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ediatric Nuclear Cardiology
ichael W. Dae, MD, MBA, FACC

Echocardiography, magnetic resonance imaging and, more recently, multidetector com-
puted tomography, have led to major advances in noninvasive image assessment of
anatomy in pediatric cardiology. The radionuclide methods often lack sufficient resolution
to precisely characterize complex morphology in congenital heart lesions. However, these
methods provide an accurate and reproduceable quantitative assessment of the physio-
logical consequences of structural heart disease. These unique capabilities will continue to
assure ongoing clinical relevance of radionuclide methodology, as is the case in the
assessment of heart disease in adult cardiology.
Semin Nucl Med 37:382-390 © 2007 Elsevier Inc. All rights reserved.
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ardiac catheterization and angiocardiography have long
been the most definitive techniques for the anatomic

nd hemodynamic assessment of congenital heart disease.
uring the past decade, however, noninvasive imaging mo-
alities such as 2-dimensional echocardiography, magnetic
esonance imaging (MRI), and radionuclide scintigraphy
ave lead to a significant decrease in the necessity for invasive
atheterization to evaluate congenital heart lesions. Echocar-
iography and MRI have emerged as the dominant methods
or the morphologic assessment of congenital heart disease,
hereas radionuclide imaging is used primarily for the as-

essment of cardiac physiology. Although rarely used today
or the assessment of right and left ventricular function in
ediatric patients, radionuclide studies continue to provide
aluable information for the evaluation of intra- and extra-
ardiac shunts, and assessment of myocardial perfusion.

ssessment of
eft-to-Right Shunts

chocardiography with Doppler is the most widely used
ethod for assessment of the presence and magnitude of

eft-to-right shunts in congenital heart disease today. The
adionuclide technique for left-to-right shunt quantification
as established and validated more than 30 years ago.1 How-

ver, more than of historical interest, these fundamentally
ound principles remain valid and clinically useful today.
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The radionuclide method most often is used to assess the
ize of left-to-right shunts in 4 major congenital lesions: atrial
eptal defect, ventricular septal defect (VSD), patent ductus
rteriosis, and partial anomalous pulmonary venous return.
n uncomplicated atrial septal defect, the shunt is principally
rom the left atrium to the right atrium, leading to an in-
reased volume load in the right ventricle, which becomes
ilated (Fig. 1). The left ventricle does not participate in the
hunt. Anomalous connections of pulmonary veins, gener-
lly to the right atrium, also result in left-to-right shunts
here the right ventricle handles the increased volume.
In the typical perimembranous VSD, the shunt is princi-

ally from the left ventricle, across the ventricular septum,
nto the right ventricular outflow tract, and out the pulmo-
ary trunk (Fig. 2). The left ventricle handles the increased
olume load and dilates. Large left-to-right shunts associated
ith VSDs can lead to pulmonary hypertension and subse-
uent right ventricular hypertrophy.
In patent ductus arteriosus (PDA), the shunt occurs be-

ween the high pressure aortic trunk to the lower pressure
ulmonary trunk (Fig. 3). The left ventricle handles the in-
reased volume and dilates. As with large VSDs, large PDAs
an lead to pulmonary hypertension and right ventricular
ypertrophy. In each lesion, knowledge of the size of the
hunt, expressed as pulmonary-to-systemic flow ratio (Qp/
s) is essential for decisions regarding corrective surgery.
The scintigraphic technique involves the rapid injection of

bolus of radionuclide (usually 99mTc-DTPA), into the circu-
ation while monitoring the transit through the heart and
ungs with the gamma camera. For small infants (ie, prema-
ure newborn infants), a butterfly needle can be used in a
emporal scalp vein to deliver a compact bolus of activity to
he central circulation. In older children and adults, either a

