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Improved Systemic 
Saturation after 
Ventricular Assist 
Device Implantation
in a Patient with Decompensated Dextro-Transposition 
of the Great Arteries after the Fontan Procedure

We report the successful implantation of a HeartMate II left ventricular assist device  
after a failed Fontan procedure in a patient with dextro-transposition of the great arteries. 
The patient had developed significant intrapulmonary arteriovenous shunting. Despite 
the theoretical risk of worsening intrapulmonary shunting due to the decrease in systemic 
vascular resistance after device implantation, our patient did well. He was discharged from 
the hospital in stable condition and had better oxygen saturation than before the device 
was implanted. To our knowledge, ours is the 2nd report of the use of a ventricular assist 
device after the failure of a Fontan procedure, and the first report concerning the effect 
of ventricular assist device implantation on intrapulmonary shunting. (Tex Heart Inst J 
2015;42(1):40-3)

T ransposition of the great arteries (TGA), which has a prevalence of 1 in 4,000 
live births, is one of the most frequently diagnosed congenital cyanotic lesions.1 
After birth, the discordant atrioventricular connection creates parallel pulmo-

nary and systemic circulations, and survival is dependent on the intracardiac mixing 
of blood.2 In dextro-transposition, the pulmonary conus is absent and the subaortic 
conus does not resorb, resulting in the aorta’s arising from the right ventricle, because 
it is positioned too anterior and rightward of the pulmonary artery. This condition 
is often associated with ventricular septal defect and pulmonary stenosis or atresia.
 Surgical techniques that have been developed to improve outcomes in patients with 
TGA include pulmonary artery ligation, the Glenn and Mustard operations, and, for 
more complex intracardiac lesions (as in our patient), the Fontan procedure. Regard-
less of the surgical technique used to palliate TGA, patients can develop symptoms 
of congestive heart failure later in life from various causes, but mainly from failure of 
the systemic ventricle.3,4 The prevalence of these complications is higher for patients in 
whom TGA is associated with other intracardiac lesions.4 Medical therapy might be 
effective in managing symptoms for a period of time. In some cases, another palliative 
procedure may be performed. When medical and surgical therapies fail, the only op-
tions for patients are mechanical circulatory support and cardiac transplantation. We 
report the case of a patient who presented with decompensated dextro-TGA (D-TGA) 
with systemic desaturation and a previous Fontan operation. The only treatment op-
tion to support the patient safely and effectively was to implant a left ventricular assist 
device (LVAD).

Case Report

In 2011, a 23-year-old man was admitted to our hospital with decompensated heart 
failure. He had a history of D-TGA, type I inlet ventricular septal defect, atrial septal 
defect, a large atrioventricular canal defect, and subpulmonic stenosis. He had previ-
ously undergone placement of an aortic–pulmonary shunt as an infant and a Glenn 
anastomosis at about 3 years of age. At the age of 5 years, he underwent a modified 
nonfenestrated Fontan procedure with placement of a right atrial-to-pulmonary artery 
conduit.
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 Shortly after his hospital admission, the patient de-
veloped cardiogenic shock and had to be intubated for 
severe respiratory distress. Echocardiograms revealed 

interval worsening of the patient’s systemic ventricular 
ejection fraction (Fig. 1). Angiograms showed acquired 
pulmonary arteriovenous (AV) malformations, which 
were a result of the cavopulmonary (Glenn and Fontan) 
shunt. Hemodynamic evaluation revealed equalized 
pressure in both ventricles (Fig. 2); the morphologic left 
ventricle mainly generated the systolic pressure, whereas 
diastolic f illing occurred through the Fontan circula-
tion back to the morphologic left atrium. The results of 
cardiac catheterization showed that the Fontan conduit 
was unobstructed, and there was no evidence of baffle 
obstruction or leaks.
 The AV malformations played a substantial role in 
the patient’s systemic desaturation. His hospital stay was 
complicated by multisystem organ failure. Because the 
main outlet for both ventricles was the aorta arising from 
the right ventricle, the LVAD was implanted into the 
main systemic ventricle—the morphologic left ventricle 
in our patient. (Because of his many comorbidities and 
the large size of the AV canal defect, biventricular repair 
was not attempted.) In July 2011, the patient underwent 
HeartMate II® implantation (Thoratec Corporation; 
Pleasanton, Calif ), even though there was concern 
that his pulmonary AV shunting might worsen after 
device implantation. He uneventfully recovered, was 
discharged from the hospital in stable condition, and 
had better oxygen saturation than before the device was 
implanted (Table I). Thereafter, he underwent LVAD 
support as an outpatient and was monitored regularly 
in our clinic.

