insights to pos-

ible mechanisms contributing to late coronary events after
he ASO.

linical assessment. In this study, all children were
symptomatic and not taking any medications. Functional
ssessment using echocardiography at rest and DSE re-
ealed preserved left ventricular systolic function with sat-
sfactory response to stress. Because this is a small series of
atients with none having significant coronary obstruction,
t was not surprising that DSE did not demonstrate any wall

otion abnormality. Interestingly, DSE triggered ventric-
lar arrhythmias in almost one-half of our patients and was
ssociated with the presence of RVOTO.
ormal IVUS findings in adults and children IVUS. In-

ravascular ultrasound represents a unique tool to accurately
efine vessel wall morphology in vivo and quantify wall
hickness and lumen dimensions, with close correlation with
n vitro histological measurements (6). In the normal

and anterior descending segment (b) with intimal proliferation comprising
cal ostia (a) followed by a normal segment (b).
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oronary arteries in adults, IVUS studies have demonstrated
three-layered appearance with a bright inner ring, a
iddle echolucent zone, and an outer bright ring (6,13). In

ontrast, there is a paucity of information regarding the
oronary wall morphology in children. In the study by
ugimura (8), which was conducted to assess the coronary
all in children with Kawasaki disease, IVUS was also
erformed in a small control group of patients with simple,
onoperated congenital heart defects. In that study, unlike

n adults, the normal coronary morphology displayed a
mooth homogenous wall appearance without any evidence
f the three layers both in the nonaffected segments of the
iseased arteries in Kawasaki patients and in the control
roup. Similar findings have been documented in new
ardiac recipients who had received hearts from young
onors (14). In their study, St Goar et al. (14) have shown
hat no donor heart under the age of 25 years had ultrasound
vidence of coronary layering. The data from these studies
uggest that the three-layer appearance develops gradually
ith aging, and the presence of intimal thickening in

hildren and adolescents is uncommon, at least with the
esolution of a 30-MHz transducer, also employed in these
revious investigations (8,14).
ntimal thickness and atherosclerosis in the young. Lim-
ted information is available to describe the normal range of
oronary intimal thickness in humans. A postmortem study
y Velican and Velican (15) showed that intimal thickness
rogresses with age, from a mean of �0.1 mm in children
10 years to 0.2 mm for ages 20 to 25 years in the LAD.

t is of note that their mean values are universally less than
he mean value (0.26 � 0.14 mm) demonstrated by IVUS in
he present investigation. Although autopsy studies have
emonstrated that atherosclerosis begins at a very early stage

n life (16), in most of these investigations, dissection of the
oronary arteries was longitudinal, not cross-sectional. In
ddition, necropsy data probably overestimates vessel wall
hickness because the explanted vessels are not distended by
hysiological pressures (14).
ntimal thickness and atherosclerotic CAD by IVUS in
he young. New cardiac transplant recipients have been
sed as a unique group in which it is possible to image the
oronary arteries of young donor hearts to assess possible
arly atherosclerotic CAD (14,17,18). Intravascular ultra-
ound studies in these patients have shown some variation in
he thickness of the coronary artery intimal layer as well as
nequivocal findings of early focal atherosclerotic disease
14,17,18). An atherosclerotic plaque is characterized as an
ccentric lesion with a predilection for proximal sites in
ajor coronary arteries usually adjacent to bifurcations

17,18). In adults, an atherosclerotic lesion has been defined
s any site with an intimal thickness �0.5 mm, which
epresents at least three standard deviation greater than
ormal values (17,18). Although a less stringent, but more
easonable, definition may include focal lesions �0.3 mm
18), no data are available for children and adolescents. It is

mportant to acknowledge that intimal thickening is a m
ontinuous variable and that defining atherosclerosis as a
ategorical variable may have some limitations. Addition-
lly, less significant but diffuse intimal thickening may be
ncountered instead of a localized lesion. On the other
and, the use of the intimal thickening index as a quanti-
ative measurement of intimal proliferation may not be
dequate to differentiate between significant focal eccentric
ntimal proliferation and mild concentric thickening. To
elp to overcome these limitations, the Stanford classifica-
ion (13) has been developed. This grading system takes into
ccount not only the thickness of the intima but also the
ircumferential involvement. Initially used in adult trans-
lant subjects (7,13), it was subsequently applied for the
ediatric population, being validated in transplant (10,19)
nd Kawasaki patients (19). Class 0 is considered to be
ormal in children (19) and �2 defined as significant
isease for pediatric heart transplant recipients (10).
VUS findings in this investigation. This study suggests
ate abnormal coronary artery wall morphology assessed by
VUS in patients who underwent the ASO for TGA; IVUS
evealed some degree of intimal thickening in at least one
ajor coronary artery in all patients, with only 4 of the

