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Introduction

In Fontan patients, the persistence of ventriculopulmonary
flow is known to cause Fontan circuit pressure elevation and
early failure (1, 2). Recognizing this issue can be challenging,
until the failure is heralded. Early closure of the shunt may re-
store the hemodynamics. Here we describe the natural history of
untreated ventriculopulmonary shunts in the circulation and the
clinical benefits derived from transcatheter closure.

Case Report

This was a single center case-control study of all patients
with total cavopulmonary connection (TCPC) at the Yorkshire
Heart Centre between 2008 and 2017. In total, 111 TCPC's were
isolated. Four patients with a persistent ventriculopulmonary
shunt were identified.

The anatomy in patients 1, 2, and 3 was double-inlet left ven-
tricle with transposed great arteries. Patient 4 had tricuspid atre-
sia and transposed great arteries.

During the procedure, we accessed the right internal jugular
vein under ultrasound guidance. Initial hemodynamics were ob-
tained on 21% inspired oxygen, followed by an angiogram to delin-
eate the defect. The defect was then crossed from the pulmonary
artery. A Le Maitre balloon (Le Maitre Aortic Occlusion Catheter,
Le Maitre Vascular, Inc. Burlington, USA) was used to balloon size
at the narrowest point of the shunt. The elimination of the shunt
was confirmed with a simultaneous ventriculogram (Fig. 1). We re-
assessed the hemodynamics during balloon occlusion.

An ADO | device (Amplatzer ductal occlude |, Abbott Medical,
Plymouth, MN, USA) was deployed in all four cases. The size of
the device was 2-3 mm larger than the size of the defect. The de-
vices used were ADOI 10/8 mm in three patients and ADOI 14/12
mm in one patient (Table 1). No residual flow was detected on
angiogram post-deployment.

All patients had impaired exercise tolerance [New York Heart
Association (NYHA) class Ill]. One patient had liver disease, two
had protein-losing enteropathy (PLE), one had significant cyano-
sis secondary to free regurgitation in diastole from the pulmonary
arteries (PAs) tree to the single ventricle. A surveillance magnetic
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Figure 1. (a) The ventriculopulmonary shunt on posteroanterior
projection. (b) The ventriculopulmonary shunt on lateral projection.
(c) Balloon sizing of the ventriculopulmonary connection with
simultaneous ventriculogram and transoesophageal echocardiogram.
(d) Pre-deployment angiogram of the left pulmonary artery. (e) Post
deployment angiogram on lateral projection with ventriculogram.
(f) Post deployment angiogram on posteroanterior projection with
ventriculogram

resonance imaging (MRI) scan showed the defectin three patients.
In one patient, we diagnosed the defect during cardiac catheter-
ization to stent the TCPC conduit and confirmed it on MRI scan.

The mean follow-up period was 3 years. At 1-year postopera-
tively, the NYHA class of all patients improved from class Ill to Il.
We demonstrated significant change in the hemodynamics (Table
1). Both patients with PLE showed improvement in serum albumin
levels (pre-procedure 20 & 23 g/L to 25 & 43 g/L at 1 year). The
fourth patient referred for cyanosis and exercise intolerance ex-
hibited increase in saturations from 80% to 95%.

Discussion

In Fontan patients, the persistence of the ventriculopulmo-
nary shunt during the early postoperative period can result in
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Table 1. Patient's anatomy and condition
Anatomy Age at Interval since indication Condition Condition PA/PCW PA/PCW Device used size
procedure last surgery (years) pre-catheter post-catheter pressure pressure of shunt
(years) pre- (mm Hg) post- (mm Hg)
DILV, TGA 28 12 Liver disease NYHAZ3, liver disease, NYHA2 20/15 15/11 14/12 ADOl 8 mm 2:1
sats 94%
TGA, VSD, PS 6 5 Facial plethora, Failing Glenn TCPC 24/14 15/10 12/10 ADOI 9 mm
cyanosis
DILV, TGA 25 10 PLE Hypoalbuminaemia Albumin increased, 13/10 11/8 10/8 ADOI 7 mm
(20g/dl), mild ascites ascites resolved
DILV, TGA 20 10 PLE, Liver failure NYHAS3, ascites, No change 14/9 13/8 10/8 ADOI 7 mm
oesophageal varicies
TGA, VSD, 6 0 Desaturations,  Ventilated, iNQ, inotrops, Died 25/15 22/9 8/6 ADOI 5mm
DORV facial swelling oxygen saturations
60% failing Glenn
TA, TGA 27 22 Cyanosis exertional  Sats low 80s, NYHA3, NYHA2, sats 92%, 15/8 13/7 10/8 ADOI
dyspnoea atrial dysrhtymia dysrhtymia
DILV, TGA, PA band, TCPC: Double inlet ventricle, transposed great arteries, Pulmonary artery band, and Total Cavopulmonary connection.
TA, TGA, PA band, classical Fontan: Tricuspid atresia, transposed great arteries, Pulmonary artery band and classical Fontan.
PLE - protein losing enteropathy, NYHA: New York Hear Association, Alb - albumin, 0,- Oxygen, AF - atrial fibrillation, PAP/PCWP - pulmonary artery pressure/pulmonary capillary wedge
pressure, ADOI - Amplatzer Ductal Occluder I.

persistent pleural effusions or ventricular failure. Treatment of
this problem has rarely been reported in the literature (3) and has
not been adequately reported in adult congenital patients some
years after Fontan completion.

Out of the 111 TCPC patients, 58 had the diagnosis of trans-
posed great arteries; four patients from this group attracted our
attention due to persistent ventriculopulmonary connection. The
posterior and short main pulmonary artery, coupled with previous
operations and adhesions, could understandably pose a chal-
lenge to the surgeon to divide the main pulmonary artery safely
in all cases. While ligation could be adequate to stop the forward
flow, the flow may re-establish over the years, in our experience.

Some adult congenital patients have very limited imaging
windows on transthoracic echocardiography, highlighting the
importance of surveillance MRI scans and consideration of inva-
sive hemodynamic assessment for Fontan patients (4, 5).

Transcatheter closure of the residual ventriculopulmonary
shunt is a relatively uncomplicated procedure. Transesophageal
echocardiography and angiography to assess the morphology and
size of the defect were reportedly effective in a pediatric group (4).
In adults where imaging can be more challenging, we have found
that a Le Maitre balloon is very effective at sizing the defect and is
less likely to cause any dilatation of the ventriculopulmonary con-
nection compared with other sizing methods. There was a signifi-
cant hemodynamic improvement in all patients in our study.

Conclusion

Ventriculopulmonary connections may resurface during
adult life years after Fontan completion in a select group of pa-

tients. It is important to recognize this rare, but treatable, cause
of hemodynamic disturbance in Fontan patients using surveil-
lance MRI and vigilance. Transcatheter closure of ventriculo-
pulmonary shunt proved to be safe and effective clinically and
hemodynamically.

Informed consent: Not applicable.
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