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Abstract

Background: Indications for heart-liver transplantation (HLT) for Fontan patients are not well-
defined. We compared listing characteristics, post-operative complications, and post-transplant
outcomes of Fontan patients with HLT to those with heart-only transplant (HT). We hypothesized
HLT patients have increased post-operative complications, but superior survival outcomes
compared to HT patients.

Methods: We performed a retrospective review of Fontan patients who underwent HLT or HT at
a single institution. Characteristics at time of listing, including extent of liver disease determined
by laboratory, imaging, and biopsy data, were compared. Post-operative complications were
assessed, and the Kaplan-Meier survival method was used to compare post-transplant survival.
Univariate regression analyses were performed to identify risk factors for increased mortality and
morbidity among HT-only patients.

Results: Forty-seven patients (9 HLT, 38 HT) were included. HLT patients were older, more
likely to be on dual inotrope therapy, and had evidence of worse liver disease. While ischemic time
was longer for the HLT group, post-operative complications were similar. Over a median post-
transplant follow-up of 17 (IQR 5, 52) months, overall mortality for the cohort was 17%; only one
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HLT patient died (11%) versus 7 (18%) HT patients (p = 0.64). Among HT patients, cirrhosis on
pre-transplant imaging was associated with worse outcomes.

Conclusion: Despite greater inotrope need and more severe liver disease at the time of listing,
Fontan patients undergoing HLT have post-transplant outcomes comparable to patients with HT.
HLT may offer a survival benefit for Fontan patients with liver disease.

INTRODUCTION

The Fontan procedure, the final surgical palliation to a total cavopulmonary anastomosis, is
the current standard practice for patients with single ventricle heart disease. While surgical
results and outcomes have improved greatly since its inception in 1971, the Fontan
procedure leaves patients with abnormal hemodynamics that may result in heart failure,
multisystem end-organ damage, and need for heart-only transplantation (HT). Additionally,
Fontan-associated liver disease (FALD) is a well-recognized risk in this population, where
longstanding hypoxia, decreased cardiac output, and hepatic congestion can lead to
advanced liver fibrosis, cirrhosis, portal hypertension, and even hepatocellular carcinomal.

Combined heart-liver transplantation (HLT) is offered for select Fontan patients with failing
Fontan physiology and hepatic dysfunction?. Literature shows that HLT is feasible and has
comparable outcomes to HT in both the heart failure patient population3-8 and the
congenital heart disease population®-13. In addition, HLT has been shown to confer
protection from rejection in these patients#15, There is currently no accepted threshold for
liver disease severity which necessitates listing for combined HLT over HT. Indications,
perioperative complications, and outcomes of HLT in Fontan patients remain incompletely
defined.

In this study, we compare pre-transplant listing characteristics, perioperative complications,
and post-transplant outcomes between Fontan patients who underwent HT versus combined
HLT. We hypothesized Fontan patients requiring HLT will have increased perioperative
complications but superior intermediate-term outcomes and freedom from rejection. A
secondary aim was to identify risk factors for worse outcome among Fontan patients who
receive HT only to better elucidate which Fontan patients should receive heart-only versus
heart-liver transplantation.

METHODS

Study cohort and definitions

This is a retrospective, single center study. All patients with single ventricle heart disease
palliated to a Fontan, who subsequently received either HT or HLT at Lucile Packard
Children’s Hospital (Palo Alto, CA) from July 2006 through December 2019, were included.
Patients who underwent other multi-organ transplants (heart-kidney) were excluded. Pre-
transplant characteristics were collected from the electronic medical record and included
data at the time of transplant listing and at the time of transplant. At our institution, all
Fontan patients evaluated for heart transplantation undergo a formal evaluation by our
pediatric hepatology team. Indications for HLT at our institution have been previously
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described and include imaging and/or biopsy evidence of cirrhosis and portal hypertension
13 All combined heart -liver transplants were performed en-blocl.

