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ABSTRACT

Background: This study aims to evaluate the cases of functional
univentricle with the diagnosis of double-inlet left ventricle-
ventriculoarterial discordance.

Methods: Between January 2010 and October 2014, a total of
34 patients (17 males, 17 females; median age 2.64 months;
range 1 day to 24 years) with double-inlet left ventricle-
ventriculoarterial discordance were analyzed retrospectively. The
demographic characteristics of the patients, echocardiographic
and hemodynamic measurements, invasive, surgical procedures
performed and their outcomes were reviewed.

Results: Of the patients, 24 had pulmonary hypertension with
arch obstruction in eight of them. Eight had pulmonary stenosis,
and two had pulmonary atresia. None of the patients had outflow
obstruction as assessed by echocardiography. Surgery was
performed in 25 patients. Of these, 14 patients underwent initial
pulmonary artery banding procedure and four of these also
underwent arch reconstruction. Bidirectional cavopulmonary
connection was performed in six patients, aortopulmonary shunt
in four patients, and the Norwood-type operation in one patient.
The median follow-up was 9.96 months (range 0.24 to 53.88
months). During follow-up, 12 patients underwent a bidirectional
cavopulmonary connection. Systemic outflow restriction did not
develop in any of the patients who were initially palliated with
pulmonary artery banding with or without arch reconstruction
and proceeded to the bidirectional cavopulmonary shunt stage.

Conclusion: Based on our study findings, although the primary
treatment strategy in patients with double-inlet left ventricle-
ventriculoarterial discordance displays a great variability,
aortopulmonary shunting or ductal stenting can be performed in
patients with restricted pulmonary blood flow, pulmonary artery
banding with or without arch reconstruction in patients with
unrestricted pulmonary blood flow. The Norwood type operation
can be performed initially in patients with bulboventricular
foramen restriction.
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Amag: Bu calismada ¢ift girisli sol ventrikuil-ventrikiiloarteriyel
diskordans tanil1 fonksiyonel tek ventrikulla olgular
degerlendirildi.

Calisma plani: Ocak 2010 - Ekim 2014 tarihleri arasinda
¢ift girigli sol ventrikul-ventrikuloarteriyel diskordansl
toplam 34 hasta (17 erkek, 17 kadin; ort. yas 2.64 ay; dagilim
1 gun-24 yi1l) retrospektif olarak incelendi. Hastalarin
demografik ozellikleri, ekokardiyografik ve hemodinamik
olcumleri, yapilan invazif, cerrahi islemler ve sonuglar:
gozden gecirildi.

Bulgular: Hastalarin 24'unde pulmoner hipertansiyon olup,
bunlarin sekizinde arkusta tikaniklik vardi. Sekizinde
pulmoner darlik ve ikisinde pulmoner atrezi mevcuttu. Hicbir
hastada ekokardiyografi ile degerlendirildigi izere, ¢ikim yolu
tikaniklig1 saptanmadi. Yirmi bes hastaya cerrahi yapildi.
Bu hastalarin 14’tune pulmoner arter bant islemi ve bunlarin
dordine ek olarak arkus rekonstritkksiyonu gerceklestirildi.
Alt1 hastaya iki yonlu kavopulmoner anastomoz, dort hastaya
aortopulmoner sant ve bir hastaya Norwood tipi cerrahi yapildi.
Medyan takip suresi 9.96 ay (dagilim 0.24-53.88 ay) idi.
Takip sirasinda 12 hastaya iki yonli kavopulmoner anastomoz
yapildi. I1k palyasyon olarak arkus rekonstritksiyonu ile birlikte
veya tek basina pulmoner arter bant yapilan ve iki yonla
kavopulmoner sant donemine gelen higbir hastada ¢ikim
yolunda sistemik darlik gelismedi.

