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Abstract 

Background Achieving optimal hepatic factor distribution and total cavopulmonary resistance is crucial for long-
term outcomes in single ventricle palliation patients. Y-shaped Gore-Tex Fontan procedure redirects hepatic drainage 
to both the right and left pulmonary arteries. The aim of this approach is to achieve bilateral pulmonary distribution of 
hepatic factors and reduce the risk of arteriovenous malformations that can develop in single-ventricle patients.

Case presentation We present a unique case of a 20 years old female with symptoms of heart failure, who has a 
history of complex heterotaxy with polysplenia, interrupted Inferior vena-cava, and double outlet right ventricle with 
unbalanced atrio-ventricular septal defect, d-malposed great arteries, and pulmonary atresia. Fenestrated Y-shaped 
Gore-Tex Fontan procedure was successfully done which was confirmed by performing cardiac CT angiography.

Conclusions Studies have shown that achieving balanced hepatic factor distribution and low resistance in the Fon-
tan pathway can improve long-term outcomes. This procedure has demonstrated positive results in terms of oxygen 
saturation and reduced asymmetric blood flow distribution. 

Level of Evidence  Level 4, Case Report.

Keywords Y-shaped bidirectional Fontan graft, Cavopulmonary resistance, Multiplanar reconstructions, 
Arteriovenous malformation, Case report

Background
Single ventricle congenital heart disease presents 
unique and complex management challenges. To allevi-
ate volume overload on the ventricle as well as improve 

oxygen saturations, Fontan operation has become 
the mainstay of surgical palliation resulting in flow of 
all systemic venous flow directly to the lungs without 
first passing through the ventricle. It is used to treat a 
variety of complex congenital heart defects (tricuspid 
atresia, pulmonary atresia with intact ventricular sep-
tum, hypoplastic left heart syndrome, and double-inlet 
ventricle) [1]. It is a multi-stage procedure beginning 
with a connection of the SVC to the RPA (known as 
Glenn operation or partial cavopulmonary connection) 
around the age of 6  months and is followed by con-
nection of the IVC to the pulmonary arteries (Fontan 
operation or total cavopulmonary connection) [2] at 
2–3 years of age.
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Classic or atrio-pulmonary Fontan involves a direct 
connection of the right atrium to the main pulmo-
nary artery. Modified Fontan utilizes a cavopulmonary 
anastomosis along with a lateral tunnel in the right 
atrium or extracardiac Gore-Tex tube to allow IVC 
flow to pass to the pulmonary arteries. This helps to 
minimize increasing atrial dilatation and accompany-
ing problems, such as arrhythmias and thrombus for-
mation. Fontan operation requires ideal physiologic 
and anatomical factors including normal pulmonary 
vascular resistance and adequately-sized pulmonary 
arteries [3].

Case presentation
A 20-year-old female admitted with COVID, heart 
failure, AKI, transaminitis, and abdominal swelling, 
has a history of complex heterotaxy with polysplenia, 
interrupted IVC, and DORV with unbalanced AVSD, 
d-malposed great arteries, and pulmonary atresia 
most recently s/p Fontan using a 20  mm bifurcated 
and fenestrated Y-shaped Fontan, common AV valve 
repair, and RPA patch augmentation on 3/23/2015. 
Her history is also notable for sinus node dysfunction 
s/p dual-chamber pacemaker placement on 3/31/2015 

and Fontan fenestration occlusion using an Amplatzer 
device.

Upon admission, initial evaluation demonstrated sig-
nificant iron-deficiency anemia, particularly as it relates 
to a single ventricle patient with chronic desaturation, 
possible pacemaker-mediated tachycardia, moderate to 
severe AV valve regurgitation, and mild to moderate ven-
tricular dysfunction.

Inpatient care and management of COVID were 
recommended and electrophysiology consultation 
was requested to ensure normal pacemaker function. 
Iron repletion and pRBCs with a goal Hb of 12 mg/dl, 
CXR, KUB, and Abdominal US were ordered.

Cardiac CTA revealed left-sided isomerism with bilat-
eral left-sided bronchial anatomy and mild to moder-
ately depressed univentricular (UV) systolic function (EF 
40%). The SVC, which received venous drainage from an 
azygous continuation of the interrupted IVC, was seen 
to be baffled to the proximal RPA. Hepatic venous flow 
to both the RPA and LPA was accomplished through the 
Y-shaped extracardiac Fontan (Figs. 1, 2).

These connections were noted to be wide open with-
out evidence of obstruction. Multiple venovenous col-
laterals were noted within the mediastinum.

Fig. 1 Cardiac CTA curved MPR demonstrate Y-type Gore-Tex Fontan graft (Y letter) which appears patent (A & B). Single atrium (SA) receives 
venous drainage from fenestration occlusive device (arrow) within Fontan graft. Patent RPA and stent (B)
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Discussion
The unique concept of this case is the fenestrated 
Y-shaped Gore-Tex Fontan that redirects hepatic drain-
age to both the RPA and LPA. This unique approach has 
sparked interest among medical researchers who have 
been studying the various Fontan modifications that have 
been attempted in the past. Previous studies had sug-
gested that there were no substantial differences in over-
all prognosis between different Fontan modifications. 
However, recent research [4] has shown that the Y-shaped 
graft may be more beneficial than previously thought.

