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Abstract

Background Double-inlet right ventricle is an extremely rare and complex cardiac malformation characterized

by the opening of both atria into the right ventricle and is usually associated with other major cardiac malformations.
In this case report, we have discussed an isolated case of double-inlet right ventricle without other malformations
and conducted a literature review to compare our case, which is the third in the medical literature, with previously
published papers on double-inlet right ventricle.

Case presentation A 2-month-old Syrian male infant was admitted to the cardiology department due to symptoms
of central cyanosis and failure to thrive. Echocardiography revealed double-inlet right ventricle with a hypoplastic

left ventricle from which the hypoplastic aorta emerged, while the pulmonary trunk emerged from the dilated right
ventricle. The child was sent abroad for the Norwood procedure.

Conclusion Although double-inlet right ventricle is a very rare malformation, it can be encountered in clinical prac-
tice and should be taken into consideration by practitioners. Clinical researchers should document and publish cases
of double-inlet right ventricle diagnosed to draw attention to this malformation and study it in greater depth.

Keywords Congenital heart defects (CHD), Double-inlet ventricle (DIV), Double-inlet right ventricle (DIRV), Norwood
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Background

Double-inlet ventricle (DIV) by definition is when both
atria empty into a single ventricle [1]. The incidence of
DIV is rare, affecting less than 1 per 10,000 live births,
and makes up about 1% of all congenital heart defects
(CHD) [1]. DIV classically presents with one large ven-
tricle and one small ventricle, which usually commu-
nicate with each other via a ventricular septal defect
(VSD) [1]. There are three morphological types of this
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malformation: double-inlet left ventricle (DILV; most
common), double-inlet right ventricle (DIRV; some-
times), and solitary ventricle of indeterminate mor-
phology (rare) [1]. DIRV is a rare cardiac malformation,
and one study reported an incidence of DIRV in 1 (2%)
of 50 patients with DIV [2]. Another study showed a
higher prevalence of DIRV in Chinese populations than
in Western populations [2]. It is noteworthy that DIRV
is often related to double-outlet right ventricle (DORV)
in literature, with one study finding that 71.4% of DIRV
cases in the study were associated with DORV [1, 2]. This
malformation can be diagnosed even before birth using
fetal echocardiography [1]. DIRV can be treated surgi-
cally in three stages, with the first stage being the Nor-
wood procedure, the second being the Glenn procedure,
and the third and final stage being the Fontan procedure,
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with special attention given to this condition because the
aorta arises from a hypoplastic left ventricle [1, 2]. In this
case report, we have discussed an isolated case of DIRV
without DORV in an infant.

Case presentation

A 2-month-old Syrian male infant was admitted to the
cardiology department due to symptoms of cyanosis and
failure to thrive. The patient’s mother, who was 26 years
old and mildly alcoholic, has a history of tension head-
aches that respond well to paracetamol, and she also has
a healthy 2-year-old daughter and has no history of mis-
carriages. Her pregnancy with the patient was complete
and uncomplicated, with a vaginal delivery at 39 weeks’
gestation at a small health center in her remote area.
On physical examination, the patient appeared to be in
poor general condition, suffering from respiratory dis-
tress, central cyanosis that increased during crying, and a
slightly swollen face. A 3/6 systolic murmur was heard in
the aortic focus during cardiac auscultation. Most of his
laboratory tests were normal. His pulse was 120 beats/
minute, and his systolic blood pressure was 75 mmHg.
Echocardiography showed both atrioventricular valves
opening into the right ventricle (that is, DIRV), hypoplas-
tic left ventricle (Fig. 1), inlet-type VSD (Fig. 2), moderate

Fig. 1 Echocardiogram shows that both the right and left atria open
into the right ventricle, while the hypoplastic left ventricle can be
clearly seen. MV mitral valve, TV tricuspid valve, LV left ventricle, RV
right ventricle, RA right atrium, LA left atrium
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Fig. 2 Echocardiogram shows the ventricular septal defect
in addition to the opening of the mitral and tricuspid valves
on the right ventricle. VSD ventricular septal defect

subaortic stenosis with a maximum velocity of 3.5 m/
second, hypoplastic aortic arch (Fig. 3), and descending
aorta, which is supplied via a patent ductus arteriosus
(PDA) with reversed flow (right-to-left shunt) (Fig. 4); a
well-functioning, dilated right ventricle; normal-sized
right and left atria, with mild regurgitation of the mitral
and tricuspid valves; and a small (4 mm) atrial septal
defect (ASD) (left-to-right shunt). Normal pulmonary
valve and dilated pulmonary artery showed no evidence
of transposition of the great arteries (TGA) (that is, ven-
triculoarterial concordance). The infant’s condition was
stabilized, and he was initially treated with heart failure
medications: metoprolol succinate 12.5 mg once daily,
spironolactone 6.25 mg once daily, and furosemide at a
loading dose of 1 mg/kg followed by a maintenance dose
of 0.25 mg/kg once daily. The infant was then referred
abroad for a Norwood procedure.