utterfly needle, or a small plastic catheter, can be inserted
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Pediatric nuclear cardiology 383
referably into an external jugular vein, although an antecu-
ital vein can also be used. The delivery of a compact, non-
ragmented bolus of activity is critical to allow accurate de-
ermination of the size of the shunt. With good technique, the
uccess rate should be greater than 90%. It may be necessary
o sedate infants and some children, since crying simulates a
alsalva maneuver which can impede bolus entry into the
horax and lead to fragmentation of the bolus. As mentioned
reviously, 99mTc-DTPA is most commonly used for shunt
tudies. Doses are 200 uCi per kilogram of body weight, with
minimum dose of 2 mCi. The advantage of Tc-DTPA over
ther Tc-based agents is the fairly rapid renal excretion,
hich leads to prompt clearance of background activity. This
ecomes important if it is necessary to perform a second

njection to improve the quality of the bolus. Generally, no
ore than two sequential injections are performed due to
osimetry limitations.
The study is done in the anterior projection using a con-

erging collimator (which provides magnification) in infants,
nd ideally a high sensitivity parallel collimator in older chil-
ren and adults. A dynamic acquisition with a sampling rate
f 2 to 4 frames per second is adequate for evaluation of
hunts. If ejection fraction measurements are to be made by
he first pass method, a rate of at least 25 frames per second
hould be used. The sequential flow study is reviewed to
rovide useful information regarding chamber orientation

igure 1 Uncomplicated atrial septal defect. (Reproduced with per-
ission from Moller J, Amplatz K, Edwards J: Congenital Heart
isease. Kalamazoo, MI, Upjohn, 1971. © Association of Pathologic
hairs/Universities Associated for Research and Education in Pa-

hology.)
nd vascular connections. In the presence of normal ana- U
omic relationships, right heart structures will appear, fol-
owed by the main pulmonary artery, lungs, and subse-
uently, the left ventricle (levophase), and descending aorta.
ersistent pulmonary activity, resulting in the absence of a
istinct levophase is consistent with a moderate-to-large left
o right shunt (Fig. 4). This appearance results from recircu-
ation of activity from heart back to lungs and vice versa,
cross the shunt. This appearance has been called the
smudge sign,” and generally indicates a pulmonary to sys-
emic flow of at least 1.6/1.

For quantification, time versus radioactivity curves are
enerated from regions of interest over the superior vena
ava, to assess the quality of the bolus; and the periphery of
he right lung, for shunt detection and magnitude (Fig. 5). A
eparate curve may be generated from a region over the left
ung if differential shunting is expected (as may occur with a
atent ductus arteriosus). The normal pulmonary arterial
urve has an ascending limb, reflecting the arrival of tracer in
he pulmonary circulation, and a symmetric descending
imb, reflecting the tracer exiting the lungs, and entering the
eft side of the heart. A late peak will appear, reflecting sys-
emic recirculation. In the presence of a left to right shunt, a
houlder will be present on the downslope, indicating recir-
ulation of activity back to the lungs across the shunt. For
hunt quantification, the shape of the pulmonary portion of
he curve is approximated by an algebraic expression called a
amma variate function (Fig. 6).1 In practice, the computer is
iven the coordinates of the upslope and initial downslope of

igure 2 Ventricular septal defect. (Reproduced with permission
rom Moller J, Amplatz K, Edwards J: Congenital Heart Disease.
alamazoo, MI, Upjohn, 1971. © Association of Pathologic Chairs/

niversities Associated for Research and Education in Pathology.)



t
m
c
c
t
r
p
t
r
i

t
m
t
c
e
r
s
p
t
a
c
t
s
s
g

a
p
i
t

t
t
s
w
T
a
a
t
a
t
t
s
a
p
T
a
d

i
p
t
D
a

F
f
K
U

F
fl
s
l
a
I
P
a
d

384 M.W. Dae
he pulmonary curve, and a curve is generated that approxi-
ates the shape of the pulmonary curve. The area under this

urve is proportional to pulmonary flow, Qp. This fitted
urve is then subtracted from the initial time versus radioac-
ivity curve, and another gamma variate fit is done on the
emaining curve. The area under this second fitted curve is
roportional to the shunt flow, Qsh. The difference between
he 2 fitted curves is a measure of systemic flow, Qs. The
esultant calculation of pulmonary to systemic flow, Qp/Qs,
s performed as:

