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INTRODUCTION

Dextro-transposition of the great arteries (D-TGA) is a rare, cyanotic
congenital heart disease that affects 3 in 10,000 births.1 It accounts
for approximately 5% of all congenital heart disease and is the second
most common cyanotic heart disease, comprising 20% of cases. The
most commonly associated lesion is ventricular septal defect (VSD),
which occurs in 50% of patients. Other associated lesions are coro-
nary variations, left ventricular (LV) outflow tract obstruction, coarcta-
tion, pulmonary outflow tract obstruction, and mitral and tricuspid
valve abnormalities. Without surgical repair, D-TGA has a high infant
mortality rate within the first week of life. Fortunately, however, there
are excellent outcomes after surgical repair, specifically with the arte-
rial switch operation (ASO), with 15- to 20-year survival rates
> 95%.2,3 Routine multimodality imaging with transthoracic echocar-
diography (TTE), cardiac computed tomography (CCT), and cardio-
vascular magnetic resonance (CMR) or magnetic resonance
angiography (MRA) are complementary for surveillance of short-
and long-term postoperative complications.4 Long-term postopera-
tive complications found in the adolescent and adult population
include ventricular dilation and dysfunction, supravalvular pulmonary
stenosis (PS), branch pulmonary artery (PA) stenosis secondary to
LeCompte maneuver, neoaortic root dilation, neoaortic valve regurgi-
tation, and coronary stenosis and/or obstruction.5,6

CASE PRESENTATION

A 26-year-old man with a history of D-TGA and a subarterial VSD
underwent neonatal repair with patent foramen ovale closure,
VSD closure, and ASO at 10 days old in another country without
any reported complications. The patient had routine cardiology
follow-up until the age of 21, when they moved to the United
States, then reestablished care with our cardiology department at
the age of 26. They reported fatigue, decreased exercise tolerance,
and dyspnea with exertion and often felt that they could not keep
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up with friends. Vital signs were notable for heart rate 84 bpm, blood
pressure 154/62 mm Hg, and SpO2100%. ATTE was most notable
for severe aortic regurgitation (AR) with holodiastolic flow reversal
(HDFR) in the descending aorta and also revealed a mildly dilated
neoaortic root (4.1 cm) and moderately dilated proximal ascending
aorta (4.6 cm). The arch was not well visualized to rule out coarcta-
tion. The LV was normal size with mildly reduced systolic function
LV ejection fraction (EF) of 51%. The TTE also showed moderate
supravalvular neo-PS (peak/mean gradient 51/30 mmHg), mild pul-
monary regurgitation (PR), moderate tricuspid regurgitation, and
mildly reduced RV systolic dysfunction. The patient was started on
an angiotensin receptor blocker for hypertension and borderline
ventricular dysfunction.

Exercise VO2 test was performed to assess functional capacity, but
the test was suboptimal (respiratory exchange ratio 0.81) due to early
termination after 7 minutes from severe exercise-induced hyperten-
sion (peak blood pressure, 246/82 mm Hg). It was notable for
reduced VO2 23 mL/kg/min (45% predicted), 78% maximal pre-
dicted heart rate, and normal ventilatory efficiency (VE/VCO2 slope
= 26.7). The suboptimal heart rate and inadequate respiratory ex-
change ratio limit the interpretation of these data.

Cardiovascular magnetic resonance was obtained to further
interrogate the RV outflow obstruction, branch PAs, coronary ostial
anastomoses, and aortic arch for associated coarctation, quantify
valvular regurgitation, and confirm biventricular size/function.
Cardiovascular magnetic resonance revealed patent right and left
coronary arteries originating from the facing sinuses of Valsalva
(Figure 1). There was mild biventricular enlargement (RV end-dia-
stolic volume index 112 mL/m2, LV end-diastolic volume index
116 mL/m2) with low-normal RV EF of 46% and mildly reduced
LV EF of 50%. The branch PAs were anterior to and draped over
the aorta consistent with a history of LeCompte maneuver
(Figure 2). There was mild neo-PS and mild supravalvular PS with
a peak gradient of 30 mm Hg across the main PA (MPA) without ev-
idence of branch PA stenoses along with mild neo-PR (Videos 1-3).
The neo-AR was moderate with estimated regurgitant fraction 20%
and HDFR in the descending aorta (Figure 3). The neoaortic root
was mildly dilated, measuring approximately 38 mm. There was
no coarctation. The tricuspid regurgitation was moderate with an
estimated regurgitant fraction of 30%.

