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ABSTRACT – Cavopulmonary shunts are the surgical procedures of choice for the correction of 
congenital heart diseases with univentricular physiology. Unfortunately, its beneficial effects are 
limited by the development of complications, notably the formation of pulmonary arteriovenous 
fistulas, which are related to the interruption of suprahepatic venous flow directed to the pulmonary 
circulation.
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RESUMO – As derivações cavopulmonares são os procedimentos cirúrgicos de eleição para correção 
de cardiopatias congênitas com fisiologia univentricular. Infelizmente seus efeitos benéficos são 
limitados pelo desenvolvimento de complicações, notadamente a formação de fístulas arteriovenosas 
pulmonares, as quais estão relacionadas com a interrupção do fluxo venoso supra-hepático direcionado 
para a circulação pulmonar.

Descritores: Fístula  arteriovenosa;  Técnica de Fontan; Cardiopatias congênitas; Artéria pulmonar

INTRODUCTION

Cavopulmonary shunts are the surgical procedures of choice for management of 
congenital heart diseases in patients with functionally univentricular hearts, and are 
associated with improved quality of life and longer survival.1 The Glenn procedure pro-
motes the formation of pulmonary arteriovenous fistulae (PAVF), leading to progressive 
systemic arterial unsaturation, polycythemia and increased risk of thrombosis.2

Restoration of suprahepatic venous drainage into the pulmonary circulation via 
the Fontan procedure is thought to induce the resolution of PAVF, which are often 
multiple and small.3

This article describes findings of sequential hemodynamic and angiographic stu-
dies of a patient followed for 7 years, prior to and after the Fontan operation, de-
monstrating the resolution of a large arteriovenous fistula in the middle lobe of the 
right lung. This research was approved by the Hospital das Clínicas of Faculdade de 
Medicina de Ribeirão Preto of Universidade de São Paulo (protocol 3.500.684, CAAE 
18655119.9.0000.5440).

CASE REPORT 

Male patient presenting with cyanosis from birth, diagnosed with mitral and 
pulmonary atresia by echocardiography performed at a hospital located at the pa-
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tient’s city of origin, and submitted to systemic-pulmo-
nary anastomosis in the first month of life at the same 
hospital. At the age of 2 years, the child was referred to 
our organization, where the correct echocardiographic 
diagnosis of situs solitus, ventricular inversion, univen-
tricular atrioventricular connection associated with tri-
cuspid atresia and ventriculo-arterial discordance with 
ventricular and atrial septal defects was given. At the 
age of 2 years and 3 months, surgical ligation of the sys-
temic-pulmonary anastomosis and pulmonary artery 
banding were performed, followed by pulmonary artery 
transection and bidirectional Glenn shunt 6 months la-
ter. Pre-Fontan hemodynamic assessment was carried 
out within 6 months of the Glenn operation, and revea-
led pulmonary artery pressure of 90×55 (66) mmHg and 
pulmonary vascular resistance of 7.04UW/m2, precluding 
the performance of the total cavopulmonary shunt pro-

cedure. The patient was then treated with sildenafil and 
scheduled for reassessment within 6 months. However, 
the family did not bring him for follow-up visits until 3 years 
and 11 months later, when mean pulmonary pressure con-
sistent with performance of a total cavopulmonary shunt 
(15mmHg) was recorded. The fenestrated Fontan proce-
dure was performed; however, severe hemodynamic ins-
tability with systemic arterial hypotension and drop in 
oxygen saturation from 88% to 66% occurred 9 days later. 
Cardiac catheterization revealed tight stenosis of the in-
ferior vena cava to extracardiac tube graft anastomosis, 
patent fenestration, multiple micro PAVF in both lungs, 
and a large fistula in the middle lobe of the right lung (Figu-
re 1). Anastomotic stenosis dilation was achieved with a  
39-mm Andra stent (Andramed®) (Figure 2), increasing 
systemic arterial oxygen saturation to 81% and reversing 
arterial hypotension.

Figure 1. Angiography 3 years after Glenn and 9 days after Fontan. (A) Injection in the superior vena cava demonstrating micro pul-
monary arteriovenous fistulas in the right lung. (B and C) Sequential images of selective injection in the middle pulmonary artery of 
the lung evidencing large pulmonary arteriovenous fistula. (D) Micro pulmonary arteriovenous fistulas in the left lung. (E) Obstruction 
of the extra-cardiac tube anastomosis with the inferior vena cava (red arrow) and fenestration of the extra-cardiac tube (white arrow).
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Progressive drop in arterial oxygen saturation (from 
81% to 70%) and polycythemia with hemoglobin concen-
tration of 18.1g/dL developed over the course of the next 
3 years, when he was followed up at the outpatients clinic. 
Echocardiography revealed persistent fenestration and 
percutaneous occlusion was therefore indicated. During 
this procedure, selective arteriograms of both pulmonary 
branches confirmed PAVF resolution, including the large 
right lobe fistula (Figure 3). Fenestration occlusion was 

achieved with a 5×6mm Amplatzer duct occluder (Am-
platzer Duct Occluder II, GA Medical Corporation®). Con-
trol angiography revealed lack of residual flow (Figure 4) 
and arterial oxygen saturation increased to 92%.

