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Combined Heart and Liver Transplantation  
in the Failing Fontan: Systematic Review and 
Single-arm Meta-analysis
Vanessa Karlinski Vizentin, MD,1 Vanio Antunes,2 Iuri Ferreira Felix, MD,3 Cynthia Florencio de Mesquita,4 
Elísio Bulhões,5 Rebecca K. Ameduri, MD,6 and Jonathan N. Johnson, MD6

Background. The Fontan procedure has transformed the management of congenital heart defects characterized by 
single ventricle physiology, yet it predisposes individuals to Fontan-associated liver disease. Combined heart and liver trans-
plantation (CHLT) emerges as a therapeutic option, but evidence of its efficacy and safety remains limited. This study aimed 
to comprehensively evaluate CHLT in Fontan patients, focusing on patient characteristics, perioperative outcomes, and 
posttransplant morbidity and mortality. Methods. Following Preferred Reporting Items for Systematic Reviews and Meta-
analyses guidelines, a systematic search of PubMed, Embase, and the Cochrane Central Register of Controlled Trials was 
conducted. Studies meeting the intervention of CHLT in Fontan patients were included, and data were collected and syn-
thesized using proportion meta-analysis techniques. Statistical analysis was carried out using R software. Results. Four 
studies met inclusion criteria, comprising 67 Fontan patients undergoing CHLT. All included studies were observational 
retrospective cohorts performed in the United States. The 1-y survival rate post-CHLT was 88% (95% confidence interval 
[CI], 70%-98%). Liver graft rejection rates were low, 4% (95% CI, 0%-22%), and no heart graft rejection greater than mild 
was reported. Postoperative complications included acute kidney injury 75% (95% CI, 50%-93%), temporary dialysis 27% 
(95% CI, 9%-51%), neurologic events 7% (95% CI, 0%-26%), infection 23% (95% CI, 3%-55%), and unplanned medical 
procedures 40% (95% CI, 23%-59%). Conclusions. CHLT in Fontan patients demonstrates promising survival rates, but 
graft rejection and postoperative complications pose challenges. The rate of renal complications is particularly notable and 
requires further evaluation. Future research should prioritize comparative different management strategies and long-term 
follow-up to refine protocols and optimize outcomes.

(Transplantation 2025;00: 00–00).

INTRODUCTION
The Fontan procedure has revolutionized the management 
of congenital heart defects characterized by single ventri-
cle physiology, providing a palliative solution that allows 
these individuals to survive into adulthood. However, the 
Fontan circulation, which diverts systemic venous blood 
directly to the pulmonary arteries without a subpulmonary 
ventricle, often leads to long-term complications, includ-
ing hepatic dysfunction and cirrhosis because of chronic 
venous congestion. This unique vascular physiology 

predisposes Fontan patients to the development of end-
stage liver disease (ESLD), significantly impacting their 
prognosis and quality of life.1

As a result, combined heart and liver transplantation 
(CHLT) has emerged as a potential therapeutic option 
for individuals with Fontan circulation complicated by 
ESLD. Although the concept of CHLT in Fontan patients 
holds promise, there remains a paucity of comprehensive 
evidence elucidating its efficacy, safety, and long-term 
outcomes.2,3
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Fontan-associated liver disease (FALD), character-
ized by universal hepatic fibrosis with some progress-
ing to cirrhosis, poses unique challenges in the context 
of transplantation. The presence of FALD may influence 
patient selection, perioperative management, and post-
transplant outcomes. The technical aspects of CHLT in 
Fontan patients, including the surgical approach, organ 
allocation strategies, and immunosuppressive regimens, 
involve complex considerations that are highly depend-
ent on the expertise, resources, and protocols of individ-
ual centers.4,5

This systematic review aimed to comprehensively eval-
uate the literature on CHLT in Fontan patients, focus-
ing on patient characteristics, perioperative outcomes, 
posttransplant morbidity, and mortality. By systemati-
cally synthesizing data from available studies, we seek to 
elucidate the overall efficacy, safety profile, and prognos-
tic factors associated with CHLT in this unique patient 
population.