As may often be the case with eccentric AR, TTE and CMR were
slightly discordant in their qualification of the degree of AR with se-
vere AR noted on TTE and moderate AR on CMR. Four-dimensional
(4D) flow imaging better characterized the location of RV outflow
obstruction and found only combined moderate neo-PS and supra-
valvular PS. To reconcile the difference in degree of AR and to further
characterize the supravalvular PS in the setting of symptomatic func-
tional impairment, the patient was referred for a cardiac
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VIDEO HIGHLIGHTS

Video 1: CMR, balanced steady-state free precession

sequence, RV 3-chamber view, demonstrates combined valvular

and supravalvular PS with predominant dephasing jet appreci-

ated in the supravalvular area.

Video 2: CMR, 4D flow, oblique sagittal, outflow tract view,

demonstrates valvular/supravalvular PS (bright red) and AR.

Video 3: CMR, 4D flow, long-axis outflow tract view, dem-

onstrates moderate valvular/supravalvular PS with peak velocity

3.1 m/sec, peak pressure gradient 38 mm Hg.

Video 4: Two-dimensional TTE, subcostal long-axis view of the

LVoutflow tract, aortic valve, and aortic root, demonstrates the

neoaortic root and ascending aorta, but the dilation is out of

plane.

Video 5: Two-dimensional TTE, subcostal long-axis view with

color-flow Doppler, demonstrates AR.

Video 6: CMR, balanced steady-state free precession

sequence, LV long-axis cine view, demonstrates the dilated ne-

oaortic root with AR.

Video 7: CMR 4D flow, oblique sagittal aortic display, dem-

onstrates HDFR (vector arrows) in the descending thoracic aorta.

Video 8:CMR, 4D flow, superior axial view of the branch PAs

post LeCompte maneuver, demonstrates normal branch flow

without stenosis.

Video 9: Two-dimensional TTE, high parasternal, basal short-

axis viewwith color-flowDoppler of branch PAs post LeCompte

maneuver, demonstrates incomplete visualization of the branch

pulmonary arteries.

Viewthevideocontentonlineatwww.cvcasejournal.com.
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catheterization. Notable findings included a combined gradient across
the right ventricular outflow tract (RVOT) of 46 mm Hg (pullback
from MPA to RV: MPA 28/12/20 mm Hg, supravalvular pulmonary
root 64/12/35 mm Hg, RV 74/10 mm Hg), normal cardiac index
(4.5 L/min/m2), and low indexed pulmonary vascular resistance
(2.2 WUi). Angiography was remarkable for moderate (2+)
neo-AR, dilated aortic root, and no arch obstruction. Selective left
and right coronary angiography demonstrated reimplanted right
and left coronary arteries without stenoses. Right ventricular outflow
tract angiogram demonstrated no PR with predominant supravalvular
narrowing with the aforementioned gradient. Overall, cardiac cathe-
terization demonstrated moderate neo-PS and moderate AR.

Ultimately our patient elected transcatheter intervention of the
neopulmonary valve as the preferred option to defer surgical interven-
tion. Repeat cardiac catheterization with balloon angioplasty of the
supravalvular and valvar region of the MPA was then performed.
Compared to the prior catheterization, the hypertension was better
controlled, and consequently the total gradient across the RVOT
was significantly reduced. After balloon angioplasty, the total gradient
improvedwith no angiographic evidence of PR before or after balloon
dilation of the RVOT.
Currently, the patient remains on an angiotensin receptor blocker
with improved exercise tolerance and recovery of biventricular sys-
tolic function and is now able to run 2 to 3 miles without dyspnea.
DISCUSSION

Globally, a significant proportion of adolescents and young adults with
congenital heart disease are lost to follow-up. Lack of surveillance
monitoring of repaired congenital heart disease can lead to late detec-
tion of long-term postsurgical complications and increased mortality.
Upon reestablishing care, it is important to obtain baseline imaging
to confirm the anatomy and evaluate the stability of the surgical repair
to determine the necessity and timing of reintervention. Transthoracic
echocardiography remains the preferred initial diagnostic test.