Qp ⁄ Qs � Qp ⁄ (Qp � Qsh)

Ratios less than 1.2:1 are consistent with the absence of left
o right shunts. The Qp/Qs calculation, by the gamma variate
ethod, has shown excellent correlation with shunt size de-

ermined at cardiac catheterization, over a clinically signifi-
ant range of 1.2:1 to 3.0:1.1 This relationship remains valid
ven in the presence of pulmonary hypertension, tricuspid
egurgitation, and heart failure.1,2 In these conditions, exten-
ive dilution and slow flow lead to a slow downslope to the
ulmonary curve. However, the upslope should be propor-
ionately slowed and the curve fit method should generally
pply. Nevertheless, caution should be exercised in these
ases. Because the method is dependent on the full passage of
he administered radionuclide through the lungs, left to right
hunts will be overestimated in the presence of right to left
hunts. Shunts greater than 3.0:1 are difficult to fit by the

igure 3 Patent ductus arteriosus. (Reproduced with permission
rom Moller J, Amplatz K, Edwards J: Congenital Heart Disease,
alamazoo, MI, Upjohn, 1971. © Association of Pathologic Chairs/
niversities Associated for Research and Education in Pathology.)
amma variate method because of distortions in curve shape l
s a result of the large and torrential shunt flow. This is not a
ractical limitation, however, as any shunt greater than 3.0:1

s very large. In general, a shunt of 2.0 or greater is sufficient
o warrant surgical correction.

With the anatomic detail provided by echocardiography,
he hemodynamic correlates from Doppler examination, and
he precise quantitation available from a radionuclide shunt
tudy, it is sometimes possible to proceed directly to surgery
ithout the necessity of preoperative cardiac catheterization.
his is particularly true with uncomplicated patent ductus,
nd secundum atrial septal defect. In the situation of anom-
lous pulmonary venous return, the radionuclide determina-
ion of shunt size may be more accurate than that determined
t catheterization by oximetric methods, due to the inability
o obtain a good mixed venous blood sample at catheteriza-
ion.3 The radionuclide method has also been used to mea-
ure changes in shunt magnitude in response to oxygen ther-
py, to assess the reactivity of the pulmonary vascular bed, in
atients with large shunts and pulmonary hypertension.4

his is a very important consideration in determining oper-
bility in patients with moderate to large ventricular septal
efects.
One of the leading indications for radionuclide shunt stud-

es is the postoperative assessment of residual shunt size in
atients with murmurs and echo Doppler evidence of persis-
ent shunting after surgical correction of septal defects.
oppler quantification of shunt size is often not very reliable
fter patch closure of defects due to the turbulence generated

igure 4 Radionuclide first-pass flow studies. Shown are radionuclide
ow studies, progressing left to right in a patient without left-to-right
hunt (A) and in a patient with left-to-right shunt (B). The absence of a
evophase in the latter is consistent with a moderate-to-large shunt with
Qp/Qs �1.6. (Image A adapted from Treves S, Maltz D, Adelstein S:

ntracardiac shunts, in James AE Jr, Wagner HN Jr, Cooke RE (eds):
ediatric Nuclear Medicine. Philadelphia, Saunders, 1974; image B
dapted from Botvinick E, Schiller N, Shames D: The role of echocar-
iography and scintigraphy in the evaluation of adults with suspected
eft-to-right shunts. Circulation 62:1020, 1980.)
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Pediatric nuclear cardiology 385
n the vicinity of the patch. In this situation, the radionuclide
echnique has been helpful for assessing the need for repeat
atherization and possibly reoperation.