 In September 2014, the patient underwent orthotopic 
heart transplantation, immediately after sustaining a 
stroke while on extracorporeal membrane oxygenation 
support. As of January 2015, he was living at home and 
was physically capable but had some residual neurologic 
effects from the stroke.

Discussion

Multiple cases of successful HeartMate II implantation 
have been reported in patients with D-TGA, a history of 
a Mustard procedure, or congestive heart failure from 

Fig. 1  Echocardiogram shows the complex anatomy and the 
position of the inlet cannula after its insertion into the anterior 
ventricle.

Fig. 2  Diagram of the heart with hemodynamic data shows 
equalized pressure in both ventricles. 
 

Vo2 = oxygen consumption

TABLE I. Arterial Blood Sampling Before and After LVAD 
Implantation

 Before LVAD After LVAD 
      Value Implantation Implantation

pH 7.42 7.49

Pco2 (mmHg) 34 39

Po2 (mmHg) 38 47

O2 saturation (%) 74.4 86.4
 
LVAD = left ventricular assist device

86/72

85/70

88/3, 10

89/2, 10

7f

Cardiac index = 1.9 L/min/m2

Cardiac output = 3.2 L/min
Estimated VO2 = 139 mL/min/m2
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systemic right ventricular dysfunction.5-7 Here, we 
report the successful implantation of a HeartMate II 
LVAD in a patient with D-TGA after a Fontan opera-
tion who had developed significant intrapulmonary AV 
shunting. Despite the theoretical risk of worsening the 
shunting because of the decrease in systemic vascular 
resistance after HeartMate II LVAD implantation, our 
patient did well.
 Survival rates after surgical repair for D-TGA are 
generally good, and severe complications, such as supra-
ventricular tachycardia or failing Fontan circulation, are 
more likely to occur late—up to 20 years after correc-
tion.8 Diffuse pulmonary AV fistulas, another potential-
ly fatal complication, can develop after cavopulmonary 
anastomosis or the Fontan procedure.9 In all of these 
cases, heart failure is typically the ultimate result.
 Recently, LVAD support has taken on a role in the 
treatment of patients with corrected congenital cardiac 
defects who have developed advanced heart failure. 
These devices have been shown to provide satisfactory, 
safe circulatory support as a bridge to transplantation or 
recovery in pediatric and adult patients.5,10-13

 Keeping pulmonary vascular resistance low is a factor 
in the success of ventricular assist device (VAD) sup-
port, including in those patients with complex congeni-
tal heart disease.7 In our patient, who had developed 
multiple AV malformations after a Fontan procedure, 
our concern that shunting would worsen after VAD im-
plantation was not realized, and his oxygen saturations 
actually improved.
 Pulmonary blood flow distribution is not necessarily 
even between the right and left lung in patients with 
TGA. The pattern of preferential blood flow to either 
lung can also change after surgical correction.14,15 This 
change plays an important role in the development of 
shunts and pulmonary venous hypertension. In a single 
cohort of TGA patients with cavopulmonary shunts, 
two thirds developed subclinical pulmonary AV fistu-
las. However, only half of them presented with symp-
tomatic hypoxia.16 This clinical problem was of interest 
to investigators, who described the usefulness of contrast 
echocardiography and perfusion scans in locating and 
defining the extent of these pulmonary shunts.16,17 In se-
lected cases involving isolated shunts, investigators have 
suggested coiling, embolization, or both as a therapeutic 
option.17 In more diffuse cases, this approach has result-
ed in short-term improvement but subsequent deteriora-
tion of oxygen saturation and recurrent shunting.9 In the 
report of these cases, the authors speculated that their 
patients’ pulmonary AV shunts had worsened because 
of nonpulsatile f low in the cavopulmonary conduits. 
Our case does not support this hypothesis, because our 
patient’s oxygen saturation improved remarkably with 
the use of a continuous-flow VAD. Multiple factors are 
implicated in the origin of AV f istulas; however, the 
exact mechanism is not yet well defined.

 Morales and co-authors18 were the first to report the 
use of an intracorporeal systemic VAD in the long-term 
support of a patient who had a failing Fontan circula-
tion. We think that ours is the 2nd report of the use of 
a VAD after the failure of a Fontan procedure, and the 
first report concerning the effect of VAD implantation 
on intrapulmonary shunting.
 We are encouraged by the postimplantation result in 
this patient, especially because many more patients with 
TGA are reaching the 20-year follow-up mark. In those 
who have had a Fontan procedure and need VAD im-
plantation, extreme caution should be used with regard 
to the anatomy of the right ventricle and baffle. It might 
also be necessary to resect right ventricular trabecula-
tions to facilitate adequate placement of the inflow can-
nula.
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