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Abstract

Introduction: Congenital heart diseases (CHDs) are one of the most common birth

defects worldwide with a prevalence of 1%. CHDs can be classified into cyanotic

and acyanotic diseases based on the presence or absence of the characteristic bluish

discoloration of skin andmucusmembranes. A subset of cyanotic diseases is single ven-

tricle malformations. This group of disorders comprises 1% of all CHDs. A remarkable

yet rare and underreported entity of single ventricle malformations is combined tri-

cuspid atresia (TA) and atrioventricular (AV) septal defect which is characterized by

the anatomical features of both entities. Combined TA-AV septal malformation was

first anatomically described in 1953 and further explored through echocardiography

and cardiac catheterization in 1987 and then 1991. Since then, no studies have been

documented in the literature prompting us to share our findings.

Methods:Herein we are describing a rare and underreported cardiac lesion based of a

retrospective revision of medical charts at the American University of Beirut Medical

Center (AUBMC) Children’s Heart Center, a tertiary medical center in theMiddle East

Results: Out of 200 cases with confirmed single ventricle physiology, we identified a

few patientswith characteristics of combined TA-AV septal defect. Our patients exhib-

ited characteristic echocardiographic findings of primum ASD, VSD, atretic RAVV, and

clefted LAVV.

Conclusion: In short, TA-AV septal defect is a rare, underreported congenital malfor-

mation. Tracking our patients’ clinical profiles will help improve our understanding of

the prognosis of this entity. Our findings may also improve treatment modalities since

replacing the left-sided valve is often overlooked if the defect is inaccurately diag-

nosed. In addition, such findings can help shed light on the embryological development

of the rarely encountered variation of AV septal malformation.
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1 INTRODUCTION

Congenital heart diseases (CHDs) are one of the most common

birth defects worldwide with a prevalence of 1%1,2; however, their

prevalence and incidence are likely underestimated as these entities

commonly inducemiscarriages due to their incompatibility with life.3

A subset of cyanotic diseases is single ventricle malformations. This

group of disorders comprises 1% of all CHDs.4 Although there is still

debate around the nomenclature and classification of single ventricle

malformation, a proposed definition encompasses double inlet AV con-

nections, absence of one AV connection (mitral or tricuspid atresia),

common AV valve, and only one well-developed ventricle (unbalanced

common AV septal defect).5,6

We describe in this study an entity that combines the anatomical

and physiological functions of two cyanotic diseases to form combined

TA-AV septal defect. The atretic right valve and an inter-atrial con-

duit allow venous blood to by-pass the pulmonary circulation and feed

unoxygenated blood into the body. Furthermore, the left sided valve

more closely resembles a cleftedmitral valve than thephysiologic valve

which increases the risk of mitral regurgitation and possible surgical

intervention (Figures 1–2).

2 METHODS

This study is a retrospective chart review in which we explored

electronic health records and paper records at the Children’s Heart

Center at the American University of Beirut Medical Center. After IRB

approval was obtained, a retrospective chart review was conducted.

Inclusion criteria for this studywere: (1) children aged 0−18 yearswho

presented to the Children’s Heart Center at AUBMC and (2) children

diagnosed with single ventricle physiology. Out of a total of 200 cases,

F IGURE 1 Schematic representation of the differences between
partial AV septal defect and the combined TA-AV septal defect. (A) A
true partial AV septal defect whereby the right and left sided AV
valves are separated by a ring of tissue. (B) A combined TA-AV septal
defect characterized by a left sided AV valve and an atretic right sided
valve. AV, atrio-ventricular; AVSD, atrio-ventricular septal defect; CS,
coronary sinus; LAVV, left sided atrio-ventricular valve; RAVV, right
sided atrio-ventricular valve; TA, tricuspid atresia. Illustrated by Dr.
Issam El-Rassi.

F IGURE 2 The surgical viewpoint from the opened right atrium
showcasing the difference between a true AV septal defect and a
combined TA-AV septal defect. Illustrated by Dr. Issam El-Rassi.

F IGURE 3 Echocardiographic finding of our patient showcasing a
four-chamber view of the primumASD and the atretic right-sided
valve during diastole. ASD, atrial septal defect; LA, left atrium; LV, left
ventricle; RA, right atrium; RV, right ventricle. AUBMCChildren’s
Heart Center.

three cases were identified with the anomaly of interest, combined

TA-AV septal defect.