MATERIALS AND METHODS
This systematic review with meta-analysis was registered 

in the International Prospective Register of Systematic 
Reviews (PROSPERO) under protocol CRD42024552552. 
This study was designed and conducted according to the 
Preferred Reporting Items for Systematic Reviews and 
Meta-analyses reporting guidelines.6

Study Eligibility
Inclusion in this meta-analysis was restricted to studies 

that met all the following eligibility criteria: (1) randomized 
control trials and observational studies; (2) patients with 
failing Fontan, any age; (3) studies reporting the CHLT 
procedure; (4) studies available for review in English; and 
(5) studies which reported any of the clinical outcomes of 
interest. Studies such as letters, editorials, expert opinions, 
case reports, and reviews; only abstract available; studies 
without usable data; and overlapping study populations 
were excluded from this analysis.

Search Strategy and Data Extraction
We systematically searched PubMed, Embase, and 

Cochrane Central Register of Controlled Trials from 
inception to January 2024 with the following search 
terms: “Fontan,” “CHD,” “congenital heart disease,” 
“transplant,” “transplantation,” “liver,” “CHLT,” “heart-
liver,” “HLT,” “HL.” In addition, the references of included 
studies were evaluated for additional studies. Two authors 
independently extracted the data (V.K.V. and V.A.) fol-
lowing predefined search criteria and quality assessment. 
Disagreements were resolved by consensus. The baseline 
preprocedural characteristic information was recorded for 
each study.

Definition of Failing Fontan
For this review, failing Fontan was defined as clinical, 

laboratory, pathologic, and imaging findings of signifi-
cant cardiac and/or liver function deterioration following 
the Fontan procedure. However, it is essential to note that 
there is no universally accepted consensus on the defini-
tion of failing Fontan, which may have introduced het-
erogeneity between studies. As a result, only studies with 

multimodal and extensive assessment of cardiac and liver 
function were considered acceptable for inclusion in the 
analysis.7-9

Endpoints
The primary efficacy endpoint was survival rate and 

secondary graft heart and liver rejection. The safety end-
points were postoperative complications: infection, renal, 
and neurologic events.

Quality Assessment
Two authors (I.F.F. and C.F.d.M.) independently eval-

uated the methodological quality of all included stud-
ies using the Cochrane Collaboration tool. We assessed 
the risk of bias in all studies using ROBINS-I (Risk of 
Bias in Nonrandomized Studies–of Interventions).10 
Disagreements were resolved by recruiting a third author 
to attain consensus (V.K.V.).

Data Analysis
This was a single-arm proportion meta-analysis. The 

statistical analysis was conducted using R version 4.3.2 
(R Foundation for Statistical Computing). We conducted 
a proportional meta-analysis, pooling the data with the 
“meta” package functions for all endpoints. The arcsine 
transformation was applied along with the inverse method 
for binary endpoints, as recommended by Schwarzer et al.11 
Likewise, the inverse method was applied to continuous 
endpoints without transformation. Whenever available, 
we used mean and standard deviations to pool continu-
ous data, and in the time it was missing, we estimated it 
through the Wan and Luo method.12,13 Skewed data were 
used in the first moment, and then, through a sensibility 
leave-one-out analysis, we assessed its impact on each out-
come to ensure proper results. Restricted maximum likeli-
hood random-effects modeling was used for all analyses, 
as we assume that the data come from varied populations 
with different distributions. Cochran’s Q test and I2 statis-
tics were used to evaluate heterogeneity; P values inferior 
to 0.10 and I2 > 50% were considered significant for het-
erogeneity. The results were presented as pooled analysis 
in forest plots.

RESULTS

Study Selection and Baseline Characteristics
The initial search resulted in 1657 articles: 371 from 

PubMed, 1235 from Embase, and 51 from Cochrane 
Library, 398 duplicates were filtered out, and the remain-
ing articles were reviewed through titles and abstracts. 
After applying the exclusion criteria, 56 studies were sub-
jected to the full‐text screening process, and an additional 
52 studies were eliminated. A total of 4 articles14-17 were 
identified for further analysis; the Preferred Reporting 
Items for Systematic Reviews and Meta-analyses flow 
chart is shown in Figure 1.

These 4 studies reported 67 patients, all of whom had 
previously undergone the Fontan procedure, followed up 
with heart failure, and subsequently underwent CHLT as 
a surgical approach.