Sonug¢: Calisma bulgularimiza gore, cift girisli sol ventrikul
ventrikulloarteriyel diskordansli hastalarda birincil tedavi
stratejisi buyuk farkliliklar gostermekle birlikte, pulmoner
kan akimi sinirli olan hastalara aortopulmoner sant veya
duktal stent uygulanabilirken, pulmoner kan akimi sinirli
olmayan hastalara arkus rekonstriiksiyonu ile beraber veya tek
basina pulmoner arter bandi uygulanabilir. Bulboventrikiler
foramen restriksiyonu olan hastalara ise ilk olarak Norwood
tipi cerrahi uygulanabilir.

Anahtar sozciikler: Cocukluk c¢agi; cift
ventrikiiloarteriyel diskordans.
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Double-inlet left ventricle (DILV) is the most
common form of the anatomic univentricular heart.!
A discordant ventriculoarterial connection is mostly
seen in the setting of a DILV with hypoplastic right
ventricle on the left side; however, a concordant
ventriculoarterial connection or a double-outlet from
the right or left ventricle can be also seen.*® Pulmonary
hypertension with aortic coarctation or the interruption
of the aorta often presents with a pathology in which
the systemic outflow traverses a bulboventricular
foramen, which has a propensity to narrow over time.
The restriction of the bulboventricular foramen and
subaortic obstruction is major complications in these
patients.[1%

Herein, we aimed to evaluate the patients with
functional univentricular heart with the diagnosis of
DILV- ventriculoarterial discordance (VAD).

PATIENTS AND METHODS

In this study, we retrospectively evaluated a total of
34 patients (17 males, 17 females; median age 2.64
months; range 1 day to 24 years) with DILV-VAD
between January 2010 and September 2014.

The echocardiographic evaluations, catheter
studies, and surgical reports were reviewed
retrospectively from the patient records. The
surgery types (aortopulmonary shunt, pulmonary
artery banding with or without arch reconstruction,
bidirectional cavopulmonary connection, etc.), timing

of procedures, and outcomes were noted.

The successive echocardiographic measurements
of the bulboventricular foramen/aortic annulus
ratio, the bulboventricular foramen area index,
and the gradient across the bulboventricular
foramen were recorded in the regularly followed
patients. Hypoplasia of the aortic arch and isthmus,
coarctation and associated cardiac findings were
also recorded.

Systemic outflow obstruction was defined as
a resting peak instantaneous gradient higher than
20 mmHg on echocardiography or a peak-to-peak
gradient higher than 10 mmHg with -cardiac
catheterization.”® The bulboventricular foramen was
consideredrestricted, ifthe ratio of the bulboventricular
foramen diameter to the aortic annulus diameter was
<0.5 or tended to be restricted, if the bulboventricular
foramen diameter to the aortic annulus diameter was
smaller than 1 or the bulboventricular foramen area
index was smaller than 2 cm?/m?.[>1%

Aortopulmonary shunt procedures were performed
by median sternotomy. Pulmonary artery banding
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procedures were performed by superior mini
sternotomy, left anterior thoracotomy, or median
sternotomy in patients requiring (arch reconstruction,
particularly. Pulmonary artery banding was
performed by fixing 3 mm thick silicone sheath to
the opposite sites of the pulmonary artery. Arch
reconstruction in patients with low arch Z scores
(under -2) and coarctation repair in case of a gradient
higher than 20 mmHg with diastolic continuity were
also performed. During the operation, the band was
tightened up to a level where pulmonary pressure
was 50% of systemic pressure with the room-air
oxygen saturation around 75%, while keeping the
near-infrared spectroscopy (NIRS) and hematocrit
level above 40% and central venous pressure around
10 mmHg.

Bidirectional cavopulmonary connection
procedure was performed after six months by
resternotomy. Some patients were operated on-pump,
while some of them off-pump. We performed
routine catheterization and evaluated pulmonary
artery pressures before bidirectional cavopulmonary
connection procedure. In patients with elevated
pulmonary artery pressure, particularly, in patients
who had previously pulmonary artery banding,
bidirectional cavopulmonary connection was
postponed and the catheterization procedure was
repeated after medical treatment or tightening of the
pulmonary band.

