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The association of biliary atresia (BA) with congenital heart diseases has been extensively described, and there are a number
of reports on the outcomes of patients in this group who undergo liver transplantation (LT). The intraoperative management
and the timing of LT for patients with end-stage liver disease are matters of debate, especially when complex heart diseases
are involved. This report describes the outcome after LT for a pediatric recipient with BA and hypoplastic left heart syndrome.
The patient underwent Norwood-Sano and Glenn procedures for heart palliation before LT. He was cyanotic, was severely mal-
nourished, and had complications secondary to chronic liver failure. At the time of transplantation, the child was 16 months old
and weighed 5175 g. Despite the critical clinical scenario and the long hospitalization period, there were no cardiac, vascular,
or biliary complications after LT. At the age of 48 months, the patient was awaiting the final cardiac repair. In conclusion, the
presence of complex cardiac malformations may not be a contraindication to LT. An experienced surgical team and a multidisci-
plinary approach are key to a successful outcome. Liver Transpl 19:322-327, 2013. © 2013 AASLD.
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Biliary atresia (BA) is the main indication for liver
transplantation (LT) in children,! and it can be
associated with other congenital anomalies.? Case
reports®* and small series’ have described the asso-
ciation of BA with other congenital heart diseases
(CHDs), but to our knowledge, there is no report of
the association of hypoplastic left heart syndrome
(HLHS) with BA and LT. Patients with HLHS are
usually diagnosed in wutero. After birth, these
patients can undergo a 3-stage surgical palliation
treatment.® After stages I (the Norwood procedure)
and II (bidirectional Glenn palliation), the patients

continue to be cyanotic. During stage III (the Fontan
operation), when the children are 2 to 3 years old,
the final arrangement for the single-ventricle path-
way is established.® The interstage period is associ-
ated with significant mortality.”® These children are
challenges for noncardiac surgical procedures
because the single-ventricle physiology responds
poorly to abrupt hemodynamic changes®® such as
those occurring in the setting of LT.° This report
describes the association of BA and HLHS in an
infant undergoing LT after successful stage II pallia-
tion for HLHS.
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CASE REPORT

The child was born with HLHS (Fig. 1A) and BA. Four
days after birth, he underwent the Norwood-Sano
procedure (Fig. 1B), which created a systemic-to-
pulmonary artery shunt in order to improve the
pulmonary blood flow as well as an unobstructed sys-
temic outflow through a neoaorta.® Five months later,
he underwent the bidirectional Glenn procedure (Fig.
1C), which relieved the overload on the single ventricle
with a cavopulmonary anastomosis. After the proce-
dure, the patient remained cyanotic as expected.®
Between these surgical repairs to his heart, he under-
went portoenterostomy at the age of 3 months. The
Kasai procedure failed, and the patient evolved with
cirrhosis and portal hypertension and presented with
recurrent episodes of cholangitis and gastrointestinal
bleeding. Additionally, the patient was malnourished
(height/age z score<—2.5) with hypoparathyroidism,
osteopenia, and multiple pathological bone fractures.

Because of refractory gastrointestinal bleeding and
sepsis, he was referred to our hospital at the age of 11
months to be evaluated for LT. His blood test results
on admission were as follows: total bilirubin, 21.8
mg/dL; aspartate aminotransferase (AST), 430 IU/L;
alanine aminotransferase (ALT), 819 IU/L; gamma-
glutamyltransferase, 3106 IU/L; hematocrit, 47%; pro-
thrombin time, 21.1 seconds; international normalized
ratio, 1.7; and albumin, 2.5 g/dL. He was on mechani-
cal ventilation with a fraction of inspired oxygen of
100% and a pulse oximetry of 92%. Echocardiography
revealed a hypoplastic mitral valve and left ventricle
(LV), a systemic ventricle with preserved contractile
function, a patent neoaorta, and a patent cavopulmo-
nary anastomosis. At a multidisciplinary meeting, LT
surgeons, hepatologists, cardiologists, critical care
specialists, and anesthesiologists discussed the feasi-
bility of performing orthotopic liver transplantation
(OLT) and decided to include the patient on the liver
waiting list. A living donor was not available. After 5
months of hospitalization, he underwent OLT with a
reduced size graft from a pediatric deceased donor.