According to the 2018 American Heart Association/American
College of Cardiology (AHA/ACC) guideline for the management
of adults with congenital heart disease (ACHD), interval follow-up
is critical for monitoring common complications after ASO including
supravalvular neo-PS, branch PA stenosis, neoaortic root dilation, neo-
aortic valve dysfunction, and ventricular dysfunction. As in this case,
the development of supravalvular PS is the most common postoper-
ative sequela, occurring in approximately 30% to 40% of patients,5,7

with frequent need for intervention. Supravalvular PS is related to sur-
gical technique and age at operation.8 Risk factors for the develop-
ment of supravalvular PS include pulmonary reconstruction with
patches, aortic arch anomalies, and VSD.9 Transthoracic echocardio-
gram is a good initial diagnostic test that can identify multilevel
RVOT obstruction using a combination of continuous-wave and
pulsed-wave Doppler. However, supravalvular PS may be difficult
to accurately interrogate and quantify on TTE due to limitations as-
sessing this postsurgical structure that is often immediately retroster-
nal. Additionally, branch PAs after the LeCompte maneuver are
challenging to image since they are ellipsoid with reduced anteropos-
terior dimensions compared with superoinferior dimensions.10

Multimodality imaging helps mitigate these limitations, as is demon-
strated in this case. Initially, TTE imaging led the ACHD cardiologist
to suspect the patient’s symptoms were driven by the left-sided hemo-
dynamic burden from AR. However, CMR imaging and 4D flow
quantification helped reclassify the AR as moderate and focus atten-
tion on the residual right-sided lesions. Cross-sectional imaging with
CMR or CCTaugments noninvasive evaluation of RVOTobstruction
by permitting three-dimensional (3D) reconstruction of levels of ste-
noses.11 Moreover, CMR with 4D flow permits integration of hemo-
dynamic information with the anatomical assessment without ionizing
radiation exposure.12

Additionally, CMR is a complementary diagnostic tool for charac-
terizing conotruncal defects as it offers multiplanar cine and flow im-
aging. Our patient’s neoaortic root dilation is another common
sequela of the ASO, occurring in approximately two-thirds of the pop-
ulation, with increased prevalence among those born with a VSD.13

The neoaortic root in D-TGA post ASO requires lifelong monitoring
as annual dilation is reported to be faster than that of the general pop-
ulation at a growth rate of 0.16 cm per year.14 There is no consensus
regarding elective aortic root replacement or neoaortic valve replace-
ment versus repair after ASO. Fortunately, despite neoaortic root dila-
tion and AR being common findings, the overall rate of aortic root and
valve reintervention remains low given no identified increased risk of
complications such as dissection or rupture beyond a certain diam-
eter.6 Thus, the timing and type of neoaorta and neoaortic valve rein-
tervention should be individualized.

http://www.cvcasejournal.com


Figure 2 CMR, 3D whole-heart MRA (noncontrast, free-breathing, diaphragmatic, navigator sequence, with axial reconstruction),
superior axial view, demonstrates the branch PAs post LeCompte maneuver draped over the aorta without significant anatomic
narrowing.

Figure 1 CMR, 3D whole-heart MRA (noncontrast, free-breathing, diaphragmatic, navigator sequence, with axial reconstruction) of
the left main coronary artery (A) and right coronary artery (B), demonstrates the origins of the reimplanted coronary arteries (arrows).
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Multimodality imaging can support the findings on TTE and
further guide clinical decision-making by providing double oblique
cross-sectional measurements of the neoaortic root, direct quantifi-
cation of AR, and accurate phenotyping of its hemodynamic conse-
quences with LV volumes, function, and tissue characterization
(Figures 4 and 5).

The TTE identified neoaortic root and ascending aortic dilation via
two-dimensional (2D) imaging planes (Figure 5, Videos 4 and 5).
However, a limitation of TTE is that diameters are measured in a
2D oblique plane. Therefore, they are subjected to increased variance
across serial measurements in repeat TTEs. Cardiac magnetic reso-
nance imaging allows for the neoaortic root diameter to be measured
in a double oblique plane allowing for more reliable 3D interpretation
of the measurement.