Data from liver biopsy results and imaging studies were extracted from final reports in the
medical record. The definition of cirrhosis on imaging included a nodular liver surface with
heterogeneous density, alteration in hepatic or portal vein flow, portal vein dilation, the
presence of any porto-systemic collaterals, and/or ascites!3. Fibrosis on liver biopsies was
defined as: stage 0: no fibrosis; stage 1: pericellular fibrosis; stage 2: bridging fibrosis; and
stage 3: bridging fibrosis with regenerative nodules!’. The Model of End-stage Liver
Disease eXcluding INR (MELD-XI) score (5.11 x In[bilirubin] + 11.6 x In[creatinine]
+9.44)18 Child-Pugh score (which accounts for serum bilirubin, serum albumin, INR,
ascites, and encephalopathy)!® and VAST (varices, ascites, splenomegaly, and
thrombocytopenia) score20 were calculated using respective data at time of listing.
Cumulative panel reactive antibodies for human leukocyte antigens (cPRAS) were
determined by the clinical laboratory using Luminex technology for 1gG and C1q antibodies
(One Lambda, Thermo Fisher Scientific, USA).

Peri-operative complication data collection focused on the post-operative period, defined as
the time from return from the operating room to the cardiac intensive care unit until time of
discharge. Complications reviewed included mortality (overall and prior to hospital
discharge), transplant rejection defined as ISHLT cellular rejection grade 2R, or antibody-
mediated rejection grade pAMR 2, or greater, unplanned reintubation, need for
tracheostomy, unplanned surgical procedure, infection, acute kidney injury (defined as an
increase in serum creatinine by at least 1.5 times baseline per KDIGO criteria)?, need for
dialysis, need for mechanical circulatory support, and neurologic insult. Infection was
defined as positive bacterial or fungal culture and/or elevated inflammatory markers in the
setting of clinical signs of sepsis requiring a treatment course with antimicrobials for 5 or
more days. Neurologic insult was defined as a new head CT scan finding of infarct or
hemorrhage, and/or new onset seizure.

Immunosuppression and cardiac biopsy surveillance

All patients received induction therapy with methylprednisolone and rabbit antithymocyte
globulin (or basiliximab or daclizumab if before 2014). Patients with a positive virtual
crossmatch (typically with pretransplant donor-specific 1gG antibodies [MFI>1000])
underwent plasmapheresis intra-operatively (1.5x volume exchange) and treatment with
IVIG on POD 0; patients with persistent donor-specific antibodies following cardiac
transplantation continued to receive 1VIG at the discretion of the transplant cardiologist. For
select HLT patients, Rituximab (375 mg/m2/dose) was given in the early postoperative
period at the discretion of the liver transplant team. Standard maintenance
immunosuppression included mycophenolate mofetil and a calcineurin inhibitor;
corticosteroids were usually discontinued within the first post-transplant month.
Endomyocardial biopsies were performed per our institution’s standard surveillance
protocol, with additional biopsies performed when rejection was clinically suspected.
Surveillance liver biopsies were not routinely performed and were only obtained in the
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setting of clinical concern for liver rejection. Immunohistochemical staining was performed
at the discretion of the cardiac pathologist or at the request of the transplant cardiologist.

The primary outcome was overall post-transplant survival. Secondary outcomes included
survival to hospital discharge, post-operative complications as defined above, and freedom
from rejection. The Kaplan-Meier method was used to assess survival and freedom from
rejection, with risk between HT and HLT groups compared using the Cox proportional
method. Comparisons of patient characteristics at listing and post-operative complications
between HT and HLT groups were performed using Fisher’s exact test or Wilcoxon-Rank-
Sum test, as appropriate. To identify risk factors for worse outcome within the HT group,
univariate regression analyses were performed using Cox proportional hazards method for
survival and logistic regression for post-operative complications, with variables collected at
time of transplant listing.

Study data were collected using REDCap electronic data capture tools hosted at Stanford
University?2:23, REDCap (Research Electronic Data Capture) is a secure, web-based
software platform designed to support data capture for research studies. Continuous data are
presented as median (25%, 75t percentile). All statistical analyses were conducted using
Stata/IC version 13.1 (College Station, Texas, USA). P-values < 0.05 were considered
significant. This study was approved by Stanford University’s Institutional Review Board
Panel.