The liver allograft was preserved with histidine tryp-
tophan ketoglutarate solution at 4°C. The liver was
reduced on the back table to a final weight of 280 g.
The graft-to-recipient weight ratio was 5.4%, and the
implanted graft included segments II, III, and IV and
the caudate lobe.

At the time of transplantation, the patient was 16
months old and weighed 5175 g. His weight/age and
height/age z scores were both equal to —3. The opera-
tive findings included extensive adhesions from the
previous surgery, a moderate amount of ascites, and
cirrhosis. The liver was removed without preservation
of the retrohepatic vena cava (the standard tech-
nique). The decision to not use the piggyback tech-
nique was made intraoperatively because of technical
difficulties, and the consequences of cross-clamping
were weighed against the risk of additional bleeding.
However, the patient tolerated the clamping period
well. Graft implantation was accomplished in a stand-

Figure 1. From inborn disease to the heart anatomy after stage
II palliation: (A) HLHS, (B) Norwood-Sano procedure, and (C)
bidirectional Glenn procedure. [Color figure can be viewed in the
online issue, which is available at wileyonlinelibrary.com.]

ard fashion. After reperfusion and until the end of the
surgery, even though the hepatic vein hemodynamics
were not assessed, there were no concerns about liver
congestion/perfusion beyond what occurs in other
pediatric LT patients.
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Figure 2. Intraoperative management. The arrow indicates reperfusion.

The cold and warm ischemia times were 465 and 37
minutes, respectively. The patient remained stable
during the transplant and required the use of a single
inotrope during the procedure (dopamine at a starting
dose of 5 pg/kg/minute). The intraoperative manage-
ment was based on venous oxygen saturation (SvO,)
and arterial oxygen saturation (SaO,) monitoring,
which was used to estimate systemic oxygenation and
perfusion.”'® Figure 2 illustrates the intraoperative
monitoring of the target parameters during the opera-
tion. The target hematocrit was 40%. The mean arte-
rial pressure (MAP) was kept greater than 65 mm Hg.
After reperfusion, there was a drop in the SvO, and
hematocrit values because of bleeding from the graft’s
cut surface and blood redistribution. After the eleva-
tion of the hematocrit to the target level, there was an
improvement in the SvO, value until the end of the
procedure.

The patient remained stable in the immediate post-
operative period and was maintained with a high
hematocrit and a low positive end-expiratory pressure
(<8 mm Hg) because of his single-ventricle physiology
in order to ensure adequate tissue oxygenation and
low pulmonary vascular resistance. The fraction of

inspired oxygen was maintained at approximately
40% to 50%, SaO, was kept at 85% to 90%, and the
hematocrit was 40%, as mentioned previously. The
use of inotropic drugs was discontinued on postopera-
tive day 5.

On postoperative day 10, the patient began to
undergo a series of exploratory laparotomy proce-
dures because of intra-abdominal bleeding and bowel
perforations; there were 5 surgical interventions in all
(Fig. 3). During the course of his hospitalization, he
experienced 3 episodes of biopsy-proven mild acute
cellular rejection, which were resolved with bolus
steroid therapy. The rise in liver enzymes was corre-
lated with these rejection episodes. Their levels had
returned to normal ranges at the scheduled follow-up
ambulatory visits. On the first biopsy sample (which
was taken on postoperative day 11), there were signs
of sinusoidal congestion. These signs were not found
on liver biopsy samples taken later. Because of pro-
longed intubation and the presence of a tracheal gran-
uloma, tracheostomy was performed on postoperative
day 40. Postoperative echocardiographic examinations
revealed a patent neoaorta and cavopulmonary
shunt with preserved contractile function (ejection
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Figure 3. Postoperative events. The arrows with squares indicate laparotomy for abdominal bleeding, the arrows with circles indicate
laparotomy for bowel perforation, the triangle indicates tracheostomy, and the diamond indicates gastrointestinal bleeding.