Discussion

In normal cardiac anatomy, there are distinct left and
right ventricles, each consisting of three segments:
inlet, apex, and outlet [1]. The ventricular septum sepa-
rates these chambers and houses the atrioventricular
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Fig. 3 Echocardiogram shows a hypoplastic aortic arch and dilated
pulmonary artery. AO aorta, PA pulmonary artery

conduction axis, but in DIRYV, the left ventricle is incom-
plete and lacks all its typical components [1]. DIRV
represents a less frequent morphological form among
the complex congenital heart abnormalities character-
ized by univentricular atrioventricular junction, a group
associated with significant mortality [1, 3]. This anom-
aly is defined as a rare congenital cardiac anomaly and
characterized by both atria draining into a single mor-
phological right ventricle through separate or common
atrioventricular orifices, typically receiving the tricuspid
orifice and, partially or completely, the mitral orifice [1,
4, 5]. This definition excludes conditions such as tricus-
pid or mitral atresia, atrioventricular canal defects, and
other anomalies that do not constitute true atrioven-
tricular orifices opening into the right ventricle [4]. The
characteristic anatomical features of DIRV include the
presence of an anterior papillary muscle, a grossly trabec-
ulated surface of the interventricular septum, the crista
supraventricularis formed by parietal and septal bands,
and a muscular infundibulum [4]. In approximately two-
thirds of cases with DIRYV, there is a concurrent associa-
tion with conditions such as DORV and malpositioning
of the great arteries (MGA) [5]. Our isolated DIRV case
is accompanied by a hypoplastic left ventricle, inlet-type
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Fig.4 Echocardiogram shows a large patent ductus arteriosus
that supplies the hypoplastic descending aorta. PDA patent ductus
arteriosus

VSD, small ASD, moderate subaortic stenosis, hypo-
plastic aortic arch, and descending aorta supplied via a
PDA exhibiting reversed flow (right-to-left shunt). This
anomaly is frequently associated with maternal preges-
tational diabetes, which increases the risk of its occur-
rence [1]. Epidemiologically, DIRV is more common in
the Chinese population, accounting for approximately 2%
of 50 patients reported to have DIV and 23 patients out
of 1640 with congenital heart abnormalities [2, 5, 6]. Pre-
natal diagnosis of DIRV has significantly improved with
advancements in imaging techniques, allowing for the
detection of this anomaly through fetal echocardiography
[1]. The four-chamber view on fetal echocardiography
typically shows a single ventricle without a ventricular
septum, necessitating the connection of both atria to this
single ventricle for a definitive diagnosis [1]. Symptoms
of DIRV include heart murmurs, cyanosis, and heart fail-
ure, which result from abnormal blood flow and pressure
dynamics within the heart [1]. Our 2-month-old Syrian
male infant presented with central cyanosis, respiratory
distress, a 3/6 systolic murmur in the aortic focus, and
failure to thrive. The echocardiography revealed partial
or complete opening of both atrioventricular valves into
the right ventricle, while the left ventricle was visible in
all cases even though it was noticeably underdeveloped
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[7]. The right ventricle was characterized by coarse apical
trabeculations, while the left ventricle was in a postero-
inferior position [5]. In our case, the echocardiography
showed both atrioventricular valves opening into the
right ventricle, moderate subaortic stenosis, and a hypo-
plastic aortic arch and descending aorta. DIRV must be
differentiated from situations in which there is mitral
or tricuspid stenosis, atrioventricular canal defects, or
the presence of additional valves [7]. Surgical repair is
required and consists of three stages. The first is the
Norwood procedure, which is defined as a surgical pro-
cedure performed to establish sufficient outflow to the
systemic circulation in individuals with systemic outflow
obstruction [8]. Mortality risk is related to anomalous
pulmonary venous drainage, moderate or severe atrio-
ventricular regurgitation, lower weight, and prematurity.
The increasing experience with the operation and pre-
natal diagnosis decreases the mortality [9]. The second
stage is a bidirectional Glenn shunt, which is a connec-
tion of (the end of) the superior vena cava (SVC) to the
superior aspect (side) of the ipsilateral pulmonary artery;
the superior cavopulmonary shunt drains the single ven-
tricle [10]. The third stage is the Fontan procedure, in
which total right atrial or total caval blood flow is chan-
neled directly into the pulmonary artery or into the small
right ventricle that serves only as a conduit [11]. In our
case, the patient was transferred abroad for a Norwood
procedure. By reviewing the literature, we found that
there are, to our knowledge, four case reports in the lit-
erature that record a case of DIRV, two of which differ
from our case in the anatomical details of the malforma-
tion; the first reported TGA associated with DIRV [12],
and the second reported a complete absence of the left
ventricle, compared with our case, which was not associ-
ated with TGA and had a hypoplastic left ventricle from
which the hypoplastic aorta arose [13]. The third and
fourth cases reported cases of DIRV that are anatomi-
cally similar to our case [14, 15], making our paper the
third paper in the literature that reports an isolated case
of DIRV without TGA or DORV.