Forty-seven Fontan patients were included; 38 (81%) received HT only and 9 (19%)
received HLT. Compared to HT patients at time of listing, HLT patients were older (19 years
[16, 21] versus 14 years [10, 19], p=0.01) and more were on dual inotrope therapy (3 [33%],
versus 1 [2.6%], p=0.02). Total bilirubin was higher (1.2 mg/dL [0.9, 1.3] versus 0.7 mg/dL
[0.5, 1.1], p=0.03), and platelet count was lower (118 x 103/uL [103, 195] versus 204 x
103/uL [145, 272], p=0.04). More HLT patients had evidence of varices, ascites,
splenomegaly, and cirrhosis on imaging, and MELD-XI, Child Pugh, and VAST scores were
higher, indicating more severe liver disease (Table 1). Fifteen patients (32%) underwent liver
biopsies; 3/6 (50%) in the HLT group and 3/9 (33%) in the HT group had Stage 3 fibrosis
(p=0.62).

Post-transplant survival

Median waitlist time was 131 days (76, 455), with no difference in waitlist time between the
two groups (131 days [109, 149] for HLT versus 135 days [76, 483] for HT, p=0.74). Over a
median post-transplant follow up of 17 (5, 52) months, overall mortality for the entire cohort
was 17%. The Kaplan Meier estimated survival at 1-year, 5-years and 10-years was 85%
(95% CI1 70-93), 78% (59-89), and 78% (59-89). Median post-transplant follow up was 17
(4, 49) months for HT patients and 17 (5, 77) months for HLT patients (p=0.73). There was
no difference in overall post-transplant mortality between the two groups; one (11%) HLT
patient died versus 7 (18%) HT patients (p = 0.64, Figure 1). Survival to hospital discharge
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post-transplant was also similar between the two groups (p=0.67). For the one HLT patient
who died, death occurred before hospital discharge on POD 11, due to profound neurologic
injury from a left middle cerebral artery embolic infarct sustained intra-operatively. Four HT
patients died before discharge, at a median of 34 [9.5, 103] days post-transplant. Notably, all
four of these patients had protein-losing enteropathy (PLE) pre-transplant; two died from
multi-organ failure related to sepsis (POD 52 and 154), one developed ventricular fibrillation
while receiving dialysis for post-operative renal failure (POD 16), and one died from a large
intracranial bleed after massive intra-operative hemorrhage with multi-system organ injury
requiring VA-ECMO support to leave the operating room (POD 3).

Peri-operative complications

Risk factors

At transplant, ischemic time was longer for the HLT group, but bypass and cross-clamp time
were similar (Table 2). Duration of intubation, ICU stay, and post-transplant hospital length
of stay (LOS) were similar for both groups, and there was no significant difference in the
number of post-operative complications (Figure 2). Acute kidney injury occurred in the
majority of patients in both groups (79% HT and 55% HLT). Other common complications
included infection (37% HT, 56% HLT), unplanned surgical procedures (32% HT, 33%
HLT), and neurological events (21% HT, 22% HLT). Types of infections were similar, with
bacterial infections (n=9 HT, n=2 HLT), Clostridium dificile colitis (h=1 HT, n=1 HLT), and
culture negative sepsis (n=6 HT, n=2 HLT). Unplanned surgical procedures included chest
washout for bleeding or infection (n=4 HT, n=1 HLT), peritoneal drain placement (n=4 HT,
n=1 HLT), dialysis catheter placement (n=2 HT), craniotomy, colonoscopy with biopsy,
tracheostomy (n=1 HT), and bile duct reconstruction (n=1 HLT). Neurological events
included intracranial hemorrhage (n=5 HT, n=1 HLT), ischemic infarcts (n=2 HT, n=1 HT)
and seizures (n=4 HT).

for mortality and morbidity in HT patients

Univariate regression analyses were performed to identify risk factors for increased
mortality and morbidity among the patients who received HT (Table 3). Of 32 HT patients
with imaging at time of listing, 10 had findings of cirrhosis and 5 of these patients (50%)
died at a median 7.8 (1.7-14.7) months post-transplant. The estimated 1-year survival for
HT patients with cirrhosis was 67% (95% CI 23-88), compared to 89% (95% CI 62-97) of
HT patients without cirrhosis and 89% (95% CI 43-98) of HLT patients (Figure 3). The
hazard ratio for post-transplant survival for HT patients with cirrhosis was near significance
(HR 5.1, 95% CI 0.98-26.3, p=0.052).

