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Abstract

Background: Uniatrial biventricular connection (UBC) is a rare cardiovascular anomaly characterized by absence of
one atrioventricular connection and drainage of the other atrium via a solitary atrioventricular valve into both
ventricles. The absent atrioventricular connection may affect either the left or right atrium. Because of the absence
of one atrioventricular connection hearts with UBC have been classified among functionally univentricular hearts
requiring palliative treatment according to the Fontan principle.

Aims/objective: We report two further patients with UBC. In one of these patients careful echocardiographic
examination of the atrioventricular junction in early infancy revealed the possibility of biventricular repair based on
the favorable anatomy of the atrioventricular valve and balanced ventricles in the presence of an inlet ventricular
septal defect (VSD).

Case presentations: Both patients presented in the neonatal period for evaluation of complex congenital heart
disease. The anatomy of the atrioventricular valves in our patients was indistinguishable from atrioventricular septal
defects exhibiting the morphology of a common valve with superior and inferior bridging leaflets. The common
atrioventricular valve was connected exclusively to the right atrium draining into both ventricles while the left
atrium drained into the right atrium via a secundum atrial septal defect. In one of our patients biventricular repair
with good longterm-result was performed by reseptation of the atria, patch repair of the VSD and septation of the
atrioventricular valve. The second patient underwent univentricular palliation according to the Fontan principle.
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Discussion/conclusion: The echocardiographic findings in our patients suggest that at least some patients with
UBC represent a variant of atrioventricular septal defects associated with extreme ventriculoatrial malalignment
resulting in fusion of the deviated primary atrial septum with the lateral aspect of the atrioventricular junction. This
offers the option of septation of the common atrioventricular valve and biventricular repair in patients with
adequate size of both ventricles. Exact echocardiographic analysis of the morphology of the atrioventricular valve is
essential to distinguish these patients with a morphologically common atrioventricular valve in early infancy from
other variants of absent atrioventricular connection and to select those who are suitable for biventricular repair.

Keywords: Uniatrial biventricular connection, Atrioventricular septal defect, Ventriculoatrial malalignment,
Echocardiography, Congenital heart disease

Background/introduction
Hearts with UBC are characterized by the absence of
one atrioventricular connection while the other atrium
drains into both ventricles [1, 2]. The absent atrioven-
tricular connection may affect either the left or right
atrium. Since the contralateral atrium is draining into
both ventricles, these hearts also belong to the spectrum
of double outlet right atrium or double outlet left atrium
[1, 3, 4].
Because of the absence of one atrioventricular connec-

tion hearts with UBC have been classified among func-
tionally univentricular hearts [2]. In our paper we report
two further patients. Based on the favorable anatomy of
the atrioventricular valve and balanced ventricles in the
presence of an inlet ventricular septal defect (VSD) one of
these patients underwent successful biventricular repair.

Case presentations
Our first patient was born at term. Echocardiography in
the newborn period showed situs solitus, levocardia and
absent left atrioventricular connection. The right atrium
drained via a solitary atrioventricular valve into both
ventricles. The morphologic left ventricle was dominant
while the right ventricle was significantly hypoplastic

(Fig. 1a). Both ventricles communicated via a large inlet
ventricular septal defect. The atrioventricular valve had
striking similarity to the common atrioventricular valve
in patients with atrioventricular septal defect displaying
superior and inferior bridging leaflets (Fig. 1b). Both
atria were connected by an unrestrictive secundum atrial
septal defect. Ventriculoarterial connections were nor-
mal. In addition the child had valvular pulmonary sten-
osis and a left superior vena cava draining to the
coronary sinus. Right ventricular hypoplasia precluded
biventricular repair. At the age of 2 months she under-
went placement of a modified right Blalock-Taussig
shunt and transsection and closure of the main pulmon-
ary artery followed by creation of a bilateral bidirectional
Glenn anastomosis at the age of 6 months. Following
completion of the Fontan circulation performed with an
extracardiac tunnel at the age of 3.4 years the patient is
doing well at the age of 6 years.
Our second patient presented at the age of 8 days with

severe congestive heart failure. Echocardiography revealed
situs solitus, levocardia and absent left atrioventricular
connection (Fig. 2a, Video 1). The atrioventricular valve
was connected to the right atrium and drained into both
ventricles which were both of adequate size. The