Quantification of the severity of the neosemilunar valves’ regurgi-
tation differed between TTE, CMR, and cardiac catheterization.
This difference is secondary to the imaging planes, eccentric direction
of the jets (AR), and subsequent splaying of the jet deep in the cavity
and the known discordance between modalities. The present case
nicely illustrates how eccentric AR jets in the setting of conotruncal de-
fects with aortic root dilation can be challenging to quantify on TTE
with a tendency to be overestimated in severity. An advantage of
CMR is that it offers the ability for direct quantification of semilunar
valve regurgitation by 2D and/or 4D phase contrast imaging
(Videos 6 and 7). Finally, the presence or absence of HDFR in the de-
scending thoracic aorta has been shown to be a useful marker of AR
severity and associated with adverse clinical outcomes.15

Multidisciplinary discussion initially concluded that elective surgical
repair could be considered given the multivalvular lesions on TTE and
decreased exertional tolerance; suggested repair would include neo-
aortic valve replacement, neopulmonary valvar and supravalvular
repair, PA plasty, and tricuspid valve repair. However, the patient
preferred to delay surgical repair and opted for transcatheter interven-
tion of the neo-PS. The 2018 AHA/ACC guideline for the manage-
ment of ACHD states catheter or surgical intervention for PS is
reasonable in adults with D-TGA after ASO with symptoms of heart
failure or decreased exercise capacity attributable to PS. Our TTE find-
ings coupled with CMR quantification of the RVOTobstruction and
the AR helped to guide this decision. While 2D TTE with color-flow
Doppler suboptimally evaluated the branch PAs, CMR was able to
confirm unobstructed PAs post LeCompte maneuver (Videos 8 and
9). Given the identification of predominantly supravalvular main



Figure 4 CMR 3D whole-heart MRA (noncontrast, free-breathing, diaphragmatic, navigator sequence, with axial reconstruction) ac-
quired in diastole, en face view of the neoaortic valve (A) and oblique coronal view (B) of the neoaortic root, demonstrates prominent
dephasing jet (arrows) angled toward the interventricular septum.

Figure 3 CMR, 4D flow, superior axial view (A) and time/volume curve analysis (B), demonstrates HDFR in the descending thoracic
aorta (arrow).
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neo-PS on CMR, we proceeded with transcatheter balloon angio-
plasty to this region. Noninvasive CMR imaging also confirmed patent
reimplanted coronary ostia, which helped with procedural planning
for transcatheter intervention.

We are pleased with our patient’s clinical improvement. We
continue to monitor functional status, residual lesions, and associated
hemodynamic consequences routinely with serial TTE comple-
mented with occasional CMR. Given that the patient is ACHD anat-
omy class III and physiologic class C, we encourage annual
surveillance visits with TTE and electrocardiogram and biannual visits
with cardiopulmonary stress testing and CMR per the 2018 AHA/
ACC guideline for the management of ACHD.6
CONCLUSION

Echocardiography remains an essential tool for routine surveillance of
long-term complications following surgical repair of D-TGA post
ASO. The addition of CMR helps further guide clinical decision-mak-
ing with regards to timing of catheter or surgical intervention.
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Figure 5 Two-dimensional TTE, parasternal long-axis view, demonstrates the dilated aortic root (measuring 41 mm).

166 Conrad et al CASE: Cardiovascular Imaging Case Reports
March 2024
REFERENCES

1. Parker SE, Mai CT, Canfield MA, ickard R, Wang Y, Meyer RE, et al. Up-
dated National Birth Prevalence estimates for selected birth defects in
the United States, 2004-2006. Birt Defects Res A Clin Mol Teratol 2010;
88:1008-16.

2. Hutter PA, Kreb DL, Mantel SF, Hitchcock JF, Meijboom EJ,
Bennink GBWE. Twenty-five years’ experience with the arterial switch
operation. J Thorac Cardiovasc Surg 2002;124:790-7.