HT patients with cirrhosis were at increased risk of unscheduled surgical procedure in the
peri-operative period (HR 10.5, 95% CI 1.9-59.4, p=0.008), and the risk for post-transplant
dialysis was near significance (HR 6.7, 95% CI 0.97-45.8, p=0.054). Post-operative
complications compared between HT patients without cirrhosis (n=22), HT patients with
cirrhosis (n=10), and HLT patient (n=9) are shown in Table 4; notably, 70% of HT patients
with cirrhosis had unplanned surgical procedures (compared to 18% HT without cirrhosis
and 33% HLT, p=0.009) and 40% required post-transplant dialysis (compared to 9% HT
without cirrhosis and 11% HLT, p=0.09).
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At the time of listing, the median cPRA by 1gG was 26% (0, 54) for HT patients and 4% (3,
66) for HLT patients (p=0.71). Induction regimens were similar between HT and HLT
patients (26% vs 33% received anti-interleukin-2 receptor antagonists, p=0.69). One HLT
patient received rituximab in the immediate post-operative period at the discretion of the
liver transplant team. The retrospective crossmatch, available for 45 patients, was positive
for 8 of 37 HT patients and none of 8 HLT patients. No HLT patients experienced cardiac
rejection, whereas 12 (32%) HT patients had rejection (p = 0.062, Figure 4), with first
rejection episode occurring at a median 5.5 (0.6-13.3) months from transplant. Of the 12 HT
patients with rejection, four had a positive retrospective crossmatch and eight had a negative
crossmatch; 10 had cellular rejection, 1 had humoral rejection only, and 1 patient had both.
One HLT patient had moderate acute cellular rejection of the liver which was successfully
treated. This patient had a liver biopsy performed at 11 months post-transplant due to rising
liver enzymes; concurrent cardiac biopsy did not show rejection.

DISCUSSION

Overall, our single center experience suggests similar peri-operative and survival outcomes
between pediatric and young adult Fontan patients receiving HT versus HLT. While sample
size could have prevented the detection of a true difference in outcomes, our findings are
consistent with prior studies which show comparable survival for HLT recipients for all
indications (e.g. amyloidosis) and HT recipients 36 as well as those with congenital heart
disease®11. Bryant et al. conducted a UNOS database analysis (1987 — 2015) comparing
outcomes between 41 patients with congenital heart disease who underwent HLT with a
matched cohort who underwent HT. In this study, the HLT group actually had a survival
advantage. They also showed similar rates of stroke and need for dialysis in the post-
operative period!C. Here, we add to the growing collection of evidence that HLT is a
reasonable option for congenital heart disease patients, and more specifically, we show
comparable outcomes between Fontan patients who undergo HT versus HLT.

Whereas we directly compared outcomes between HT and HLT groups, it is difficult to
predict how the HLT cohort would have done if they had undergone HT only. Organs remain
a limited resource, and transplant clinicians must be thoughtful when advocating for their
responsible allocation. The Fontan patients who received HLT in our study had more
advanced liver disease (as evidenced by findings on imaging studies and higher liver disease
scores), but we do not yet fully understand what level of liver disease in the Fontan
population necessitates HLT for optimal outcomes. FALD is known to be a progressive
condition, one which may even begin prior to completion of the Fontan cavopulmonary
connection2425, There is a known direct correlation between time from Fontan procedure
and the extent of liver fibrosis. Whereas liver biopsy is the gold standard for evaluating liver
fibrosis, fibrosis is typically heterogenous, and thus liver biopsy sampling error may
underestimate the extent of liver involvement in FALD. Laboratory markers of liver injury
(AST, ALT, bilirubin) are typically normal or only mildly deranged, and synthetic function
may be preserved2®. With only mild, or no, laboratory derangements and variable findings
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on liver biopsy, FALD remains difficult to characterize, and thus markers to determine which
Fontan patient should receive HLT are still not clear.

To address the question of which Fontan patient warrants HLT, we looked at risk factors
associated with worsen outcomes within the HT group. While it is possible that clinical
status may change over the course of waitlist time, the decision to list for heart versus heart-
liver is made at the time of listing. We thus deliberately chose to use clinical data at the time
of transplant listing, rather than at time of transplant, as we believe this would be most
useful to clinicians who are deciding at the time of transplant evaluation whether to list for
heart or to list for heart-liver. We found that cirrhosis on imaging was significantly
associated with an unplanned surgical procedure in the post-operative period, and neared
significance for post-transplant mortality and increased need for dialysis. Multivariable
analyses were not performed due to small sample size, but this finding suggests that
cirrhosis on imaging in a failing Fontan patient should prompt strong consideration for HLT
rather than HT. It is possible that cirrhosis on imaging is a risk factor because it is the
variable that best correlates with overall FALD progression. Alternatively, it is possible that
cirrhosis on imaging is a marker for a longer period of time spent in a failing Fontan
physiology with abnormal hemodynamics, and thus patients undergoing HT who have
cirrhosis on imaging have a generally more fragile pre-transplant state and worse outcomes.