Fig. 1 Apical 4-chamber view in patient 1 shows absent left atrioventricular connection, UBC, hypoplastic right ventricle and a solitary
atrioventricular valve straddling a large inlet VSD (a). The subcostal LAO-view (b) shows the morphology of a common atrioventricular valve with
a superior bridging leaflet (arrow) inserting to the right of the ventricular septum (asterix)
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atrioventricular valve had the features of a common atrio-
ventricular valve indistinguishable from patients with
atrioventricular septal defect exhibiting superior and infer-
ior bridging leaflets (Fig. 2b, Video 2). A large inlet VSD
connected both ventricles. Color Doppler revealed no sig-
nificant atrioventricular valve regurgitation and no pri-
mum ASD. The inferior portion of the atrial septum was
connected to the left lateral margin of the atrioventricular
junction. The left atrium drained via a nonrestrictive
secundum ASD. Ventriculoarterial connections were nor-
mal and without obstruction. The patient underwent pal-
liative pulmonary artery banding at the age of 3 weeks.
Biventricular repair and debanding of the pulmonary ar-
tery were performed at the age of 2 months. At surgery
the common atrioventricular valve presented an inferior
bridging leaflet adherent to the crest of the ventricular
septum while there was a large VSD underneath the su-
perior bridging leaflet. The superior bridging leaflet strad-
dled the ventricular septum inserting in a papillary muscle
at the right side of the septum (equivalent to Rastelli type
B of common atrioventricular canal) [5]. The inlet ven-
tricular septal defect was closed by a patch separating the
atrioventricular valve into two orifices. Following excision
of the atrial septum the atria were reseptated with a peri-
cardial patch. Because of the relatively small size of the left
atrioventricular valve the apposition zone (so-called
“cleft”) between the superior and inferior brigding leaflet
was only partially closed. The postoperative course was
uneventful. Follow-up examinations revealed unob-
structed venous flow from both atria and only mild left-
sided atrioventricular valve insufficiency (Fig. 2c). At the
age of 9 years the patient is in excellent clinical condition.

Discussion/conclusion
Hearts with UBC represent a rare but distinct cardiovas-
cular anomaly [2]. The largest series was published by

Kiraly et al. who collected a total of 14 postmortem
specimens from 3 institutions [2]. In this study 11 hearts
showed absent right while 3 had absent left atrioven-
tricular connection. The straddling atrioventricular valve
connecting one atrium to both ventricular chambers had
striking similarity to the common atrioventricular valve
of patients with atrioventricular septal defect [2]. The
authors of this study however suggested not to group
UBC among atrioventricular septal defects (AVSD):
They argued that a common atrioventricular valve char-
acterizing AVSD is an anatomic impossibility in patients
with absence of one atrioventricular connection.
Based on the experience in our patients and on previ-

ous reports in the literature we believe that the paradox
of one absent atrioventricular connection in the pres-
ence of an AVSD does exist. It can be explained as the
result of extreme ventriculoatrial malalignment (Fig. 3):
It is well known, that ventriculoatrial malalignment in a
subgroup of patients with AVSD may result in signifi-
cant leftward or rightward deviation of the atrial septum
[6, 8]. In this situation one atrium drains via the primum
ASD while the other atrium is connected via the com-
mon atrioventricular valve to both ventricles represent-
ing double outlet right or left atrium [3, 8, 9]. In the
majority of cases these patients present with partial
AVSD, leftward deviation of the atrial septum and intact
ventricular septum [6, 7, 10, 11]. Pronounced ventricu-
loatrial malalignment may even result in diminution in
size of the primum ASD with obstruction of the respect-
ive atrial outlet and subsequent development of postca-
pillary pulmonary hypertension [6, 12, 13]. Extreme
malalignment with fusion of the primary atrial septum
with the lateral aspect of the atrioventricular junction re-
sults in obliteration of the primum ASD, absence of one
atrioventricular connection and UBC (Fig. 3c). However
the morphology of the atrioventricular valve appears not

Fig. 2 In patient 2 the apical 4-chamber view demonstrates UBC with absent left atrioventricular connection and balanced ventricles (a) (Video 1). The
subcostal LAO view reveals a common atrioventricular valve with superior (arrow) and inferior bridging leaflets (b) (Video 2). The ventricular septum is
marked by an asterix. Following surgery the apical 4-chamber shows successful septation of the common atrioventricular valve (c)
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to be influenced by this malalignment. This explains the
striking similarity of the atrioventricular valve between
patients with AVSD and at least some of the patients
with UBC. These characteristics include the presence of
superior and inferior bridging leaflets with a line of co-
aptation perpendicular to the plane of the ventricular
septum and the presence of 4 or 5 valve leaflets [2].
These morphologic features were evident echocardiogra-
phically in both of our patients and confirmed by the in-
traoperative findings in our patient who underwent
biventricular repair.
It has been suggested to group all patients with UBC