Conclusion

DIRV is a complex and extremely rare CHD that poses
a major challenge in diagnosis and treatment. However,
the rarity of this defect and the lack of research papers
that record its diagnosis do not preclude the possibility
of encountering it during the clinical approach and radio-
logical diagnosis of an infant showing symptoms of severe
heart defect, which highlights the importance of the cor-
rect clinical approach and the use of advanced cardiac
imaging techniques by an experienced hand to develop
an early surgical treatment plan. Continuous research
and efforts to record DIRV cases and publish them in the
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medical literature are of utmost importance for a deeper
understanding of this defect and to improve treatment
methods and survival rates by enhancing cooperation
between pediatric cardiologists, cardiac imaging special-
ists, and cardiac surgeons.

Abbreviations

DIV Double-inlet ventricle

CHD Congenital heart defects

VSD Ventricular septal defect

DILV Double-inlet left ventricle

DIRV Double-inlet right ventricle
DORV  Double-outlet right ventricle
PDA Patent ductus arteriosus

ASD Atrial septal defect

TGA Transposition of the great arteries
MGA  Malpositioning of the great arteries
SvVC Superior vena cava

Acknowledgements

None.

Methods: This work has been reported in line with the case report (CARE) cri-
teria [16].

Author contributions
William Borghol, Faisal Alfaksh, Saja Karaja, Lyne Barakat, and Saleh Tak-
kem drafted the manuscript and revised it.

Funding
None.

Availability of data and materials
Not applicable.

Declarations

Ethics approval and consent to participate
Not applicable.

Consent for publication

Written informed consent was obtained from the patient’s father for publica-
tion of this case report and any accompanying images. A copy of the written
consent is available for review by the Editor-in-Chief of this journal.

Competing interests
None.

Received: 3 February 2025 Accepted: 2 May 2025
Published online: 17 May 2025

References

1. Bockenhoff P Hellmund A, Gottschalk |, Berg C, Herberg U, Geipel A,
Gembruch U. Prenatal diagnosis, associated findings, and postnatal
outcome in fetuses with double inlet ventricle (DIV). Ultraschall Med.
2023;44(5):2226-40. https://doi.org/10.1055/a-1866-4538.

2. KawahiraY, Uemura H, Yoshikawa Y, Yagihara T. Double inlet right ven-
tricle versus other types of double or common inlet ventricle: its clinical
characteristics with reference to the Fontan procedure. Eur J Cardiothorac
Surg. 2001;20(2):228-32. https://doi.org/10.1016/51010-7940(01)00805-3.

