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EDITORIAL COMMENT
Biventricular Repair or
Single-Ventricle Palliation
Can Cardiovascular Magnetic Resonance Flow
Imaging Help in Decision-Making?*
Inga Voges, MD,a,b Sylvia Krupickova, PHDc,d
I t continues to be a challenge deciding whether
patients with borderline hypoplastic left ventri-
cles (b-HLHS) will be suitable for a biventricular

repair (BVR) or if (long-/mid-term) survival can only
be reached with single-ventricle (SV) palliation. Until
recently, echocardiography has been the main imag-
ing modality used to address this issue in clinical
practice but has limitations as highlighted in a recent
review of older and newer echocardiographic predic-
tion models for BVR.1 Cardiovascular magnetic reso-
nance (CMR) imaging has gained some acceptance
as a tool for answering the question “BVR or SV palli-
ation?”, but the number of CMR or multimodality
studies (echocardiography and CMR) are relatively
small.2-4 In this issue of JACC: Advances, Kang et al5

provide new insights in the use of CMR flow imaging
in b-HLHS patients. In this retrospective study, the
authors demonstrate that CMR phase contrast flow
measurements in the ascending aorta may be helpful
for triaging patients to either BVR or SV palliation.5 In
addition, the presence of aortic coarctation with the
need for repair was associated with a better survival
and those patients without endocardial fibroelastosis
ISSN 2772-963X

*Editorials published in JACC: Advances reflect the views of the authors

and do not necessarily represent the views of JACC: Advances or the

American College of Cardiology.

From the aDepartment of Congenital Heart Disease and Pediatric Cardi-

ology, University Hospital Schleswig-Holstein, Kiel, Germany; bDZHK

(German Centre for Cardiovascular Research), Partner Site Hamburg/Kiel/

Lübeck, Kiel, Germany; cDepartment of Pediatric Cardiology, Royal

Brompton Hospital, London, UK; and the dNational Heart and Lung

Institute, Imperial College London, London, United Kingdom.

The authors attest they are in compliance with human studies

committees and animal welfare regulations of the authors’ institutions

and Food and Drug Administration guidelines, including patient consent

where appropriate. For more information, visit the Author Center.
were deemed more suitable for BVR.5 In the multivar-
iable Cox regression analysis, ascending aortic flow
of <1.5 L/min/m2 and not requiring aortic coarctation
repair were associated with a worse transplant-free
and SV pathway conversion–free survival.

The rather positive impact of aortic coarctation on
outcome can be explained by studies showing
different effects of coarctation and critical aortic
stenosis on the left ventricular myocardium.6,7

Whereas the hearts with aortic coarctation show
normal myocardial organization, the hearts affected
by congenital aortic stenosis are affected by variable
amount of fibrosis.6,7

Although this is a single-center retrospective study
with a relatively small number of patients, the results
contribute to the already existing literature and sug-
gest that CMR flow data should be considered in
decision-making in b-HLHS patients, and moreover,
they appear to be superior when compared with
volumetric analysis. Interestingly, no or only minor
correlation was found between ascending aortic flow
and end-diastolic left ventricular volume and mitral
and aortic valve Z-scores. This is not surprising as the
forward flow in the ascending aorta allows for
assessment of the true hemodynamics, including the
impact of multilevel left heart disease in the indi-
vidual patient.

Kang et al5 also confirm another important issue,
namely, that left ventricular volumes derived from
2-dimensional echocardiography are not well suited
for decision-making in b-HLHS patients.4 CMR is the
gold standard for ventricular volume measurements
using the Simpson’s method.8 Echocardiography
typically underestimates ventricular volumes, which
can result in triaging b-HLHS patients to SV palliation
who would otherwise be candidates for BVR.5,9 In fact,
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it is striking that based on the echocardiographic cri-
terion of indexed left ventricular volume $20 mL/m2,
83% of patients would have precluded from BVR in a
study by Kang et al. Three-dimensional echocardiog-
raphy and a thorough analysis of potential causes for
differences between CMR and echocardiography
might be an option to overcome the volumetric dif-
ferences.10,11 However, CMR still has the advantage to
provide unlimited planes not affected by imaging
windows, making it a very attractive and more
comprehensive imaging modality.