3 RESULTS

The identified cases yielded fromour study all share a unique combina-

tionof pathologies rarely encountered. Theydemonstrateda combined

atretic right valve and AV septal defect. These anatomical findings

were initially misdiagnosed as a simple TA during fetal ultrasound (US)

screening, however echocardiographic studies done at birth revealed a

concomitant AV defect leading to a postnatal diagnosis of a combined

TA-AV septal defect.

Echocardiographic images revealed a typical four-chamber view of

the heartwith a primumASDoverlying anAV septal divided in themid-

dle and a small VSD; the anatomy commonly encountered in AV septal

defects (Figures 3–4). The pathology also showed an atretic right valve

with a hypoplastic corresponding ventricle and a left-sided AV valve.
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F IGURE 4 Echocardiographic finding of our patient highlighting
the prominent ASD. ASD, atrial septal defect; LA, left atrium; LV, left
ventricle; RA, right atrium; RV, right ventricle. AUBMCChildren’s
Heart Center.

F IGURE 5 Echocardiographic finding of the left-sided valve. IBL,
inferior bridging leaflet; LML, left mural leaflet; MC, mitral cleft; SBL,
superior bridging leaflet. AUBMCChildren’s Heart Center.

The left-sided valve is composed of a left mural leaflet and two halves

of the inferior and superior bridging leaflets (Figure 5). With such

anatomy, this valve more closely resembles an AV septal than a normal

mitral valve. Physiological mitral valves are composed of a characteris-

tic fish-like appearance of anterior and posterior leaflets. Instead, the

resultant valve appeared to be composed of three leaflets—mural as

well as superior and inferior bridging leaflets. Furthermore, no patho-

logical features of the aortic and pulmonic vasculature were identified,

and the venous return to the heart was normal.

Atbirth, blood flowwasbeing shunted fromthe right atriumthrough

that ASD—bypassing the atretic tricuspid valve—into the left atrium

(Figures 6–7). After reaching the left ventricle, bloodwas shunted back

toward the right ventricle through the VSD (Figures 8–9). At around

F IGURE 6 Echocardiographic finding of our patient showcasing
the ASD and the left sided valvemovement during diastole. ASD, atrial
septal defect; LA, left atrium; LV, left ventricle; RA, right atrium; RV,
right ventricle. AUBMCChildren’s Heart Center.

F IGURE 7 Doppler ultrasonographic representation of the blood
flow through the ASD during diastole. ASD, atrial septal defect; LA, left
atrium; LV, left ventricle; RA, right atrium; RV, right ventricle. AUBMC
Children’s Heart Center.

the age of 5 months, our patients began requiring palliative cardiac

surgery (Glenn procedure) tomaintain systemic perfusion.

This finding complicated our patients’ anatomy and resulted in a

more challenging prognosis. Such cases increase the risk of mitral

regurgitation; however, no current studies suggest the need for correc-

tive surgery at this point.

4 DISCUSSION

TA and AV septal defects are both well-described entities that share

some of the physiological characteristics of single ventricle malforma-

tions. In the case of TA, the lack of blood flow to the right ventricle

disrupts its development resulting in a hypoplastic ventricle with a

singular left ventricular output. AV septal defects on the other hand
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F IGURE 8 Doppler ultrasonographic findings of our patient
showcasing blood flow through the inlet VSD during systole. ASD,
atrial septal defect; LA, left atrium; LV, left ventricle; RA, right atrium;
RV, right ventricle; VSD, ventricular septal defect. AUBMCChildren’s
Heart Center.

F IGURE 9 Doppler ultrasonographic findings highlight the blood
exchange through the inlet VSD between the left and right ventricles
during systole. LA, left atrium; LV, left ventricle; RA, right atrium; RV,
right ventricle; VSD, ventricular septal defect. AUBMCChildren’s
Heart Center.

are characterized by a single common atrioventricular valve with

concomitant ASD and VSD resulting in a left to right shunt. Other

rarer malformations—such as the combined TA-AV septal defect—

have not been well documented and optimal interventions are still

lacking. The earliest finding of this entity was reported in the 1950s

in the French literature by Metianu et al., however, no echocardio-

graphic images were presented.7 We were able to find a case report

dating back to 1987 through which Rao first described the case

of an 8-year-old boy presenting with cyanosis. Rao presented both

echocardiographic and angiographic findings which showed an “atri-

oventricular canal mimicking tricuspid atresia.”8 In another of the

earliest papers on the subject published in 1991, Van Praagh et al.

reported the echocardiographic findings of 11 cases of combined TA-

AV septal defect. Through their paper, they were able to demonstrate

the exact anatomical characteristics of the entity as well as outline the

clinical profile of their patients.9 The realization that nonewcases have

been reported since has prompted us to document the findings in our

hospital.