3. Tobler D, Williams WG, Jegatheeswaran A, Van Arsdell GS,
McCrindle BW, GreutmannM, et al. Cardiac outcomes in young adult sur-
vivors of the arterial switch operation for transposition of the great arteries.
J Am Coll Cardiol 2010;56:58-64.

4. Cohen MS, Eidem BW, Cetta F, Fogel MA, Frommelt PC, Ganame J, et al.
Multimodality imaging guidelines of patients with transposition of the great
arteries: a report from the American Society of Echocardiography devel-
oped in collaboration with the Society for Cardiovascular Magnetic Reso-
nance and the Society of Cardiovascular Computed Tomography. J Am
Soc Echocardiogr 2016;29:571-621.

5. Warnes CA. Transposition of the great arteries. Circulation 2006;114:
2699-709.

6. Stout KK, Daniels CJ, Aboulhosn JA, Bozkurt B, Broberg CS, Colman JM,
et al. 2018 AHA/ACC guideline for the management of adults with
congenital heart disease: a report of the American College of Cardiol-
ogy/American Heart Association task force on clinical practice guidelines.
Circulation 2019;139:e698-800.

7. Khairy P, Clair M, Fernandes SM, Blume ED, Powell AJ, Newburger JW,
et al. Cardiovascular outcomes after the arterial switch operation for
D-transposition of the great arteries. Circulation 2013;127:331-9.
8. Swartz MF, Sena A, Atallah-Yunes N, Meagher C, Cholette JM, Gensini F,
et al. Decreased incidence of supravalvar pulmonary stenosis after arterial
switch operation. Circulation 2012;126(suppl_1):S118-22.

9. Sobczak-Budlewska K, qubisz M, Moll M, Moszura T, Moll JA, Korabiew-
ska-Pluta S, et al. 30 years’ experience with the arterial switch operation:
risk of pulmonary stenosis and its impact on post-operative prognosis. Car-
diol Young 2023;33:1550-5.

10. Hardy CE, Helton GJ, Kondo C, Higgins SS, Young NJ, Higgins CB. Useful-
ness of magnetic resonance imaging for evaluating great-vessel anatomy af-
ter arterial switch operation for D-transposition of the great arteries. Am
Heart J 1994;128:326-32.

11. Morgan CT, Mertens L, Grotenhuis H, Yoo SJ, Seed M, Grosse-
Wortmann L. Understanding the mechanism for branch pulmonary artery
stenosis after the arterial switch operation for transposition of the great ar-
teries. Eur Heart J - Cardiovasc Imaging 2017;18:180-5.

12. Demirkiran A, vanOoij P, Westenberg JJM, HofmanMBM, van Assen HC,
Schoonmade LJ, et al. Clinical intra-cardiac 4D flow CMR: acquisition,
analysis, and clinical applications. Eur Heart J Cardiovasc Imaging 2021;
23:154-65.

13. Gaur L, Cedars A, Diller GP, Kutty S, Orwat S. Management consider-
ations in the adult with surgically modified d-transposition of the great ar-
teries. Heart 2021;107:1613-9.

14. Co-Vu JG, Ginde S, Bartz PJ, Frommelt PC, Tweddell JS, Earing MG. Long-
term outcomes of the neoaorta after arterial switch operation for transpo-
sition of the great arteries. Ann Thorac Surg 2013;95:1654-9.

15. Kammerlander AA, Wiesinger M, Duca F, Aschauer S, Binder C, Zotter
Tufaro C, et al. Diagnostic and prognostic utility of cardiac magnetic reso-
nance imaging in aortic regurgitation. JACC Cardiovasc Imaging 2019;
12(8 Pt 1):1474-83.