Interestingly, Simpson et al. evaluated 32 patients with Fontan physiology and cirrhosis on
CT imaging who underwent HT evaluation?’. Of the 20 patients in their cohort who
underwent heart transplantation, 1-year survival was 80%, and there was no difference in
survival between those with and those without cirrhosis. Our definition of cirrhosis on
imaging differed from theirs and included findings of portal hypertension (e.g. ascites or
varices). Thus, it is possible that our patients with cirrhosis had more severe liver disease
than theirs, explaining the difference in our findings. Again, this illustrates the difficulty in
defining the extent of FALD. There certainly are patients with some degree of FALD who
may do well with HT only. It is our challenge as a field to further refine that extent of liver
involvement which necessitates HLT and what clinical, imaging, and pathologic markers
will help make that determination.

Historically, there has been debate about whether the outcomes for patients with Fontan
physiology after HT are inferior or comparable to patients with other forms of congenital
heart disease28: 29: 30, However, more recent publications show better outcomes for Fontan
patients after HT3L, As post-transplant mortality improves for patients with failing Fontan
physiology, attention should be paid to limiting post-operative morbidities. Because of
increased acuity, significantly longer operative ischemic times, and large volume transfusion
requirement at the time of transplant, we initially hypothesized that HLT patients would have
greater post-operative complications. Our hypothesis turned out to be incorrect; both HLT
and HT patients experienced similar rates of post-operative complications. Acute kidney
injury was the most common post-operative complication in all Fontan patients. There is a
known association between the Fontan circulation and renal dysfunction, driven by renal
venous congestion and low cardiac output, and surgery and cardiopulmonary bypass are the
insult that lead to AKIL. Careful attention to optimizing hemodynamics and fluid
management, as well as avoidance of nephrotoxic medications, are needed to avoid AKI in
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the vulnerable Fontan population. Infection and unplanned surgical procedures were also
commonly seen. Interestingly, 5 of the 19 unplanned surgeries were mediastinal or
abdominal washouts related to infection, highlighting the gravity of this particular morbidity.
Fontan HT patients are known to have an increased likelihood of infection and bleeding?8. It
was recently reported that Fontan HT patients have a higher risk of infection and a more
pronounced suppression of CD3 counts in the post-operative period32. It is notable that there
were no rejection events in the HLT cohort in our study, despite no significant difference in
cPRA at listing, and this is consistent with what has been reported by others'9. The lack of
rejection raises the possibility of decreasing standard immunosuppression in HLT patients to
decrease the risk of infection.

CONCLUSION

This single pediatric-center study of patients with failing Fontan physiology who underwent
HT or HLT shows similar survival and post-operative complication outcomes between the
two groups. Overall mortality was low, and rejection was rare in both groups, with the
potential benefit of less rejection in the HLT group. Common post-operative complications
were acute kidney injury, need for unplanned surgical procedure, and infection. Cirrhosis on
pre-transplant listing imaging was a risk factor for increased post-transplant complications
among the heart-only transplant patient cohort. While markers to identify which patient
warrants HLT over HT still need to be refined, HLT appears to be a safe and viable option
for failing Fontan patients with advanced Fontan-associated liver disease.
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Figure 2.
Post-operative complications. HLT, heart-liver transplantation; HT, heart-only
transplantation.
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Figure 4.
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Freedom from rejection. HLT, heart-liver transplantation; HT, heart-only transplantation.
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Table 1.