In our medical records search, we found 200 cases of patients with

single ventriclemalformations and found three patientswith combined

TA-AV septal defect. Our patients shared the unique echocardio-

graphic findings of a typical four-chamber view of the heart with a

primum ASD overlying an AV canal divided in the middle and a small

VSD; the anatomy commonly encountered in AV septal defects. The

pathology also showed an atretic right valve with a hypoplastic cor-

responding ventricle and a left-sided AV valve. The left-sided valve is

composed of a left mural leaflet and two halves of the inferior and

superior bridging leaflets. With such anatomy, this valve more closely

resembles a clefted mitral valve. The findings of Mitral Valve Cleft

(MVC), which is an anatomic cleft or split located in either the ante-

rior or posteriormitral leaflets,10,11 in our patients is striking especially

since MVCs are usually associated with complicated cardiac malfor-

mations such as secondary atrial septal defect, transposition of the

great arteries, endocardial cushion defect, patent ductus arteriosus,

tetralogy of Fallot, ventricular septal defect, and double outlet right

ventricle.12,13 Documenting the presence ofMVC and the proper diag-

nosis, with repeated examinations if needed, is crucial as MVC is at

times overlooked due to its associations with other cardiac anoma-

lies. Therefore, it must be suspected even if it is not apparent in initial

echocardiographic studies. MVCs are common correctable causes of

congenital mitral regurgitation (MR) and warrant surgical intervention

even if asymptomatic since an early repair may avoid risks of valve

replacement.11

We believe that such cases are generally overlooked and misclas-

sified as simple tricuspid atresia or simple AV septal malformation

leading to inadequate management. This becomes pertinent since the

combined valve offers a new unique anatomy as shown in the echocar-

diographic images.With the right side atretic, the left-sided valve does

not resemble the two-leaflet mitral valve normally associated with TA,

rather it more closely resembles only half of the common AV valve

normally seen in AV septal malformations. The resulting anatomy of

the left-sided valve is now composed of a mural leaflet and half the

superior and inferior leaflet. Compared with the normal mitral valve,

this valve more closely resembles the anatomy of MVC. Whether this

valve is truly an MVC rather than half a partial AV valve remains

open to interpretation. Nevertheless, this anatomic similaritywarrants

medical or surgical intervention as the likelihood of left-sided regurgi-

tation acutely, or stenosis chronically is elevated. Incorrectly diagnos-

ing a combined TA-AV septal defect in cases of left-sided regurgitation

results in only treating the right-sided valvewith little interventions on

the left side. In cases where the left side is devoid of any regurgitation

or stenosis, medical and surgical management do not differ from that

of isolated AVC defects.

With that being said, current treatment of TA-AV septal defects at

the Children’s Heart Center at AUBMC follows the same guidelines as

the treatment of patients with single ventricle physiology. This further

highlights theneed formore extensive studies to evaluate the etiologic,

prognostic and therapeutic aspects of this malformation.
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5 LIMITATIONS

Although this study provides valuable insight, it is important to

acknowledge its limitations as a retrospective chart review of a rare

medical entity. Due to the rarity of the condition and as expected,

the number of identified cases was limited despite the large sample

size. The findings and they should be considered as exploratory rather

than conclusive. To address the potential issue of incomplete medi-

cal records, we employed a strategy of cross-checking both paper and

electronic health records. Furthermore, as this entity has been rarely

defined and no current universal guidelines for diagnosis exist, we

relied on the clinical judgment of our providers to accurately document

this malformation. Despite these limitations, this study can serve as a

foundation for future research on this topic andmay help guide clinical

decision-making for similar cases.

6 CONCLUSION

In short, we described a rare and underreported congenital cardiac

malformation. Combined TA-AV septal defect is often misdiagnosed

as a simple TA or AV septal malformation, highlighting the impor-

tance of careful echocardiographic analysis. Anatomically, this entity

differs fromconventional AV septal defects by the absence of the right-

sided component. This study is limited by the small number of patients

detected with this anomaly which could be attributed to the rarity of

this entity. Therefore, further research andmore studies are needed to

thoroughly explore this entity.
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