fraction=70%). There were no vascular or biliary com-
plications. He was discharged home 4 months after
LT with triple-therapy immunosuppression (tacroli-
mus, prednisolone, and mycophenolate sodium). At
the age of 48 months, the patient’s height/age and
weight/age z scores were —2.5 and 0O, respectively. He
persisted with a tracheostomy and had moderate neu-
ropsychomotor impairment. The patient’s liver func-
tion tests were normal at the time of this writing, and
he was awaiting the completion of the heart repair
(the Fontan operation).

DISCUSSION

In 20% of BA cases, there is an associated anomaly
(also called polysplenia syndrome),? and the results of
the Kasai procedure in this subset of patients have
been proven to be poorer.” A number of cardiovascu-
lar anomalies have already been described in associa-
tion with BA,2*'! and LT has already been performed
in these patients.!>%*!1 An increased incidence of
complications with greater morbidity and mortality is
expected in such cases. This is the first report
describing the association of BA with HLHS and LT.
The unique physiology of this syndrome, in which
pulmonary and systemic circulations run in parallel
and result in cyanosis and ventricular volume

overload,® puts newborns and infants at a high risk of
death. Thirty years ago, comfort care was the only
option, but because of the development of 3-stage pal-
liation, the rate of survival to the age of 5 years cur-
rently approaches 70%.'? After stage I (the Norwood
procedure), children still have a considerable risk of
death with an interstage mortality incidence of 9% to
16%.” Noncardiac surgery during this period should
be avoided and restricted to emergent procedures.®
Gastrostomy with fundoplication is one of the fre-
quently performed procedures after stage I palliation,
and the reported mortality rate is 0% to 19%.5'3 In
this case, the decision to perform the Kasai procedure
was made before the patient was transferred to our
center. Even though the mortality rate is greater with
noncardiac surgeries between stages I and II of pallia-
tion and the results of the Kasai procedure are worse
when there are associated malformations,? we believe
that it is the only chance for avoiding LT, as illus-
trated in previous publications.'*!® In these reports,
however, the Kasai procedure was performed before
60 days of age when there was a greater chance of
success.

After stage II, the patient is expected to remain cya-
notic, but the partial cavopulmonary anastomosis
relieves the parallel circulation and volume overload
and creates a favorable condition for elective
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TABLE 1. Case Reports and Small Series of LT Patients With Complex CHD
Cardiac
Study CHD Age Indication OLT/LDLT Repair
Feierman et al.® (2006) Single atrium, single atrioventricular 13 months BA OLT Before LT
valve, incomplete interventricular
septum
Garbanzo et al.! (2006) Aortic stenosis 9 years Alagille syndrome LDLT After LT
Double-outlet RV, pulmonary 7 months BA/polysplenia LDLT Before LT
stenosis
PDA 2 years BA LDLT During LT
Ventricular septal defect, pulmonary 9 months BA LDLT After LT
stenosis
Tetralogy of Fallot 9 months BA LDLT Before LT
Kimura et al.!! (2007) Corrected transposition of great 2 years BA LDLT After LT
arteries, ventricular septal defect,
ostium secundum
Singhal et al.# (2009) Ventricular septal defect 4 years BA LDLT None

noncardiac surgeries. The incidence of complications
in this phase drops to 6%.” At this point, the patient
is hyperdynamic and well perfused with a systemic
saturation in room air of 80% to 85%.° Increases in
pulmonary vascular resistance do not affect systemic
perfusion, but an adequate preload must be ensured.
This type of patient has a poor response to hypovole-
mia and impaired venous return.® During noncardiac
surgery, great care should be taken intraoperatively'®
to maintain a low pulmonary vascular resistance and
avoid excessive positive end-expiratory pressure and
prolonged inspiratory times. Inotropes should also be
avoided. It is advisable to choose small doses of dopa-
mine if it is needed.® For intraoperative management,
we used SaO, and SvO,; monitoring, which can allow
the early identification of decreased cardiac output
and poor oxygen delivery. The high hematocrit level
was paramount in order to accomplish the anesthetic
plan. Indeed, this is the strategy commonly used dur-
ing surgery in patients with a single-ventricle physiol-
ogy.%!° It was used during the transplant and during
the series of exploratory laparotomy procedures per-
formed in this child.