The study protocol was approved by the institutional
Ethics Committee. The study was conducted
in accordance with the principles of the Helsinki
Declaration.

Statistical analysis

Statistical analysis was performed using the
SPSS version 15.0 for Windows software (SPSS Inc.,
Chicago, IL, USA). Data were presented in median
(minimum-maximum) or mean = standard deviation.
Statistical significances of continuous variables were
determined by using non-parametric Mann-Whitney U
test, while categorical variables were analyzed by the
Fisher’s exact test. A p value of <0.05 was considered
statistically significant.

RESULTS

Abdominal and atrial situs were solitus in all of the
patients. The position of the heart was levocardia
in all, but one patient with mesocardia. Ventricular
looping was d-loop (right-handed) in 19 patients
(55.9%) and l-loop (left-handed) in 15 patients
(44.1%).
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Twenty-four patients had pulmonary hypertension,
eight had pulmonary stenosis, and two had pulmonary
atresia.

The sequential bulboventricular foramen diameter/
aortic annulus diameter ratio and gradient across the
bulboventricular foramen were recorded in regularly
followed-up patients. The mean initial bulboventricular
foramen/aortic annulus ratio was 0.9+0.2 (0.64-1.2),
and the mean initial bulboventricular foramen area
index was 1.71+0.88 cm?/m? (0.57-3.41). The mean
bulboventricular foramen/aortic annulus ratio was
0.91+0.35 (0.55-1.68), and the mean bulboventricular
foramen area index was 2.29+1.37 cm?/m? (1.03-4.79)
during follow-up. There were no statistically
significant differences between the initial and
follow-up bulboventricular foramen/aortic annulus
ratios and bulboventricular foramen area index values
(p=0.74, p=0.71, respectively).

None of the patients had a bulboventricular
foramen/annulus ratio of <0.5 on admission or before
any procedure. Similarly, none of the bulboventricular
foramen gradients were more than 20 mmHg on
admission or before any procedure.

Hemodynamic studies were performed in
16 patients, twice in four of the patients. Ductal
stenting was performed in two patients; one with severe
pulmonary stenosis. The stent was removed during
the bidirectional cavopulmonary shunting. The other
patient had pulmonary atresia; the stent was obstructed
for a short time period and an aortopulmonary
shunt was performed. A persistent left superior vena
cava occlusion with device at the drainage site to
the coronary sinus was performed in one patient,
before the bidirectional cavopulmonary shunting.
A balloon angioplasty for coarctation was performed
in one patient, and vasoreactivity was tested in four.
Vasoreactivity was also tested in two patients without
pulmonary stenosis who were diagnosed in the late
stage and in a patient with pulmonary artery banding
which would likely to be ineffective. After cathether
studies and vasoreactivity tests, these patients were
accepted as ineligible for surgery; therefore, medical
treatment was started. In addition, in a patient who
underwent persistent left superior vena cava occlusion,
a test occlusion with balloon and a vasoreactivity test
were performed to show the changes in pulmonary
artery pressure before occlusion.

Furthermore, 29 of 34 patients (85%) with DILV-
VAD were followed on a regular basis with a median
duration of 10.8 (range 2 to 53.88) months. Five
patients residing in distant regions were lost during
follow-up. Of these, three patients were lost after

bidirectional cavopulmonary connection with or
without pulmonary artery reconstruction, whereas
two patients were lost after pulmonary artery banding.
In addition, four patients died during follow-up. One
of these died two years after a shunt procedure with a
sudden hemodynamic deterioration and sepsis. Three
patients who underwent different operations died
during the early postoperative period in the intensive
care unit or ward stay. One of the patients died at
10 months of age, two weeks after the bidirectional
cavopulmonary connection operation, and another
died at two months of age in the second postoperative
day due to low cardiac output after pulmonary
artery banding. Another patient with transverse arch
hypoplasia and severe coarctation died at five months
of age due to sepsis before discharge, after the
Norwood-type operation.