Nevertheless, studies have shown that other im-
aging and hemodynamic parameters can also improve
the prediction of long-/mid-term biventricular sur-
vival. Banka et al3 investigated b-HLHS patients who
underwent conversion from an SV to a biventricular
circulation and showed that CMR together with
echocardiographic parameters were helpful in pre-
dicting biventricular survival. The same group
demonstrated that elevated left ventricular end-
diastolic pressure was a risk factor for adverse
outcome and suboptimal hemodynamics after biven-
tricular conversion.12 Thus, a multimodality approach
in this complex and heterogenous group of patients
might be best for triaging children with b-HLHS to
either BVR or SV palliation. Finally, intracardiac
exploration should not be forgotten, as this can be
essential for making the “final” decision for the most
appropriate treatment.13

In summary, the study by Kang et al showed that
CMR flow imaging in the ascending aorta can make a
difference when dealing with the complex group of
patients with b-HLHS. Performing CMR scans in all
newborns and young infants with b-HLHS, as part of
an institutional protocol, appears to be a reasonable
approach. A combination of imaging modalities
including cardiac catheterization data is also advised
and should be considered in future scoring systems.
Furthermore, fetal CMR can provide information and
should be taken into account.14 There is also a
growing body of literature suggesting a positive
impact of fetal interventions on postnatal BVR in
select cases. Emerging technologies in fetal CMR
might be helpful, together with echocardiography,
in recognizing the most suitable patients and
optimal timing for this alternative approach,
enabling growth of the left heart myocardium.15

Finally, do not forget, although not scientifically
supported, sometimes it is useful to also incorporate
your gut feeling. Despite the difficulty treating b-
HLHS patients, Kang et al have provided additional
meaningful data that support the use of CMR in
decision-making.

FUNDING SUPPORT AND AUTHOR DISCLOSURES

The authors have reported that they have no relationships relevant to

the contents of this paper to disclose.

ADDRESS FOR CORRESPONDENCE: Dr Inga Voges,
Department of Congenital Heart Disease and Paedi-
atric Cardiology, University Hospital Schleswig-
Holstein, Arnold-Heller-Str. 3, Kiel 24105, Germany.
E-mail: inga-voges@t-online.de.
RE F E RENCE S
1. Cantinotti M, Marchese P, Giordano R, et al.
Echocardiographic scores for biventricular repair
risk prediction of congenital heart disease with
borderline left ventricle: a review. Heart Fail Rev.
Published online March 22, 2022. https://doi.org/
10.1007/s10741-022-10230-0

2. Bell A, Rawlins D, Bellsham-Revell H, et al.
Assessment of right ventricular volumes in hypo-
plastic left heart syndrome by real-time three-
dimensional echocardiography: comparison with
cardiac magnetic resonance imaging. Eur Heart J
Cardiovasc Imaging. 2014;15:257–266.

3. Banka P, Schaetzle B, Komarlu R, et al. Cardio-
vascular magnetic resonance parameters associ-
ated with early transplant-free survival in children
with small left hearts following conversion from a
univentricular to biventricular circulation.
J Cardiovasc Magn Reson. 2014;16:73.

4. Grosse-Wortmann L, Yun TJ, Al-Radi O, et al.
Borderline hypoplasia of the left ventricle in ne-
onates: insights for decision-making from
functional assessment with magnetic resonance
imaging. J Thorac Cardiovasc Surg. 2008;136:
1429–1436.

5. Kang S-L, Chaturvedi RR, Wan A, et al.
Biventricular repair in borderline left hearts—
insights from cardiac magnetic resonance imaging.
JACC Adv. 2022;1:100066.

6. Soveral I, Crispi F, Walter C, et al. Early cardiac
remodeling in aortic coarctation: insights from
fetal and neonatal functional and structural
assessment. Ultrasound Obstet Gynecol. 2020;56:
837–849.

7. Dusenbery SM, Jerosch-Herold M, Rickers C,
et al. Myocardial extracellular remodeling is
associated with ventricular diastolic dysfunction in
children and young adults with congenital aortic
stenosis. J Am Coll Cardiol. 2014;63:1778–1785.

8. Leiner T, Bogaert J, Friedrich MG, et al. SCMR
position paper (2020) on clinical indications for
cardiovascular magnetic resonance. J Cardiovasc
Magn Reason. 2020;22:76.
9. Simpson J, Lopez L, Acar P, et al. Threedimen-
sional echocardiography in congenital heart dis-
ease: an expert consensus document from the
European Association of Cardiovascular Imaging
and the American Society of Echocardiography.
J Am Soc Echocardiogr. 2016;17:S0894–S7317.

10. Kami�nska H, Małek ŁA, Barczuk-Falęcka M,
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