Characteristics at time of listing
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All (n=47) HT only (n=38) Combined HLT (n=9) p-value
Age (years) 15 (11, 20) 14 (10, 19) 19 (16, 21) 0.01
Weight (kg) 43 (27, 62) 38 (25, 59) 60 (57, 65) 0.02
Male gender 29 (62) 26 (68) 3(33) 0.06
Diagnosis 0.21
HLHS 17 (36) 16 (42) 1(11)
TA 4(9) 3(8) 1(11)
AVC 13 (28) 11 (29) 2(22)
Heterotaxy 11 (23) 9 (23) 2(22) 1.0
PLE 17 (36) 14 (37) 3(33) 1.0
Listing status 0.19
1A 13 (28) 10 (26) 3(33)
1B 12 (25) 12 (31) 0 (0)
2 21 (45) 15 (39) 6 (67)
Adult 4 1(2) 1(3) 0(0)
Panel Reactive Antibodies
IgG (%) 22 (0.5, 56.5) 26 (0, 54) 4 (3, 66) 0.84
C1q (%) 40, 24) 4(0, 24) 5.5 (1.5, 20.5) 0.93
1V inotropic support 14 (30) 10 (26) 4(44) 0.42
Milrinone 14 (30) 10 (26) 4 (44) 0.42
Dopamine 4(9) 1(3) 3(33) 0.02
VAD (at transplant) 6 (13) 6 (16) 0 (0) 0.58
Hospitalized 16 (34) 12 (32) 4 (44) 0.46
Transplant Eraz 0.69
<2014 13 (28) 10 (26) 3(33)
22014 34 (72) 28 (73) 6 (67)
Cardiac catheterization
Fontan pressure (mmHg) 16 (13, 18) 15.5 (13, 17.5) 17 (14,18) 0.36
Filling pressure” (mmHg) 11 (9, 14) 11 (9, 13.5) 13 (11, 14) 0.28
Aortic saturation (%) 90 (85, 93) 91 (85, 93) 87 (84.5, 93.5) 0.96
Cardiac index (L/min/m2) ~ 3.1(2.7,3.8) 3.1(26,3.7) 3(2.9,3.8) 0.73
Pulmonary vascular resistance (iWU) 2(13,25) 2(1.4,25) 1.9(1.3,2.3) 0.63
Laboratory results
Sodium 135 (133,138) 135 (133, 137) 138 (131, 139) 0.18
Creatinine 0.7 (0.53,0.9)  0.60 (0.45, 0.9) 0.82 (0.73, 1.0) 0.08
Total bilirubin 0.8 (0.5, 1.2) 0.7 (05, 1.1) 1.2 (0.9, 1.3) 0.03
Albumin 3.5 (3.0, 4.2) 35(3.0,4.2) 4(35,4.2) 0.43
Platelets 183 (123,266) 204 (145, 272) 118 (103, 195) 0.04
nel  13(2,15) 1.3 (1.2, 1.6) 1.4 (1.3,15) 0.58
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All (n=47) HT only (n=38) Combined HLT (n=9) p-value
Radiology findings (n=41)
Cirrhosis 18 (44) 10 (31) 8 (89) 0.005
Varices 9(21) 3(9 6 (67) 0.001
Ascites 15 (37) 7(22) 8(89) 0.000
Splenomegaly 13 (36) 6 (22) 7(78) 0.006
Liver biopsy findings (n=15) 0.89
Stage 0: No fibrosis 1(7) 1(11) 0 (0)
Stage 1: Perivascular fibrosis 4(27) 3(33) 1(17)
Stage 2: Bridging fibrosis 4(27) 2(22) 2(33)
Stage 3: Nodules 6 (40) 3(33) 3 (50)
Liver disease scores
MELD-XI 9 (9, 11) 9 (9, 10) 10 (9, 11) 0.17
Child Pugh 6.5 (6, 8) 6(6,7) 8(7,9) 0.007
VAST 1(0,2) 1(0,1) 3(2,4) 0.0001

Data are presented as median (25th, 75th percentiles) or n (%)

1 . .
For patients not on coumadin (n=15)

Patients transplanted prior to 2014 received anti-interleukin-2 receptor antibodies (basiliximab or daclizumab) during induction, patients

transplanted in 2014 or later received rabbit antithymocyte globulin

Page 16

Filling pressure was the highest available number of right or left pulmonary capillary wedge pressure, direct left atrial pressure, or direct right
atrial pressure PLE = protein losing enteropathy. VAD = ventricular assist device.
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Table 2.