Torres et al.'® reported the prevalence of noncardiac
surgeries performed in patients with HLHS, but there
is no report of a procedure such as LT that challenges
the volume status. There are continuous changes in
the preload and vascular resistance during the several
phases of LT, which starts with the clamping of the
vena cava, when an adequate preload should be
ensured, and during reperfusion, when there is usu-
ally ventricular volume overload as well as a drop in
the systemic vascular resistance.® The piggyback
technique should be preferred, although in this case,
because of technical difficulties, we chose the stand-
ard technique to avoid additional bleeding. A prepared
and experienced anesthesiologist and a cardiologist
are warranted because volume status changes are the
rule in the setting of LT.

Other risks that should be kept in mind are hepatic
artery thrombosis, emboli, and infectious endocardi-

tis. Because of hypoxemia, these patients develop very
high hematocrits,® and after stage II, there is a well-
described prothrombotic state.” Because pediatric
transplant patients have a higher risk of hepatic ar-
tery thrombosis than their adult counterparts,'” the
hematocrit is usually kept at or lower than 30%.3
However, in the cyanotic patient, there is a need to
keep the hematocrit greater than 45%. High hemato-
crits have already been proven to be a risk factor for
hepatic artery thrombosis.'® Hypoxemic patients also
are at risk of developing biliary complications.'® The
reported rates of posttransplant bile leaks are up to
26% in patients with hepatopulmonary syndrome.'®
Our patient, despite hypoxemia (Fig. 2), had no biliary
or vascular complications following the transplant.

Another concern with intracardiac shunts is the
risk of paradoxical emboli, which is increased during
reperfusion.2° Postoperatively, because of immuno-
suppression and a lower threshold for infection,
patients with intraventricular shunts are at greater
risk for infective endocarditis.® Sequential echocardi-
ography after the transplant did not show vegetations
on the heart valves.

The majority of reports on LT and CHD involve
patients with Alagille syndrome, and the usual CHDs
are pulmonary stenosis and aortic stenosis.?' Other
centers have performed deceased donor LT and living
donor liver transplantation (LDLT) for patients with
CHD (Table 1), and some have not found an increase
in morbidity or mortality.?°?2 In a case-control
study,?® however, no correction of the heart condition
was attempted before LT, and there were no intrao-
perative cardiac complications; this suggested that
every patient had compensated heart disease at the
time of LT.

When CHD and end-stage liver disease are com-
bined, it is a matter of debate whether LT should
come first, cardiac repair should come first, or the 2
procedures should be performed at the same time.>2°
Raichlin et al.?® reported the results of combined
heart and liver transplantation and found no



LIVER TRANSPLANTATION, Vol. 19, No. 3, 2013

FEIER ET AL. 327

difference in survival in comparison with heart trans-
plantation alone. However, when combined heart and
liver transplantation is not an option or an indication,
deciding what comes first should take into considera-
tion the risks of worsening liver function after a
cardiac repair versus the development of the afore-
mentioned complications in a patient with heart
disease.>2° In our case, the cardiac malformation
demanded early intervention.

In conclusion, patients with complex CHD are at
greater risk of developing postoperative complications
related to LT and to the heart condition itself. How-
ever, LT can be safely performed in such patients as
long as the physiology of the specific CHD is studied
and the therapeutic plan is established. A multidisci-
plinary and experienced team is paramount for the
success of the procedure.
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