3. Paige SL, Yang W, Priest JR, Botto LD, Shaw GM, Collins RT, National Birth
Defects Prevention Study. Risk factors associated with the development
of double-inlet ventricle congenital heart disease. Birth Defects Res.
2019;111(11):640-8. https://doi.org/10.1002/bdr2.1501.


https://doi.org/10.1055/a-1866-4538
https://doi.org/10.1016/s1010-7940(01)00805-3
https://doi.org/10.1002/bdr2.1501

Borghol et al. Journal of Medical Case Reports (2025) 19:229

Munoz-Castellanos L, De la Cruz MV, Cieslinski A. Double inlet right
ventricle. Two pathological specimens with comments on embryology.
Br Heart J. 1973;35(3):292-7. https://doi.org/10.1136/hrt.35.3.292.
SpadottoV, Frescura C, Ho SY, Thiene G. The concept of double inlet-dou-
ble outlet right ventricle: a distinct congenital heart disease. Cardiovasc
Pathol. 2017,26:39-44. https://doi.org/10.1016/j.carpath.2016.09.003.
Shiraishi H, Silverman NH. Echocardiographic spectrum of double inlet
ventricle: evaluation of the interventricular communication. J Am Coll
Cardiol. 1990;15:1401-8.

Rao PS. Double-inlet left ventricle. Children (Basel). 2022;9(9):1274.
https://doi.org/10.3390/children9091274.

Keizman E, Mishaly D, Ram E, Urtaev S, Tejman-Yarden S, Tirosh Wagner T,
Serraf AE. Normothermic versus hypothermic norwood procedure. World
J Pediatr Congenit Heart Surg. 2023;14(2):125-32. https://doi.org/10.
1177/21501351221140330.

Bacha EA. Commentary: The Norwood operation from 1982 to 2019:
Continued surgical triumph or stagnation? J Thorac Cardiovasc Surg.
2019;158(1):230-1. https://doi.org/10.1016/j,jtcvs.2019.01.074.

Sharma R. The bidirectional Glenn shunt for univentricular hearts. Indian
JThorac Cardiovasc Surg. 2018;34(4):453-6. https://doi.org/10.1007/
$12055-018-0653-z.

. Boudjemline Y, Hijazi ZM, Sallehuddin A, Ghez O. Transcatheter Fontan

completion: creation of an extracardiac Fontan. Catheter Cardiovasc
Interv. 2024;104(2):264-71. https://doi.org/10.1002/ccd.31131.

Wu YL, Chen MR, Chiu IS, Chen BF. Subaortic blind mitral pouchin a
double-inlet right ventricle. Thorac Cardiovasc Surg. 1994;42(5):315-7.
https://doi.org/10.1055/5-2007-1016513.

Salazar J. Single right ventricle (double-inlet right ventricle). A
pathological specimen with comments on embryology. Acta Cardiol.
1975,30(1):49-57.

Cox JN. Proceedings: double inlet right ventricle. Arch Dis Child.
1975;50(8):665. https://doi.org/10.1136/adc.50.8.665-a.

Cox JN, Bopp P, Hauf E. Double inlet right ventricle. Report of a case

and review of the literature. Virchows Arch A Pathol Anat Histol.
1980;388(1):39-49. https://doi.org/10.1007/BF00430675.

Riley DS, Barber MS, Kienle GS, Aronson JK, von SchoenAngerer T, Tugwell
P Kiene H, Helfand M, Altman DG, Sox H, Werthmann PG, Moher D, Rison
RA, Shamseer L, Koch CA, Sun GH, Hanaway P, Sudak NL, Kaszkin-Bettag
M, Carpenter JE, Gagnier JJ. CARE guidelines for case reports: explanation
and elaboration document. J Clin Epidemiol. 2017,89:218-35. https://doi.
0rg/10.1016/jjclinepi.2017.04.026.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Page 5 of 5


https://doi.org/10.1136/hrt.35.3.292
https://doi.org/10.1016/j.carpath.2016.09.003
https://doi.org/10.3390/children9091274
https://doi.org/10.1177/21501351221140330
https://doi.org/10.1177/21501351221140330
https://doi.org/10.1016/j.jtcvs.2019.01.074
https://doi.org/10.1007/s12055-018-0653-z
https://doi.org/10.1007/s12055-018-0653-z
https://doi.org/10.1002/ccd.31131
https://doi.org/10.1055/s-2007-1016513
https://doi.org/10.1136/adc.50.8.665-a
https://doi.org/10.1007/BF00430675
https://doi.org/10.1016/j.jclinepi.2017.04.026
https://doi.org/10.1016/j.jclinepi.2017.04.026

	An isolated double-inlet right ventricular malformation: a case report and review of the literature
	Abstract 
	Background 
	Case presentation 
	Conclusion 

	Background
	Case presentation
	Discussion
	Conclusion
	Acknowledgements
	References