Post-operative course and complications

All (n=47) HT only (n=38) Combined HLT (n=9) p-value
Ischemic time (min) 223(188,260) 216 (184, 245) 293 (255, 336) 0.004
CPB time (min) 271(216,320) 277 (205, 320) 264 (243, 327) 0.67
Cross clamp time (min) 178 (120, 206) 175 (120, 204) 200 (120, 216) 0.32
Length of intubation (days) 2(1,4) 2(1,4) 2(1,3) 0.48
Length of ICU stay (days) 9.5 (6, 20) 10 (6, 22) 8 (6, 19) 0.62
Length of post-transplant stay (days)  28.5 (17, 47) 26 (18, 47) 29 (16, 42) 0.90

Data are presented as median (25th, 75th percentiles) or n (%)

CPB = cardiopulmonary bypass
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Table 3.

Univariate regression for mortality and morbidity in HT only patients (N = 32)
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Cga;::gtfelriissttiir::gat Post—t;ags(g?ﬂtcs Il;ervaI p-value prgger:jlﬁ?:glé lz;g:ﬁ agl) p-value | Dialysis OR (95t Cl) | p-value
Age 1.01 (0.88-1.17) 0.850 1.08 (0.95-1.22) 0.252 1.06 (0.90-1.24) 0.503
Male gender 2.30 (0.27-19.22) 0.443 8.07 (0.90-72.08) 0.062 2.62 (0.27-25.29) 0.405
Heterotaxy 0.75 (0.88-6.34) 0.791 21 (0.45-9.86) 0.347 0.60 (0.06-5.93) 0.662
PLE 5.76 (1.11-29.88) 0.037 3.8 (0.90-16.00) 0.069 4.40 (0.69-28.11) 0.117
Sodium 0.97 (0.81-1.15) 0.684 0.72 (0.54-0.96) 0.027 0.90 (0.72-1.13) 0.359
Creatinine 0.70 (0.06-8.12) 0.778 1.42 (0.15-13.25) 0.757 2.95 (0.19-45.52) 0.439
Total bilirubin 0.96 (0.19-4.87) 0.958 0.46 (0.08-2.64) 0.388 0.50 (0.53-4.74) 0.549
Albumin 1.18 (0.39-3.59) 0.769 0.81(0.31-2.14) 0.668 0.89 (0.26-3.04) 0.859
Platelets 0.99 (0.99-1.01) 0.455 1.00 (1.00-1.01) 0.518 0.99 (0.98-1.01) 0.311
Cirrhosis 5.08 (0.98-26.27) 0.052 10.5 (1.86-59.40) 0.008 6.67 (0.97-45.79) 0.054
Varices 1.90 (0.23-15.96) 0.552 4.44 (0.36-55.58) 0.247 2.40 (0.18-31.88) 0.507
Ascites 0.41 (0.05-3.45) 0.408 3.43 (0.61-19.40) 0.163 2.10 (0.30-14.87) 0.458
Splenomegaly 1.23 (0.24-6.35) 0.805 2.43 (0.47-12.54) 0.289 1.67 (0.24-11.44) 0.603
MELD-XI 0.92 (0.62-1.37) 0.696 0.83 (0.54-1.27) 0.392 1.05 (0.69-1.58) 0.824
Child Pugh 062 (0.29-1.37) 0.237 1.29 (0.69-2.43) 0.426 0.96 (0.42-2.16) 0.915
VAST 0.73 (0.27-1.94) 0.525 2.35(0.98-5.65) 0.056 1.28 (0.48-3.42) 0.614

Cox-proportional method was used for survival outcomes, and logistic regression method for post-transplant morbidities.

Other variables included in analysis but not significant are: listing status, VAD, hospitalization, milrinone, dopamine, fibrosis on biopsy, stage 3

fibrosis on biopsy.
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Post-operative complications

Table 4.

HT —cirrhosis (n=22) HT +cirrhosis (n=10) HLT (n=9) p-value
Reintubation 2(9) 1(10) 3(33) 0.15
Acute kidney injury 16 (73) 10 (100) 5 (55) 0.16
Dialysis 2(9) 4 (40) 1(11) 0.09
Infection 6 (27) 5 (50) 5 (56) 0.23
Unplanned surgical procedure* 4(18) 7(70) 3(33) 0.02
Mechanical circulatory support 2(9) 1(10) 0 (0) 1.00
Arrhythmia 3(14) 0 (0) 0 (0) 0.40
Neurologic event 4 (18) 3(30) 2(22) 0.88

Page 19

*
Unplanned surgical procedures included chest washout, peritoneal drain placement, dialysis catheter placement, craniotomy, colonoscopy with

biopsy, tracheostomy, and bile duct reconstruction.
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