Of the patients with DILV-VAD, 73.5% (n=25)
were operated immediately after the initial diagnosis
or during follow-up (Figure 1). Among 25 operated
patients, an initial shunt operation was performed in
four, pulmonary artery banding in 14, bidirectional
cavopulmonary connection in six, and Norwood-type
operation in one. The median age of initial palliation
was two (range 0.33 to 96) months.

Aortopulmonary shunting was performed in three
patients with severe pulmonary stenosis and one patient
with pulmonary atresia during the first month of age.
A Blalock Taussig-type systemic-pulmonary shunt was
performed to supply pulmonary blood flow in three
patients. In the last patient with pulmonary atresia,
a central shunt was performed, when our attempt for
ductal stenting failed. Subsequently, two patients with
systemic-pulmonary shunt underwent a bidirectional
cavopulmonary connection procedure.

Of the patients with DILV-VAD, eight had aortic
arch and isthmus hypoplasia during the initial
evaluation by echocardiography, which was also
confirmed by computed tomography. Initial palliation
with pulmonary artery banding was performed in
conjuction with aortic arch reconstruction in four of
these patients and together with main pulmonary artery
reconstruction in one of these four patients. In addition,
pulmonary artery banding without arch reconstruction
was performed in another patient after perioperative
re-evaluation of the arch and isthmus. Three of the eight
patients were scheduled for surgery (i.e., pulmonary
artery banding with arch reconstruction) and were kept
in the waiting list.

A patient with severe transverse arch hypoplasia
and coarctation who was late for pulmonary artery
banding underwent the Norwood-type operation of
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34 patients
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systemic outflow

through BVF)
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\ 4
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Four patients
died

Five patients
lost follow-up

Figure 1. Outcome and surgical data of patients with double inlet left ventricle and

ventriculoarterial discordance.

DILV: Double-inlet left ventricle; VAD: Ventriculoarterial discordance; BVF: Bulboventricular foramen; BCPC:
Bidirectional cavopulmonary connection; PAB: Pulmonary artery banding; RA: Right atrium; MAZE: Heart Surgery

for Atrial Fibrillation; PA: Pulmonary artery.

arch reconstruction with a right modified Blalock-
Taussig shunt to relieve severe obstruction.

The median age of pulmonary artery banding
in 14 patients was two (range 0.5 to 5) months.
Seven of these patients who had pulmonary artery
banding were reoperated and four of them had
bidirectional cavopulmonary connection (Figure 1).
Aortic coarctation developed in one of the patients
five months after the pulmonary artery banding
during follow-up and was repaired with an excision
and end-to-end anastomosis of the coarcted segment.
Two patients had tricuspid valve repair due to
severe tricuspid regurgitation and one of them had
an additional right atrial Maze procedure due to
intractable arrhythmia.

Bidirectional = cavopulmonary  connection
was completed in 12 patients during follow-
up (bidirectional cavopulmonary connection was
performed as initial operations in six patients).
The median age at the time of the bidirectional
cavopulmonary connection was 13 (range 8 to 156)
months. The initial bidirectional cavopulmonary
connection in one patient was completed to the Fontan
circulation. Bulboventricular foramen restriction was
not reported in any of the patients after the pulmonary
artery banding procedure.

Surgery was planned for six patients. The planned
procedures included pulmonary artery banding
and arch reconstruction for three of them and
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bidirectional cavopulmonary connection for the
other three patients.