It is possible to calculate the extent of left to right shunts
sing the equilibrium blood pool method. Stroke volume or

igure 5 (A) Time–activity curve from a region over the superior
ena cava. The bolus of radiotracer is adequate because it produced
single peak. (B) Pulmonary time–activity curves. Normal (left).

eft-to-right shunt (right). (Reproduced with permission from
reves S, Royal H, Babchyck B: Pediatric nuclear cardiology, in
ngle MA (ed): Pediatric Cardiovascular Disease. Philadelphia, PA,
A Davis, 1981, pp 247-274.)

igure 6 Calculation of pulmonary-to-systemic flow ratio (Qp:Qs)
sing pulmonary time–activity curves and the gamma variate
odel. (A) Area under the first pass of tracer through the lungs as

efined by a gamma variate extrapolation. Qp, pulmonary flow. (B)
rea under the portion of the curve corresponding to radiolabeled
lood returning prematurely to the lung by the left-to-right shunt. Q
hunt, shunt flow. A � B � Qs � systemic flow. (Reproduced with
ermission from Treves ST: Pediatric Nuclear Medicine. New York,
cpringer–Verlag, 1985.)
mplitude images can be used to measure the difference in
troke volume between the ventricles, as is commonly per-
ormed for the evaluation of regurgitant lesions (Fig. 7).5

ith a ventricular septal defect or a patent ductus arteriosus,
he left ventricle handles the excess volume of the shunt flow.
he left ventricular stroke volume is proportional to the pul-
onary blood flow, and the right ventricular stroke volume is
roportional to the systemic blood flow. The pulmonary to
ystemic flow ration can be calculated as:

Qp ⁄ Qs � LV stroke volume ⁄ RV stroke volume

where, LV stroke volume equals LV end-diastolic volume
inus end systolic volume, and RV stroke volume equals RV

nd-diastolic volume minus end systolic volume.
For an atrial septal defect, or anamolous pulmonary ve-

ous return, the right ventricle carries the excess shunt flow.
he Qp/Qs can be calculated as:

Qp ⁄ Qs � RV stroke volume ⁄ LV stroke volume

A good correlation (r � 0.79) has been noted between the
hunt Qp/Qs ratio calculated from stroke volume ratios and
ximetry.6 This approach may be particularly useful in situ-
tions where attempts at a good bolus injection were unsuc-

igure 7 Amplitude images from the LAO projection from a patient
ith atrial septal defect. Note the increased amplitude (stroke vol-
me) in the right ventricular region in the LAO projection. The
mplitude ratio of the right ventricle to left ventricle, corrected for
ight atrial overlap with the right ventricle, is 1.9, similar to the
easured Qp:Qs of 1.9.
essful.
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386 M.W. Dae
ight-to-Left Shunt Evaluation
ight-to-left shunts can be detected by inspection of the first-
ass radionuclide angiogram, which reveals a premature ap-
earance of radioactivity in the left sided chambers or aorta.
ime versus radioactivity curves generated from regions of

igure 8 Shown is a posterior whole body image. Technetium-la-
eled MAA particles were injected intravenously and show localiza-
ion to lungs, kidneys, and brain, indicating a right to left shunt.

Figure 9 (A) Posterior view (after injection into arm vein
with dextrocardial after Glenn shunt and right Blalock-T
after tracer application into the right antecubital vein an
vein. Right-to-left shunt volume from the inferior caval s

originating from the descending aorta leading to the right upp
nterest over the carotid artery can be analyzed by curve
tting methods to quantify shunt size.7 Intravenous injec-
ions of an inert radioactive gas, such as 133Xe or krypton-81
onth also can be used for detecting right-to-left shunts.8

ignificant systemic activity of these agents, which should be
otally extracted by the lungs and exhaled in the alveolar gas,
ndicates shunting.