The assessment of failing Fontan varied significantly 
across the included studies. In the study by Lewis et al,14 
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there was no explicit definition for failing Fontan. Still, 
liver dysfunction was evaluated through clinical and diag-
nostic markers, such as ascites (≥2 paracentesis), spleno-
megaly, and esophageal varices. Imaging and pathology 
reports were used to evaluate liver morphology. A ten-
tative calculation of FALD was made to quantify liver 
dysfunction objectively. D’souza et al17 used a compre-
hensive approach that included separate heart and liver 
transplant candidacy evaluations, incorporating exercise 
testing, pulmonary function tests, hemodynamic assess-
ment by cardiac catheterization, and hepatology evalua-
tion from biopsies, metabolic panels, model for end-stage 
liver disease score calculation, and imaging to assess car-
diac and hepatic morphology and function. In the stud-
ies by Wu et al15 and Sganga et al,16 patients were first 
evaluated for indications of heart transplantation, and 
both groups underwent formal liver transplant evalua-
tions, which included a combination of imaging findings 
of cirrhosis and portal hypertension, pathology findings 
of fibrosis, and model for end-stage liver disease score 
calculation.

All included studies are retrospective cohorts performed 
in the United States. Table 1 presents other characteristics 
of the included studies and patients.

Pooled Analysis of All Studies

Survival Rate
All studies reported a 1-y survival rate, with pooled 

analysis showing a rate of 88.8% (95% confidence 
interval [CI], 70.9%-98.7%). The I2 Statistic in the  
random-effects meta-analysis was 60%, indicating high 
heterogeneity between the pooled studies (Figure 2). Two 
studies also reported 5-y survival after CHLT transplant 
as 84% (Lewis et al) and 78% (Sganga et al). D’Souza et 
al reported a 100% survival rate in 4.6 y of follow-up of 
their cohort.

Postoperative Graft Rejection
Rejection assessment varied across the studies. Lewis 

et al did not provide specific data or clarify the grading 

FIGURE 1. Preferred Reporting Items for Systematic Reviews and Meta-analyses flow diagram of study screening and selection.
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method for rejection. Wu et al, Sganga et al, and D’Souza 
et al performed surveillance biopsies and used the 
International Society for Heart and Lung Transplantation 
criteria to grade rejection.

Regarding heart graft rejection, none of the studies 
reported cases with a rejection severity of ≥2 (moderate or 
severe).18 Wu et al and D’Souza et al reported mild cases 
of heart rejection, but none were greater than grade 1R. 
No graft loss was associated with these rejections. In the 
study by Sganga et al, no cases of heart rejection were 
reported in the CHLT cohort, whereas 12 cases of heart 
rejection were observed in the heart transplant (HT)-only 
cohort.

For liver graft rejection, as shown in Figure 3, the 
overall rate was 4.7% (95% CI, 0%-22.9%). Wu et al 

documented 3 cases of liver rejection, all managed with 
immunosuppressive therapy, and none resulted in graft 
loss. D’Souza et al reported 1 case of acute liver rejection, 
which was managed with steroids and did not lead to graft 
loss. Sganga et al observed 1 case of moderate acute cellu-
lar liver rejection, which did not result in graft loss.

Perioperative Data
Three studies reported perioperative and hospital data. 

All continuous data transformed followed a normal distri-
bution except for D’Souza et al for cross-clamp time and 
length of hospitalization endpoints. Of these, the average 
length of hospital stay was 28.2 d (95% CI, 22.2-34.1), 
with low heterogeneity (P = 0.20, I2 = 37%; Figure 4). We 

TABLE 1.