DISCUSSION

Double-inlet ventricle in which a large ventricle,
mostly with the morphology of a left ventricle,
receives both atrioventricular valves and connects to
a hypoplastic ventricle through a ventricular septal
defect, is the most common form of the anatomic
univentricular heart.! In a morphologic study with 54
autopsied specimens and 43 clinical DILV patients,
Uemura et al.'!l reported that 64% had hypoplastic
right ventricle leftwards, while 36% had hypoplastic
right ventricle rightwards. They reported the most
common stereotype was clinically known as the
SLL (Situs solitus, L-looping ventricle, aorta is left
anterior to pulmonary artery) type; however, 45.7%
patients were SDD (Situs solitus, D-looping ventricle,
aorta is right anterior to pulmonary artery) with the
hypoplastic ventricle located anterosuperiorly and to
the right. In a study by Frescura and Thiene,!"” of the
hearts with DILYV, the atrial situs was mostly solitus
(in 29 of 35 cases) and the hypoplastic ventricle was
located anterosuperiorly and to the right in most cases
(in 23 of 29 cases). Consistent with these findings,
in our study, the atrial situs was also solitus in
all patients with DILV-VAD, while the hypoplastic
ventricle was located anterior and to the right of the
dominant morphological left ventricle (d-loop) in
55.9% of the patients.
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Heart defects characterized by excessive pulmonary
blood flow and hypoplasia of the aorta, such as DILV
or tricuspid atresia with ventriculoarterial discordance,
are pathologies in which systemic outflow traverses
through a bulboventricular foramen which tends to
narrow over time. The interventricular communication
frequently causes subaortic stenosis in the stereotypical
DILV with SLL.®!%8I Therefore, the main goal of
initial palliation in patients DILV-VAD should be to
relieve the arch obstruction and limit the pulmonary
blood flow, which can be achieved by pulmonary artery
banding with an arch reconstruction, or the Norwood-
type operation.'*5] Due to the heterogeneity of the
anatomic substrates and the difficulty in identifying
patients who would develop a foramen obstruction,
there are different approaches for palliation of these
patients.

In a study including 25 patients, Clarke et al.l'®!
evaluated the surgical outcomes of DILV and
I-transposition morphology. The authors reported that
they used arch repair and pulmonary artery banding
as initial palliation to delay the timing of a Damus-
Kaye-Stansel procedure or bulboventricular foramen
resection, until the bidirectional cavopulmonary
connection, which is the mainstay in the palliation of
these patients.””! Furthermore, they suggested that their
approach compared favorably with reported results for
the Norwood palliation.

The restriction of bulboventricular foramen
in DILV or tricuspid atresia with a discordant
ventriculoarterial connectionis aconditionrecognized
either at the time of the bidirectional cavopulmonary
connection procedure or at the completion of the
Fontan procedure.'” It was suggested that an
intervention to the ventricular outflow tract could
have been applied earlier and prophylactically, even
in those who did not eventually have the potential for
developing a subaortic stenosis; however, this remains
controversial B89 Alsoufi et al.’® reported the
outcomes of a staged palliation in single ventricle
patients who were at risk for systemic ventricular
outflow tract obstruction. Of the patients, 18 had
DILV-VAD. All patients underwent pulmonary artery
banding with or without arch repair and atrial
septectomy as the initial palliation, whereas the
Damus-Kaye-Stansel operation was performed in
all patients without any exception, even in those
without an outflow gradient during the time of the
bidirectional cavopulmonary connection operation.
The authors suggested that pulmonary artery banding
with or without arch repair and atrial septectomy as
the initial palliation had several advantages, mainly

avoiding a cardiopulmonary bypass in neonates,
as well as several drawbacks, most importantly
the possibility of ventricular hypertrophy which
might accelerate the narrowing of bulboventricular
foramen. In another study, Lotto et al.' evaluated the
outcomes of the Norwood procedures in 24 patients
with DILV-VAD who required arch repair. The
authors reported the early mortality rate as 21.6%
and 5-10 year survival rates as 72.8+7.4%. Ruzmetov
et al.?!! evaluated the outcomes of initial pulmonary
artery banding compared to the Norwood-type
reconstruction in neonates. They reported that,
although the Norwood-type reconstructions provided
an unobstructed systemic outflow tract by avoiding
the risk of heart block, freedom from any type of
re-intervention and survival was similar with both
procedures. Furthermore, in a case series including
15 patients, Odim et al.?? reported that 47% patients
did not develop subaortic obstruction following an
initial pulmonary artery banding and progressed to
a bidirectional cavopulmonary connection operation.