after injection into foot vein on right) of 8-year-old girl
hunt. There is missing perfusion of the right upper lobe
rperfused right upper lobe after application into a foot

was 61%. (B) Angiogram shows arterial collateral vessel

igure 10 Shown are rest myocardial single-photon emission com-
uted tomography thallium images from a 2-month-old infant pre-
enting with a left coronary artery originating from the pulmonary
rtery. On the left are preoperative images showing markedly de-
reased perfusion to the anterior and lateral walls (arrows) and
ilation of the left ventricle. Postoperative images on the right show
lmost complete normalization of perfusion and a dramatic reduc-
ion in the chamber size. (Reproduced with permission from Fer-
andes J, Rutkowshi M, Sanger JJ: Anomalous origin of the left
oronary artery. Use of thallium perfusion scans in the evaluation of
uccessful revascularization. Clin Nucl Med 17:177-199, 1992.)
on left,
aussig s
d hype
ystem
er lobe. (Adapted from Pruckmayer et al.11)
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Pediatric nuclear cardiology 387
The easiest and most commonly used method is the
ntravenous injection of 99mTc-labeled macroaggregated
lbumin (MAA) particles, similar to those used for the
ssessment of pulmonary perfusion.9 In the absence of
ight-to-left shunting, all of the particles are trapped in the
ungs. When right-to-left shunting occurs at any level,
articles will enter the systemic circulation in proportion
o the shunt flow, lodging in the capillary and precapillary
eds of systemic organs (Fig. 8). A series of whole-body

mages are taken to determine the percentage of right-to-
eft shunt as:

(whole body counts � lung counts) ⁄ whole body counts

ulmonary to systemic flow ratio can be calculated as:

igure 11 A 22-month-old s/p arterial
witch procedure for D-transposition
f the great vessels during the neona-
al period. Recent catheterization
howed possible stenosis of the left
nterior descending coronary artery.

persantine myocardial perfusion
as performed to assess myocardial
erfusion. (A) Baseline ECG shows
ight ventricular hypertrophy with
ormal ST and T waves. (B) Postper-
antine ECG shows marked ST-seg-
ent changes consistent with isch-

mia. (C) Stress images show severe
eduction in myocardial perfusion at
he anterior and apical regions of the
yocardium, with normal perfusion

t rest, consistent with ischemia in the
eft anterior descending artery terri-
ory. The right ventricle shows prom-
nent activity consistent with right
entricular hypertrophy. The patient
nderwent patch plasty of the ste-
osed left anterior descending artery
ith subsequent clinical improve-
ent. (ECGs provided by Kathy Leni-

an, NP, University of California at
an Francisco.)
Qp ⁄ Qs � lung counts ⁄ whole body counts a
A variation of this method is useful for assessing Qp/Qs in
dmixture lesions, where complete mixing of pulmonary
nd systemic blood occurs in one cardiac chamber. Images in
igure 8 were obtained from a 16-year-old cyanotic patient who
resented with a history of pulmonary atresia with intact ven-
ricular septum, and hypoplastic tricuspid valve. He received a

aterston aortic to right pulmonary artery shunt as a child. In
ddition, a left subclavian to central pulmonary shunt (Blalock-
aussig) was done, with flow primarily to the left lung. The
rocedure was done to assess the patency of the shunts.
Although technically there is a left-to-right shunt of blood

rom the aorta to pulmonary artery, the major hemodynamic
bnormality in this cyanotic lesion is complete admixture of
ystemic venous and pulmonary venous blood at the level of the
eft atrium. Both pulmonary and systemic blood arise from the

orta. Note the presence of brain and kidney uptake, which is
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388 M.W. Dae
onsistent with right-to-left shunt. In this example, differential
ulmonary perfusion was measured by determining relative
ounts in both lungs. Left lung activity represented 45% of total
ung activity, whereas right lung activity was 55% of total. These
ndings suggested that both the Waterston and Blalock-Taussig
hunts were functioning. Additional important data were ob-
ainable from this MAA study. The pulmonary to systemic flow
atio, Qp/Qs, was calculated as: Qp � lung counts, Qs � whole
ody counts minus lung counts. This formula is applicable be-
ause the patient has an admixture lesion. There is complete
ixing of the particles by the time the injected dose reaches the

orta. The particles are subsequently distributed in proportion

Figure 11
o regional blood flow to the lungs and the body. The pulmo- d
ary/systemic flow ratio, Qp/Qs, is a very important determi-
ant of systemic arterial oxygen saturation in patients with ad-
ixture lesions.10 In the example shown above, the Qp/Qs was