http://refhub.elsevier.com/S2468-6441(23)00270-0/sref1
http://refhub.elsevier.com/S2468-6441(23)00270-0/sref1
http://refhub.elsevier.com/S2468-6441(23)00270-0/sref1
http://refhub.elsevier.com/S2468-6441(23)00270-0/sref1
http://refhub.elsevier.com/S2468-6441(23)00270-0/sref2
http://refhub.elsevier.com/S2468-6441(23)00270-0/sref2
http://refhub.elsevier.com/S2468-6441(23)00270-0/sref2
http://refhub.elsevier.com/S2468-6441(23)00270-0/sref3
http://refhub.elsevier.com/S2468-6441(23)00270-0/sref3
http://refhub.elsevier.com/S2468-6441(23)00270-0/sref3
http://refhub.elsevier.com/S2468-6441(23)00270-0/sref3
http://refhub.elsevier.com/S2468-6441(23)00270-0/sref4
http://refhub.elsevier.com/S2468-6441(23)00270-0/sref4
http://refhub.elsevier.com/S2468-6441(23)00270-0/sref4
http://refhub.elsevier.com/S2468-6441(23)00270-0/sref4
http://refhub.elsevier.com/S2468-6441(23)00270-0/sref4
http://refhub.elsevier.com/S2468-6441(23)00270-0/sref4
http://refhub.elsevier.com/S2468-6441(23)00270-0/sref5
http://refhub.elsevier.com/S2468-6441(23)00270-0/sref5
http://refhub.elsevier.com/S2468-6441(23)00270-0/sref6
http://refhub.elsevier.com/S2468-6441(23)00270-0/sref6
http://refhub.elsevier.com/S2468-6441(23)00270-0/sref6
http://refhub.elsevier.com/S2468-6441(23)00270-0/sref6
http://refhub.elsevier.com/S2468-6441(23)00270-0/sref6
http://refhub.elsevier.com/S2468-6441(23)00270-0/sref7
http://refhub.elsevier.com/S2468-6441(23)00270-0/sref7
http://refhub.elsevier.com/S2468-6441(23)00270-0/sref7
http://refhub.elsevier.com/S2468-6441(23)00270-0/sref8
http://refhub.elsevier.com/S2468-6441(23)00270-0/sref8
http://refhub.elsevier.com/S2468-6441(23)00270-0/sref8
http://refhub.elsevier.com/S2468-6441(23)00270-0/sref9
http://refhub.elsevier.com/S2468-6441(23)00270-0/sref9
http://refhub.elsevier.com/S2468-6441(23)00270-0/sref9
http://refhub.elsevier.com/S2468-6441(23)00270-0/sref9
http://refhub.elsevier.com/S2468-6441(23)00270-0/sref9
http://refhub.elsevier.com/S2468-6441(23)00270-0/sref10
http://refhub.elsevier.com/S2468-6441(23)00270-0/sref10
http://refhub.elsevier.com/S2468-6441(23)00270-0/sref10
http://refhub.elsevier.com/S2468-6441(23)00270-0/sref10
http://refhub.elsevier.com/S2468-6441(23)00270-0/sref11
http://refhub.elsevier.com/S2468-6441(23)00270-0/sref11
http://refhub.elsevier.com/S2468-6441(23)00270-0/sref11
http://refhub.elsevier.com/S2468-6441(23)00270-0/sref11
http://refhub.elsevier.com/S2468-6441(23)00270-0/sref12
http://refhub.elsevier.com/S2468-6441(23)00270-0/sref12
http://refhub.elsevier.com/S2468-6441(23)00270-0/sref12
http://refhub.elsevier.com/S2468-6441(23)00270-0/sref12
http://refhub.elsevier.com/S2468-6441(23)00270-0/sref13
http://refhub.elsevier.com/S2468-6441(23)00270-0/sref13
http://refhub.elsevier.com/S2468-6441(23)00270-0/sref13
http://refhub.elsevier.com/S2468-6441(23)00270-0/sref14
http://refhub.elsevier.com/S2468-6441(23)00270-0/sref14
http://refhub.elsevier.com/S2468-6441(23)00270-0/sref14
http://refhub.elsevier.com/S2468-6441(23)00270-0/sref15
http://refhub.elsevier.com/S2468-6441(23)00270-0/sref15
http://refhub.elsevier.com/S2468-6441(23)00270-0/sref15
http://refhub.elsevier.com/S2468-6441(23)00270-0/sref15

	Multimodality Imaging in Management of Adults with Dextro-Transposition of the Great Arteries Post Arterial Switch Operation
	Introduction
	Case Presentation
	Discussion
	Conclusion
	Ethics Statement
	Consent Statement
	Funding Statement
	Disclosure Statement
	Supplementary Data
	References