Baseline characteristics of included studies and patients

Lewis et al14 Wu et al15 Sganga et al16 D’Souza et al17

CHLT (n = 40) CHLT (n = 11) CHLT (n = 9) CHLT (n = 7)

Type of study Retrospective cohort Retrospective cohort Retrospective cohort Retrospective cohort
Country United States United States United States United States
Population Adult Fontan≥16 y Adult Fontan All Fontan Adult Fontan≥18 y
Age (y) 33 ± 7.7 37.0 (30.0–48.0) 19 (16–21) 36.8 (27.3–41.7)
Sex (male) NA 7 (63.6%) 3 (33%) 4 (57%)
Time from Fontan completion 28 ± 5.7 NA NA 22.9 (18.7–28.5)
Days on the waiting list NA 80.0 (16.0–117.0) 131 d (109–149 d) 0.7 y (0.1–3.5 y).
MELD-XI score 8.6 ± 9.2 13.0 (9.4–15.4) 10 (9–11) 6.8 (0.6–18.5)
GI varices 14 (37%) 6 (54.6%) 6 (67%) 3 (42%)
Ascites 29 (74%) 9 (81.8%) 8 (89%) 5 (71%)
Splenomegaly 21 (75%) 8 (72.7%) 7 (78%) NA
Serum creatinine 1.13 ± 0.7 1.2 (1.0–1.3) 0.82 (0.73–1.0) NA
Bilirubin 1.46 ± 1 1.2 (1.0–2.2) 1.2 (0.9–1.3) 1.0 (0.3–3.9)
    INR NA 1.8 (1.3–2.9) 1.4 (1.3–1.5) NA
Albumin 3.6 ± 0.9 3.6 (2.9–4.1) 4 (3.5–4.2) 3.0 (1.6–4.4)
Platelets 195 ± 93 198.0 (130.0–227.0) 118 (103–195) 193.0 (101.0–462.0)
Fibrosis grade≥3 on liver biopsy NA 3 (27%) 3 (50%) 4 (57%)
    VAD NA 0 (0.0%) 0 (0%) NA
Fontan pressure, mm Hg 17 ± 4.1 16 (14–20) 16 (12–28) 17 (14–18)
Diuretic
Inotrope support 15 (38%) (≥2 inotropes) NA 4 (44%) 4 (57%)
On anticoagulation NA 7 (63.6%) NA 6 (86%)
Hospitalized NA 7 (63.6%) 4 (44%) NA
UNOS status 1A/1B/2 NA NA 3/0/6 NA/NA/5

Values are mean ± SD.
BMI, body mass index; CHLT, combined heart and liver transplant; GI, gastrointestinal; INR, international normalized ratio; MELD-XI, model for end-stage liver disease excluding international normalized 
ratio; NA, not available; UNOS, United Network for Organ Sharing; VAD, ventricular assistance device.

FIGURE 2. Survival proportion analysis. CI, confidence interval.
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also assessed the cross-clamp time and cardiopulmonary 
bypass time (CPB), which were 148.27 min (95% CI, 88.7-
207.7; Figure 5A) and 235.93 min (95% CI, 193.6-278.2; 
Figure 5B), respectively. Both cross-clamp time and CPB 
had high heterogeneity between studies.

All studies provided further insights into the periop-
erative data. Lewis et al noted a mean allograft ischemic 
time of 237 min (not measures of dispersion). Sganga 
et al reported a median ischemic time of 293 min (255-
336). D’Souza et al reported a median allograft ischemic 
time of 211 min (146-277). No patients undergoing 
transplant against a crossmatch. Wu et al performed all 
the transplants sequentially using a heart-first approach. 
All patients underwent general anesthesia and received 
epoprostenol after cardiac allograft implantation 
(before CBP separation), which was continued into the 
postoperative phase of care. All liver transplantations 
were performed using a caval-preserving “piggyback” 
technique.19

Immunosuppressive Regimen
The immunosuppressive regimens across the stud-

ies included induction therapy with either basiliximab or 
antithymocyte globulin (ATG), followed by maintenance 
therapy with tacrolimus, mycophenolate, and steroids. 
Specifically, Wu et al used basiliximab in 14 patients and ATG 
in 2 patients, whereas Sganga et al used methylprednisolone 
for induction along with either ATG or basiliximab, followed 
by mycophenolate mofetil, a calcineurin inhibitor (CNI), and 
steroids for maintenance. Lewis et al and D’Souza et al did 
not provide detailed information on their immunosuppres-
sive regimens.