.6. This modest ratio suggested that pulmonary flow was not
xcessive, and increased systemic saturation would likely result
ith a slightly larger degree of pulmonary blood flow, ie, a larger
p/Qs.
Despite the general reluctance to administer particles to pa-

ients with known right-to-left shunts, the method has proven to
e safe, accurate, and very easy to perform.9 The particle num-
er should be kept �50,000 in pediatric patients.
The microparticle study is very useful for visualizing mal-

inued)
(cont
istribution of pulmonary blood flow after surgery for con-
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Pediatric nuclear cardiology 389
enital heart disease. Pruckmayer and coworkers11 studied
6 patients (mean age 8.2 yrs) with complex cardiac anom-
lies who had undergone either a Glenn shunt, or Fontan
rocedure. Glenn Shunt and Fontan procedures may be as-
ociated with abnormal pulmonary flow patterns and the
evelopment of pulmonary AV fistula.11 Imaging was done
fter sequential injections of 99mTc-microspheres into upper
nd lower limb veins. In 31 of 46 patients, blood flow from
he superior vena cava (arm injection) drained preferentially
o the right lung, whereas blood flow from the inferior vena
ava (foot injection) drained equally to both lungs (Fig. 9).
ung perfusion scintigraphy after upper- and lower-extrem-

ty injections detected more abnormal pulmonary flow pat-
erns than contrast echo. In addition, the technique was able
o quantify right-to-left shunt volumes individually from the
uperior and inferior vena cava, a unique attribute compared
ith any other imaging method. Quantitative assessment of

elative pulmonary perfusion before and after percutaneous
ntervention for peripheral pulmonary artery stenosis12 has
ecome one of the most commonly ordered scintigraphic
rocedures for cardiovascular assessment in pediatric pa-
ients in our practice.

ssessment of
entricular Function

lthough radionuclide methods are well suited for the assess-
ent of ventricular size and function in congenital heart lesions,

hese methods have been largely replaced by echocardiography
n current clinical practice. Both first-pass and gated equilibrium

ethods for the determination of ejection fraction have been
alidated in the pediatric age group.13,14 Quantitative assess-
ent of absolute ventricular volumes15 and determination of

egurgitant fraction have been reported in children as well.16,17

or infants, the imaging is optimized with the use of a converg-
ng collimator to improve spatial resolution and increase the
ensitivity. It is feasible to measure ejection fraction even in tiny
remature infants with the use of the pinhole collimator.18 Ven-
ricular size and function evaluation is useful at rest and with
ynamic stress in a variety of congenital lesions, both before and
fter surgical correction.19,20 Residual structural and functional
bnormalities are very common and careful, long-term fol-
ow-up is important.

ssessment of
yocardial Perfusion

yocardial perfusion scintigraphy has been used for clinical
ssessment in children for a number of years.21,22 In the pediatric
atient, perfusion imaging has been most widely used for the
oninvasive identification of anomalous left coronary artery.23-26

o evaluate patients for possible anomalous left coronary artery,
perfusion tracer is injected intravenously, at rest, and images

re acquired in multiple planar projections, or single-photon
mission computed tomography imaging is done. The usual
natomy in this rather rare disease is for the left main coronary

rtery to arise from the main pulmonary artery. This situation a
an lead to regional ischemia and infarction of the left ventricle
s the result of low perfusion pressure from the pulmonary
rtery, which can create a coronary steal. Perfusion scintigraphy
ypically reveals a segmental perfusion abnormality at rest (Fig.
0). This pattern is useful for identifying anomalous left coro-
ary as opposed to myocarditis or cardiomyopathy as the etiol-
gy for poor ventricular function in infants. The condition is
ften associated with Q-waves on the electrocardiogram. Echo-
ardiography is sometimes able to identify the aberrant origin of
he left coronary; however, catheterization is required for con-
rmation. Multidetector computed tomography (CT) has
hown promise for the noninvasive detection of anomalous or-
gins of coronary arteries.27,28 Direct aortic implantation of the
nomalous coronary artery is the preferred approach to surgical
orrection.29,30