among functionally univentricular hearts requiring uni-
ventricular palliation since biventricular repair appeared
impossible in the presence of a unilateral absent atrio-
ventricular connection [2]. However there are several re-
ports in the literature describing biventricular repair in
patients with UBC: In our second patient the morph-
ology of the atrioventricular valve corresponded with
type B of the Rastelli classification for common atrioven-
tricular canal, exhibiting superior and inferior bridging
leaflets with a large VSD located underneath the super-
ior bridging leaflet [5]. Following excision of the atrial
septum the AVSD was corrected by double patch tech-
nique. Westerman et al. reported successful biventricular
repair in a patient with UBC, common atrioventricular
valve and tetralogy of Fallot [14]. The atrial septum devi-
ated to the left resulting in absence of a primum ASD,
absent left atrioventricular connection and double outlet
right atrium. The morphology of the common atrioven-
tricular valve was classified as Rastelli type C [5]. Horiu-
chi et al. described successful biventricular repair in
another patient with UBC, L-loop double outlet right
ventricle and pulmonary stenosis [15]. In this patient the

right atrioventricular connection was absent and the
right atrium drained via a secundum atrial septal defect.
The morphology of the atrioventricular valve was de-
scribed as Rastelli type C [5]. Less detailed description of
the anatomy of the atrioventricular valve is provided in
the report of Stark et al. describing surgical repair in one
patient with complete AVSD and absent left atrioven-
tricular connection who underwent atrial reseptation
and repair of the AVSD by double patch technique [16].
Surgical repair in another patient with UBC and partial
AVSD was described by Corwin et al. [17]: In their pa-
tient with leftward deviation of the atrial septum and ab-
sent left atrioventricular connection the left atrium
drained via a secundum ASD. The atrioventricular valve
presented with two orifices while the ventricular septum
was intact. Surgical repair was achieved by excision of
the atrial septum and reseptation of the atria [17].
While it has been suggested to address the atrioven-

tricular junction in these patients as solitary and not as
common [1], the morphology of the atrioventricular
valve offers the possibility of treatment according to the
surgical techniques for repair of atrioventricular septal
defects. In the preoperative assessment it is essential to
discriminate patients with atrioventricular septal defect
and ventriculoatrial malalignment from patients with ab-
sent atrioventricular connection associated with strad-
dling of the mitral or tricuspid valve [18, 19]. This
differentiation is well possible based on transthoracic
echocardiography. Characteristic echocardiographic fea-
tures of AVSD are the presence of a morphologically
common atrioventricular valve exhibiting both left and
right components as well as superior and inferior bridg-
ing leaflets straddling the ventricular septum. While it
may be difficult to define this with certainty in the apical

Fig. 3 AVSD with normal orientation of the atrial septum (a). Atrioventricular malalignment with leftward deviation of the atrial septum results in
double outlet right atrium (b). Extreme atrioventricular malalignment and fusion of the septum primum with the lateral atrioventricular junction
results in UBC (c). (Redrawn according to [6, 7])
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4-chamber view (Video 1), the anatomy of the common
atrioventricular valve can be well displayed in the para-
sternal short axis view and in the subcostal views. Espe-
cially the subcostal LAO-view reveals the nature of the
common atrioventricular valve with its superior and in-
ferior bridging leaflets (Figs. 1b, 2b, Video 2). However
the option of biventricular repair depends not only on
the morphology of the atrioventricular valve but also on
the presence of two adequately sized ventricles and on
the nature of ventriculo-arterial connections. Clarifica-
tion of the anatomic details is essential during initial as-
sessment in the first weeks of life, since the decision for
univentricular palliation versus biventricular repair is
made in early infancy.
Echocardiographic evaluation of infants with absent right

or left atrioventricular connection should include the differ-
ential diagnosis of UBC with a morphologically common
atrioventricular valve. Univentricular palliation according to
the Fontan principle is associated with significant long-
term morbidity. If the presence of the common atrioven-
tricular valve is missed on echocardiography the respective
patient may be deprived of the option of possible biventri-
cular repair and its associated better long-term prognosis.

Supplementary information
Supplementary information accompanies this paper at https://doi.org/10.
1186/s13019-020-01099-x.

Additional file 1: Video S1. Apical 4 chamber view in patient 2
showing UBC with absent left atrioventricular connection. Both ventricles
are of equal size. Note the atrial septum connecting to the left lateral
aspect of the atrioventicular junction and the absence of a primum ASD.

Additional file 2: Video S2. The subcostal LAO view in patient 2
reveals a common atrioventricular valve with superior and inferior
bridging leaflets.
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