Postoperative Complications
Postoperative complications were reported by 3 

studies.15-17 The pooled incidence of renal outcomes is 
as follows: acute kidney injury (AKI) was reported with 

a pooled incidence of 75% (95% CI, 50.3%-93.1%; 
Figure 6A), with low heterogeneity (P = 0.16, I² = 45%). 
The definition of AKI varied between studies; specifically, 
Wu et al and Sganga et al used the kidney disease: improv-
ing global outcomes criteria for AKI, whereas Lewis et al 
and D’Souza et al did not provide a clear definition for 
AKI. Temporary dialysis was required in 27.7% (95% 
CI, 9.4%-51.1%; Figure 6B), with low heterogeneity 
(P = 0.21, I² = 37%).

The pooled neurologic event rate proportion was 
7.5% (95% CI, 0.03%-26.4%; Figure 6C) with low het-
erogeneity (P = 0.15, I2 = 48%). The same 3 studies also 
reported rates of infection, with a proportion of 23.9% 
(95% CI, 3.1%-55.7%; Figure 6D), with high heteroge-
neity between studies (P = 0.05, I2 = 68%), and a rate for 
unplanned additional medical procedures with a propor-
tion of 40.6% (95% CI, 23.2%-59.4%; Figure 6E) with 
no significant heterogeneity (P = 0.85, I2 = 0%).

Sensitivity Analysis
We performed a sensitivity analysis to explore the heter-

ogeneity between studies (I2 > 50%). Figures S1–S5 (SDC, 
http://links.lww.com/TP/D254; http://links.lww.com/TP/
D255; http://links.lww.com/TP/D256; http://links.lww.
com/TP/D257; http://links.lww.com/TP/D258) show the 
sensitivity analyses of the overall 1-y survival, liver rejec-
tion rate, cross-clamp time, CPB time, and infection rate, 
respectively.

Quality Assessment
Quality assessment of the included studies was per-

formed with Cochrane’s ROBINS-I tool for cohort stud-
ies.10 All studies were classified as having a moderate risk 
of bias in the confounding domain, given their retro-
spective and nonrandomized nature. Only 1 study14 was 
classified as low risk in the participant selection domain, 
given the use of appropriate analysis to mitigate selection 
bias, including propensity score matching, sensitivity, and 

FIGURE 3. Liver graft rejection proportion analysis. CI, confidence interval.

FIGURE 4. Length of hospitalization proportion analysis. CI, confidence interval.
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subgroup analysis. Overall, all studies were classified as 
having a moderate risk of bias (Table 2).

DISCUSSION
The Fontan procedure represents a significant advance-

ment in managing congenital heart defects, offering 
individuals with single ventricle physiology a chance at 

prolonged survival. However, the unique physiology of 
the Fontan circulation predisposes patients to develop 
FALD, leading to ESLD and posing considerable chal-
lenges for long-term management. CHLT has emerged as 
a potential therapeutic approach offering the possibility 
of improved outcomes and quality of life. The complexi-
ties of FALD present unique challenges in transplantation, 
affecting patient selection, perioperative management, 

FIGURE 6. Postoperative complications proportion analysis. CI, confidence interval.

FIGURE 5. Perioperative proportion analysis. CI, confidence interval.
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and posttransplant outcomes. Addressing these challenges 
requires a thorough understanding of patient characteris-
tics, perioperative outcomes, and posttransplant morbidity 
and mortality, which this systematic review and single-arm 
meta-analysis aimed to provide.1-4

The definition of failing Fontan remained inconsist-
ent across centers and publications. None of the included 
studies provided explicit criteria or a singular definition of 
Fontan failure. Instead, they relied on comprehensive clini-
cal evaluations, integrating various clinical, hemodynamic, 
and end-organ factors to identify eligible patients. These 
evaluations encompassed assessments of systemic venous 
congestion, hepatic dysfunction, and cardiac performance, 
among other parameters, rather than adhering to a stand-
ardized framework. This variability in patient selection 
could influence outcomes, as individuals with advanced 
liver dysfunction or systemic congestion may follow differ-
ent posttransplant trajectories compared with those with 
predominantly cardiac failure.7-9