Another clinical condition for which perfusion scintigraphy
ay be useful is Kawasaki disease, or the mucocutaneous lymph
ode syndrome.31 This syndrome is associated initially with per-
istent fevers, rash, adenopathy, and mucus membrane abnor-
alities. Before the introduction of intravenous gamma globulin

herapy, as many as 20% of these patients developed aneurysms
f the coronary arteries. Treatment with gamma globulin within
0 days of the onset of the illness reduces the frequency of
oronary aneurysms to approximately 4%. Approximately 30%
o 50% of such aneurysms will spontaneously regress within the
rst 2 years of illness. The remaining aneurysms may later
hrombose and cause myocardial ischemia and infarction.32,33

ypass surgery has been advocated for some patients with ob-
ective evidence of ischemia.34

Assessment of myocardial perfusion is important in the
valuation and follow-up of patients with transposition of the
reat vessels that have undergone the arterial switch proce-
ure.35,36 Transposition of the great arteries is a lethal con-
enital malformation and represents the most common car-
iac cause of cyanosis in the neonate. Historically, left
ntreated, as many as 90% of infants with the condition died
ithin the first year of life.37 The prognosis for these infants,
owever, has been remarkably improved with the introduction
f palliative and corrective surgical techniques. Among the ear-
iest and most successful surgical procedures is a physiological
orrection of the circulation by redirecting the pulmonary and
ystemic venous returns to the appropriate ventricles using in-
ra-atrial baffles (Mustard or Senning Procedure).37 This atrial
witch operation has met with great success in the early opera-
ive period, and survival rates at 10 and 20 years postoperatively
f 90% and 80%, respectively.37 Enthusiasm for this approach
as been dampened somewhat because of concerns that the
ight ventricle may be unable to function successfully as the
ystemic ventricle for long periods of time.

Anatomic correction of transposition is now commonly
erformed.38 The procedure consists of switching the great
essels to the proper ventricles and reimplantation of the
oronary arteries to the newly formed aorta. The morpho-
ogic left ventricle then becomes the systemic pumping
hamber for which it is better suited. Although technically
emanding, the procedure is best performed during the neo-
atal period, before the regression of left ventricular mass as

result of the progressive decrease in pulmonary vascular
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390 M.W. Dae
esistance that occurs after birth. Alternatively, the left ven-
ricle can be conditioned to accept the high systemic vascular
esistance by performing pulmonary banding as an initial pro-
edure. Concerns have been raised since the inception of the
rterial switch procedure about the possibility that distortion or
rowth failure of the newly implanted coronary arteries may
esult in myocardial ischemia and possibly infarction.

Some studies suggest that coronary artery manipulation
nd reimplantation do not result in late myocardial perfusion
bnormalities, at least in those infants with successful initial
esults.38 However, large perfusion abnormalities have been
een in the territories of stenosed coronary arteries after the
witch procedure (Fig. 11).

onclusion
chocardiography, MRI and, more recently, multidetector CT,
ave lead to major advances in noninvasive image assessment of
natomy in pediatric cardiology. The radionuclide methods of-
en lack sufficient resolution to precisely characterize complex
orphology in congenital heart lesions. However, these meth-

ds provide accurate and reproducible quantitative assessment
f the physiological consequences of structural heart disease.
hese unique capabilities will continue to assure ongoing clini-
al relevance of radionuclide methodology, as is the case in the
ssessment of heart disease in adult cardiology.
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