One of the key long-term ramifications of a total cavopul-
monary link, created during a Fontan procedure is the 
distribution of hepatic factors and total cavopulmonary 
resistance. The liver produces the precursors of angioten-
sin II and endostatin, which are respectively an agonist and 
antagonist of angiogenesis. In the normal cardiac system, 
the lungs are not exposed to high levels of angiotensin II. 
However, as per Hoffman’s demonstration [5], lungs of sin-
gle ventricle patients are exposed to high angiotensin II, 
which can lead to development of AVM in the lungs. Fur-
thermore, Field-Ridley et  al. [6] discovered that collagen 
XVIII, an endostatin precursor, is destroyed in the lungs. 
Because the pulmonary circulatory system suppresses 

Fig. 2 Cardiac CTA Curved MPR with (A) patent Fontan graft to LPA. (B) curved MPR with fenestration occlusive device (arrow) from Fontan to the 
single atrium (SA). F: Fontan graft. UV: univentricle

endostatin production from collagen XVIII, collagen XVIII 
levels rise while endostatin levels fall in FSV patients, 
resulting in angiogenesis. AVMs can cause right-to-left 
shunting, which can be detrimental to a patient’s health.

To prevent the development of AVMs, it is crucial to 
achieve bilateral pulmonary distribution of hepatic fac-
tors to both lungs. Achieving this balance is essential for 
the long-term success of single-ventricle palliation. Fur-
thermore, the total cavopulmonary resistance within the 
Fontan pathway is of utmost importance. The pathway 
that has the lowest resistance will reduce energy loss and 
ultimately result in a better prognosis for the patient [7].

One of the risk factors for developing a pAVM is a con-
genital cardiac defect, such as left isomerism or exclusion 
of the hepatic vein blood flow to the pulmonary circu-
lation. Additionally, even after a Fontan procedure has 
been performed, a pAVM can still develop if the hepatic 
flow is unevenly distributed. Therefore, it is essential to 
ensure that hepatic factors are distributed evenly to both 
lungs, and that the Fontan pathway has low resistance to 
prevent energy loss.

Kanter et  al. [8], Haggerty et  al. [9], and Yang et  al. 
[10] have reported positive results with the Y-graft Fon-
tan operation. Patients who underwent a Y-graft Fontan 
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revision had higher oxygen saturation at discharge, and 
asymmetric blood flow distribution was reduced. In addi-
tion, a quantitative simulation using CT and MRI showed 
positive hemodynamic results in patients who under-
went a Y-graft Fontan operation. These findings suggest 
that the Y-shaped Gore-Tex Fontan is a promising tech-
nique that can lead to improved long-term outcomes for 
patients with a functional single ventricle.

According to Tobin et  al.’s simulation experiment on 
T-shaped and three Y-shaped grafts [11], they discovered 
that the 12-mm Y-graft was the most energy-efficient. An 
8-mm graft had reduced wall shear stress distribution, 
which suggests a lower risk of thrombosis and endothelial 
injury due to shorter residence duration. Furthermore, the 
8 mm Y graft had a more even split of the pulmonary flow.

Ten children with single ventricle physiology were 
participating in an investigation by Javadi et  al. [12] to 
explore the flow dynamics using a computational  flow 
dynamics model. When compared to a traditional T 
graft, scientists discovered that a Y-shaped graft had 
much lower power loss and more evenly distributed 
hepatic flow.

Pre-surgical simulations carried out on 9 individu-
als in Lashkarinia et  al.’s Y transplant fontan study [13] 
revealed that flow from the hepatic veins (HEP) was 
not reaching the target lung. The HEP flow to the tar-
get lung was dramatically increased by the innovative 
Y-graft template. Depending on how HEP is positioned 
in relation to the azygos direct shunt, the flow pattern 
can change, going from 38% in the caudally situated 
direct shunt to 3% in the cranial configuration with dra-
matically reversed flow. In a one-year follow-up, post-
operative measures show that oxygen saturation rose 
significantly to normal levels.

Conclusions
• The Y-shaped Gore-Tex Fontan technique, which is 

a novel idea, redirects hepatic drainage to both the 
right and left pulmonary arteries.

• Previous research has found no significant differ-
ences in overall prognosis between various Fontan 
modifications. Recent study, however, suggests that 
the Y-shaped graft may be more advantageous than 
previously assumed. It is critical for the long-term 
effectiveness of single-ventricle palliation and the 
prevention of AVMs to achieve bilateral pulmonary 
distribution of hepatic components to both lungs.

• The distribution of hepatic components and total 
cavopulmonary resistance is two of the most impor-
tant long-term consequences of a total cavopulmo-
nary connection generated after a Fontan surgery.

• By minimizing unequal blood flow distribution 
and boosting oxygen saturation at discharge, the 
Y-shaped Gore-Tex Fontan technique has demon-
strated encouraging results in improving long-term 
prognosis for patients with a functioning single ven-
tricle. More study is needed to properly comprehend 
the procedure’s potential advantages.
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