The studies’ report of low rates of ventricular assistance 
device (VAD) and inotrope support before transplant is 
likely secondary to the complex hemodynamic factors in 
Fontan circulation. Fontan is a complex and multifacto-
rial process with contributions from valvulopathy, systolic 
and/or diastolic dysfunction, chronic venous congestion, 
lymphatic dysfunction, and pulmonary hypertension.20 
Therefore, unlike other heart failure etiologies, patients 
with Fontan physiology undergoing circulatory support 
present unique challenges related to patient selection 
because causes of circulatory failure vary greatly, ranging 
from systemic-sided issues (ie, systolic dysfunction) to pul-
monary concerns (ie, inefficient Fontan flow or increased 
transpulmonary gradient),21,22 if it is the former, systemic 
VADs and inotropes may not be as beneficial as passive 
pulmonary blood flow, which may remain inadequate 
despite mechanical support. Unfortunately, most failing 
Fontan present with a combination of both, which com-
plicates patient selection and may explain the inconsist-
ent results associated with using VADs described in the 
literature.21 Future research and strategies are needed to 
optimize bridging therapies for this high-risk population.

One-year post-CHLT survival rates were available in 
all included studies. The pooled analysis revealed a sur-
vival rate above 88%. Furthermore, 3 studies reported 
5, or close, year survival rates of 100%, 84%, and 78%, 

shedding light on the longer-term outcomes following 
CHLT in Fontan patients.14,16,17 Survival overall was com-
parable to other high-risk cohorts of adult heart transplant 
recipients.

The grading and severity of graft rejection are critical 
factors in determining long-term transplant outcomes 
and patient survival. In this study, 3 studies used the 
International Society for Heart and Lung Transplantation 
criteria for grading cardiac rejection.18 The overall rate 
of heart graft rejection was low, with none of the stud-
ies reporting severe rejection (grade ≥ 2). Mild rejection 
(grade 1R) was observed in Wu et al and D’Souza et al, but 
no cases of severe rejection were noted, and no graft loss 
occurred because of heart rejection.

Liver graft rejection was reported in 4.76% of patients, 
with mild-to-moderate rejections being the most common. 
No severe liver rejection was observed, and none of the 
patients required liver retransplantation. These findings sug-
gest that although liver rejection can occur in some Fontan 
patients, it is generally manageable with immunosuppres-
sive adjustments and does not frequently lead to graft loss.23

A comparative analysis between the HT-only and CHLT 
groups provides key insights into the protective effect of 
the liver allograft on heart rejection and the characteris-
tics influencing outcomes. In the study by Sganga et al, 
12 cases of heart rejection were reported in the HT-only 
cohort, whereas no heart rejections were observed in the 
CHLT cohort. Similarly, in the study by Lewis et al, 4 
deaths because of heart rejection occurred in the HT-only 
cohort, whereas no deaths were reported in the CHLT 
group. These observations support the hypothesis that a 
liver graft in CHLT may confer a protective effect against 
heart rejection through multifaceted immunological mech-
anisms. The liver allograft is thought to induce immune 
tolerance, mitigating T cell–mediated and antibody- 
mediated rejection in the cardiac allograft. Additionally, 
the liver can absorb and neutralize donor-specific antibod-
ies implicated in antibody-mediated rejection.24,25

Beyond immunological benefits, Lewis et al identified 
distinct differences in patient profiles between the CHLT 
and HT-only groups. CHLT patients were typically older, 
had a longer interval between Fontan failure and transplant 
and demonstrated greater reliance on pulmonary vasodila-
tors, diuretics, and inotropes, all markers of advanced dis-
ease. Despite these challenges, the survival outcomes for 

TABLE 2.

Risk of bias among included studies according to Cochrane’s ROBINS-I tool for cohort studies

Study D1 D2 D3 D4 D5 D6 D7 Overall

D’Souza et al17 Moderate Moderate Moderate Low Low Moderate Low Moderate
Sganga et al16 Moderate Moderate Low Low Low Moderate Low Moderate
Wu et al15 Moderate Moderate Low Low Low Moderate Low Moderate
Lewis et al14 Moderate Low Low Low Low Moderate Low Moderate
Domains
 D1: Bias because of confounding.
 D2: Bias because of selection of participants.
 D3: Bias in classification of interventions.
 D4: Bias because of deviations from intended interventions.
 D5: Bias because of missing data.
 D6: Bias in measurement of outcomes.
 D7: Bias in selection of the reported results.
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carefully selected CHLT patients were superior to those 
of HT-only patients, reinforcing the necessity for robust 
patient selection criteria.