Non-implantation of occlusion devices at the time of ini
tial diagnosis, and temporary loss to follow-up (i.e., non-
attendance to scheduled follow-up visits) allowed the docu
mentation of development and subsequent resolution even 
of large PAVF following the Glenn and Fontan procedures.

A B

Figure 2. Dilatation of the obstruction in the anastomosis of the extra-cardiac tube with the inferior vena cava. (A) Implanted stent. (B) 
Control angiography.

Figure 3. Evaluation of pulmonary arteriovenous fistulas prior to fenestration occlusion. (A) Extra-cardiac tube angiography demons-
trating absence of pulmonary arteriovenous fistulas in both lungs. (B) Selective arteriography of the lower and middle lobe showing 
absence of the large fistula visible in figure 2.
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DISCUSSION

Glenn procedure, a step in staged transition to the Fon-
tan procedure with total cavopulmonary shunt, is thought 
to be an adequate palliative surgery promoting significant 
increase in arterial oxygen saturation without the typical 
volume overload of the systemic ventricle associated with 
the Blalock-Taussig and similar procedures.1 Unfortuna-
tely, benefits of this procedure are limited by PAVF develop
ment and resulting progressive drop in oxygen saturation 
and polycythemia, among other deleterious effects.2 The 
embryological origin of PAVF is related to the persistence 
and subsequent growth of small communications, which 
correspond to remnants of the fetal microvascular plexus.3 
Two factors may be considered in the etiopathogenesis 
of PAVF after the Glenn procedure: (1) the nonpulsatile 
flow from the venous anastomosis as the only source of 
pulmonary blood flow4 – FAVP involution is expected to 
occur soon after total cavopulmonary shunt operation; 
however, cases of late FAVP occlusion after the Fontan 
procedure with or without prior Glenn procedure have 
been reported;5 and (2) lack of hepatic anti-angiogenic 
factors and pulmonary circulation vasodilation inhibi-
tors potentially associated with imbalances between an-
giogenic and vasodilating factors.6,7 Scintigraphy studies 
revealed the development of PAVF in virtually all patients 
undergoing bidirectional Glenn operation.8

Redirection of the hepatic venous flow to the pulmo-
nary circulation is thought to induce PAVF resolution.2 The 
case described confirms this resolution and emphasizes the 
role of hepatic factors in the genesis of vascular malfor
mations after the Glenn procedure.

Total right heart bypass, often achieved via the Fontan 
operation, is an effective surgical procedure for correction 
of several complex congenital heart diseases, allowing the 
restablishment of in-series systemic-pulmonary circulations 
associated with univentricular hearts. Current periope
rative morbidity and mortality rates associated with the 
Fontan procedure are low; however, chronically elevated 
systemic venous pressure has negative impacts on several 
organs in the mid-term. Late pathological changes, such 
as protein-losing enteropathy, persistent pleural effusion, 
chronic liver disease, arrhythmias and plastic bronchitis, 
result in high morbidity and mortality.

Udeken et al.9 reported loss of post-Fontan surgery be-
neficial effects within 15, 20 and 25 years in 17%, 30% and 
44% of patients respectively, with progression to death or 
referral for heart transplantation as final outcomes. Elder 
et al.10 reported a 59.8% incidence of patients not progres-
sing to mortality or cardiac transplantation within 30 years. 
Most patients experiencing Fontan failure due to severe pa-
thologic changes in multiple organs are not eligible for cardiac 
transplantation, and progress to death in the short term.11 

Pulmonary arteriovenous fistula occlusion in patients 
submitted to the Glenn procedure should be limited to ca-
ses with marked arterial oxygen unsaturation, since these 
fistulae tend to resolve spontaneously after total cavopul-
monary bypass surgery, with return of oxygen saturation 
to values consistent with this condition.

Mid- to long-term effects of the Glenn procedure often 
prevent pathological changes in multiple organs resulting 
from elevated systemic venous pressure after the Fontan 
procedure. This management strategy may also allow timely 
cardiac transplantation to overcome the ventricular failure 

Figure 4. Occlusion of fenestration. (A) Amplatzer Duct Occluder II 5×6 mm (AGA Medical Corporation) (arrow). (B) Control angiogra-
phy demonstrating no flow at the prosthesis site (arrow).
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that tends to supervene in the third or fourth decade of life, 
decreasing the mortality rates commonly associated with 
this procedure. Development of PAVF with significant cya-
nosis in the mid-term after a Glenn procedure is the major 
limiting factor of this management plan. The occurrence of 
PAVF and related deleterious consequences are therefore 
robust indications for total cavopulmonary shunt. Deeper 
understanding of hepatic factors associated with angioge-
nesis regulation and scientific advances in their pharma-
cological modulation may help prevent PAVF formation, so 
as to allow partial cavopulmonary shunts to be maintained 
as an effective palliative therapy alternative for many years.
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