On the other hand, it may be challenging to
determine, if a bulboventricular foramen is
restricted or will be restricted, depending solely on
the pressure gradient across the bulboventricular
foramen, particularly in neonates with a patent ductus
arteriosus. The bulboventricular foramen area index
and bulboventricular foramen size, compared to
the aortic annulus, are recommended to follow the
foramen restriction.!”? In our study, no subaortic
obstruction was detected on admission. The majority
of the bulboventricular foramen area index values
were smaller than 2 cm?/m?, although all but two of
the bulboventricular foramen size/aortic annulus ratios
were higher than 0.5 without a gradient across the
bulboventricular foramen. This may suggest a high
risk for the development of bulboventricular foramen
restriction. Although all bulboventricular foramen
size/aortic annulus ratios during follow-up were higher
than 0.5 due to short follow-up period in our study,
it would be rational to consider that patients who did
not develop an obstruction might do so in the future;
therefore, close follow-up of the subaortic area should
be arranged for these patients.

In our clinic, pulmonary artery banding alone or
with arch repair for patients with arch obstruction
(unless severe atrioventricular regurgitation is present)
and aortopulmonary shunting or ductal stenting or
directly bidirectional cavopulmonary connection for
patients with restriction of pulmonary blood flow
were preferred as the initial palliation in patients with
DILV-VAD. Patients were selected for arch repair
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initially and followed by echocardiographic variables
indicating bulboventricular foramen restriction rather
than pulmonary artery banding with arch repair,
followed by the Damus-Kaye-Stansel procedure at
the time of bidirectional cavopulmonary connection
operation for all patients, as depicted in the literature.”
Only four of 14 patients with pulmonary artery banding
had arch repair initially, while none of the patients
who proceeded to the bidirectional cavopulmonary
connection required for the Damus-Kaye-Stansel
procedure or bulboventricular foramen resection, as
further confirmed by echocardiography. However,
the mean follow-up in our study was relatively
short. As reported in the literature, bulboventricular
foramen restriction is more frequent and develops
much earlier in cases of an association with an arch
pathology and systemic obstruction with gradient;
these patients need to be followed closely for
bulboventricular foramen restriction and ventricular
hypertrophy, as it unlikely to influence the long-term
outcomes without ventricular hypertrophy.?*-*! Arch
pathologies should be also detailed by computed
tomography imaging or angiographic procedures
in conjuction with sequential measurements of
echocardiographic Z scores.

Nonetheless, there are some limitations to this
study. First, it has a retrospective design. Second, due
to the rarity of these pathologies and as the Istanbul
Mehmet Akif Ersoy Thoracic and Cardiovascular
Surgery Center is a relatively new center, our sample
size was small with a short duration of follow-up.
Third, as the surgical treatment strategies may vary
depending on the surgeon, there is no specific therapy
paradigm for these patient population.

In conclusion, patients with a functionally single
ventricle, restricted or unrestricted pulmonary blood
flow require staged palliation which serves preliminary
steps to the Fontan operation. The treatment
strategy in patients with double-inlet left ventricle
with ventriculoarterial discordance displays great
variability. Aortopulmonary shunt or ductal stenting
can be performed in patients with restricted pulmonary
blood flow, while the Norwood-type operation can be
used initially in patients with unrestricted pulmonary
blood flow and bulboventricular foramen restriction.
In addition, pulmonary artery banding with or
without arch reconstruction can be the procedure
of choice in initial palliation in patients without
systemic outflow obstruction with lower morbidity
and mortality than in the Norwood-type operation.
Also, bulboventricular foramen restriction which may
develop over time in these patients can be handled by
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the Damus-Kaye-Stansel operation or bulboventricular
foramen resection which will be performed during the
bidirectional cavopulmonary shunt operation.
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