Complementary analyses by Lewis et al also highlighted 
the impact of preoperative factors on transplant out-
comes. The additional article identified critical predictors 
of survival, such as the time from Fontan failure diagno-
sis to transplant evaluation, which significantly influenced 
survival at 1- and 5-y posttransplant. Other predictors of 
poor outcomes included veno-venous collaterals (increasing 
bleeding risk), lower extremity varicosities, New York Heart 
Association functional class IV, and mean arterial pressure 
<65 mm Hg, all reflecting advanced systemic disease.26

The immunosuppressive regimen typically includes a 
combination of CNIs, antimetabolites, and corticoster-
oids to reduce the risk of rejection. Tacrolimus, a com-
monly used CNI, is preferred because of its effectiveness 
in preventing acute cellular rejection and its better side 
effect profile compared with cyclosporine. Mycophenolate 
mofetil is often used in combination with tacrolimus to 
inhibit lymphocyte proliferation and reduce the incidence 
of rejection. Corticosteroids are administered periopera-
tively and tapered over time to mitigate inflammation and 
prevent acute rejection episodes. Additionally, induction 
therapy with agents like basiliximab or ATG is sometimes 
used in the early posttransplant period, particularly for 
patients who are highly sensitized or at higher risk of rejec-
tion. Future studies should assess new immunosuppressive 
regimens that consider the benefits of the liver allograft 
and explore the potential for reducing infection rates with 
lower pharmacologic interventions.5,27,28

Renal complications are a significant concern in Fontan 
patients undergoing CHLT. The pathophysiology involves 
multiple factors, including chronic elevation of central 
venous pressure inherent to Fontan physiology, periopera-
tive hemodynamic instability, and exposure to nephrotoxic 
medications such as CNIs. AKI emerged as a prevalent 
complication, with a pooled incidence of 71.61%. The high 
incidence of low heterogeneity between studies highlights 
the importance of renal function assessment and early 
intervention in preventing further renal deterioration in 
Fontan patients undergoing CHLT. The extensive nature of 
CHLT, often requiring prolonged cardiopulmonary bypass, 
further contributes to renal injury through inflammatory 
responses and potential ischemia–reperfusion damage.29,30

A subset of these patients also required renal replace-
ment therapy. The high incidence of dialysis, exceeding 
30%, underscores the severe impact of perioperative renal 
complications on patient outcomes. Addressing these 
renal challenges necessitates thorough preoperative assess-
ment, intraoperative renal-protective strategies, and vigi-
lant postoperative monitoring to optimize outcomes.31,32 
Although specific long-term renal outcomes post-CHLT 
in Fontan patients are not extensively documented, the 
existing literature suggests that these patients are at sig-
nificant risk for both acute and chronic renal complica-
tions. Continuous monitoring and management of renal 
function are crucial in optimizing long-term outcomes for 
this patient population.33

Despite the systematic approach and comprehensive 
analysis, several limitations merit consideration. First, the 
limited number of studies meeting inclusion criteria under-
scores the rarity of CHLT in Fontan patients. Heterogeneity 

across studies, particularly in endpoints, reporting, and 
patient characteristics poses challenges in data synthesis. 
Additionally, short follow-up durations may fail to capture 
long-term outcomes. Selection bias also impacts CHLT 
outcomes, as recipients often have more advanced disease 
and variability in referral timing and center expertise fur-
ther complicates comparisons. Finally, the lack of consist-
ent comparison strategies across studies limits the ability 
to draw robust conclusions about CHLT versus alternative 
treatment modalities like HT alone.

CONCLUSIONS
In summary, the systematic review and single-arm meta-

analysis results provide valuable insights into the efficacy, 
safety, and perioperative outcomes of CHLT in Fontan 
patients. Although survival rates appear promising, the 
presence of graft rejection and postoperative complications 
underscores the complexities and challenges associated 
with transplantation in this unique patient population. 
The rate of renal complications is particularly notable and 
requires further evaluation. Future research endeavors 
should address comparative approaches, optimize perio-
perative management strategies, and conduct long-term 
follow-up studies to further refine the clinical approach to 
CHLT in Fontan patients.
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