7 studied vessels being disease-free. According to the
tanford classification (13), 50% of patients and 30% of
rteries in this series had more than moderate lesions
eccentric intimal thickening �0.3 mm). In contrast, Tuzcu
t al. (18), studying heart transplant recipients 30.9 � 13.2
ays after transplantation and using the same cutoff point of
0.3 mm at the greatest intimal thickness site, have shown

hat “only” 21% of their transplant donors 13 to 20 years old
ad atherosclerosis. In addition, the mean intimal thicken-

ng value observed in these patients was significantly lower
�0.13 mm) than the value encountered herein (0.26 �
.14 mm). In this regard, St Goar et al. (14) also docu-
ented lower values in recipients studied at baseline (�2
onths) after transplantation (0.09 � 0.02 mm). In the

resent study, the observation that all lesions were eccentric
nd had a predilection for the proximal vessel is intriguing
nd may be indicative of an early atherosclerotic process
18). We were unable to find risk factors for such abnor-
alities, probably due to the limited number of patients

nrolled.
oronary angiography. In a longitudinal study, coronary

bstructions have been observed in up to 8% of patients (2).
ndeed, some of these lesions appeared late, as demon-
trated by repeat angiograms. Due to the relatively low
ensitivity of the noninvasive methods to detect coronary
nsufficiency in symptom-free patients who underwent the
SO (2), we would agree that coronary angiography should
e routinely performed as part of a late follow-up protocol.
owever, this method should be interpreted in the light of

ts limitations to detect early intimal thickening, which is
etter assessed using IVUS (2,13,17,18). Because coronary
ngiography portrays the vessel lumen as a silhouette, the
omplex eccentric nature of the CAD is neglected. Further-

ore, it has been demonstrated that early atherosclerotic
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AD is associated with compensatory vessel remodeling,
reserving the coronary lumen from encroachment of the
therosclerotic plaque (20). In this investigation, IVUS also
eemed to be useful to demonstrate an elliptical shape of the
oronary ostium with no reduction in the cross-sectional
rea in a single child with suspected RCA ostial stenosis by
ngiography.

echanisms involved in early and late cardiac events
fter ASO. Fibrocellular intimal thickening has been im-
licated as the cause of myocardial infarction within months
fter the ASO (2,4,5). Legendre et al. (2) have demon-
trated that coronary anatomy and surgical technical diffi-
ulties were correlated with the occurrence of coronary
vents early in the postoperative period. Late myocardial
nfarction and death are uncommon after the ASO, albeit
epresenting a devastating issue. In the same study (2), the
nly late coronary events were reoperations for obstructions
ot related to intraoperative problems or early ischemia. It
as been postulated that reimplantation of the coronary
rteries results in proximal flow disturbance, which may
lter local shear stress and induce intimal thickening (2,4).
lso, it has been suggested that flow patterns in the

oronary arteries may be particularly important in the
enesis of an early atherosclerotic lesion (18). As such,
rogressive proliferation likely modulated by atherosclerosis
ay have a role in the genesis of these late obstructions. It

s possible that some of the patients who underwent the
SO later develop overt clinical CAD as a result of a

omplication, such as a plaque rupture. Although the main
ocus of this study was coronary wall morphology and not
ascular function, this latter aspect may be also important to
etermine myocardial ischemia and late events, especially
cknowledging that denervation occurs after transection of
he great arteries for the ASO (21). Additionally, myocar-
ial hypertrophy due to residual lesions has adverse effects
n coronary flow reserve (22) and may contribute to
yocardial ischemia in scenarios of high metabolic

emands.
mplications in clinical practice. In patients who under-
ent cardiac transplantation, intimal proliferation is pro-
ressive, and coronary events will eventually ensue
7,10,13,19). In the patients studied herein, it is difficult to
redict how the coronary wall abnormalities will behave
ith time and what lesions should be treated to prevent

oronary events. At this time, it is unclear when and how
ften IVUS should be employed for late assessment of the
oronary arteries after the ASO. It seems reasonable to
pply this technique for patients in whom coronary angiog-
aphy revealed an ostial stenosis, a de novo lesion, or
rogression of a previous lesion.
The data from this study suggest that we should apply

trategies to control risk factors for CAD in the late
ollow-up of these patients. Whether early intervention to
urtail atherosclerosis in an occasional patient with associ-
ted risk factors can limit the development of symptomatic

isease is speculative.
tudy limitations. We acknowledge that a continuous
easure of intimal thickening, while making scientific

ense, would require a control group for comparison. How-
ver, it would be obviously unethical to perform IVUS in a
ontrol group of healthy children. Also, due to the absence
f coronary events in patients who underwent other surgical
rocedures to repair defects that do not involve coronary
ransfer, such as ventricular septal defects, Tetralogy of
allot, etc., it is hard to justify late invasive coronary

nvestigations. Therefore, we used historical controls to
escribe normal (albeit limited) IVUS data in children,
dolescents, and young adults (7,8,14,17,18). It is of note
hat a 30-MHz ultrasound transducer was also employed in
hese previous investigations. In addition, in the study by
ugimura et al. (8), the control group was similar to the
opulation described herein in regards to age (10.2 � 2.8
ears). As such, it is unlikely that the findings presented
erein represent a physiological process of atherosclerosis
hat could also be encountered in a normal population. The
ommon finding of significant coronary wall involvement in
0% of our patients based on the well-accepted Stanford
lassification further corroborates with this impression.

hether the use of a higher frequency transducer (�40
Hz), which may be able to detect the three layers even in

he absence of pathologic intimal thickening, could alter the
ignificance of our observations is unclear. Serum levels of
holesterol were not routinely assessed herein. However,
his probably has a limited impact on our conclusions
ecause the IVUS findings were similar in the entire cohort
f patients.
onclusions. Late IVUS assessment in children who un-
erwent the ASO for TGA revealed proximal eccentric
ntimal thickening in most (89%) of the studied coronary
rteries. A total of 50% of patients and 30% of arteries had
ignificant proliferation (�0.3 mm). These observations
uggest the development of early atherosclerosis in the
eimplanted coronary arteries, which may have a role in the
enesis of late coronary events.
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azzanese 500, CEP 04012-180, São Paulo, SP, Brazil. E-mail:
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