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Summary

In this expert opinion, we explore the growing practice of multi-organ transplantation (MOT) in which liver transplantation is
combined with another solid organ transplantation, such as heart, lung or kidney transplantation. There is an increasing demand
for MOT as a lifesaving treatment for patients with multi-organ failure, despite societal challenges like donor shortage and complex
logistics. MOT recipients, when well-chosen, demonstrate favourable survival outcomes, although the procedures involve
significant risks and require close coordination among specialised teams. Patient selection and resource allocation require careful
ethical consideration to balance equity and utility. Ethical dilemmas arise regarding prioritisation, particularly when organs are
allocated to one patient over several others. In this opinion paper, we emphasise the need for global standardisation of protocols
and robust multidisciplinary care. Immunological advantages, advanced risk assessments, and novel technologies, such as
machine perfusion, improve success rates. This opinion piece calls for harmonised policies to address disparities in organ

allocation while maintaining equitable access and optimised outcomes.

© 2025 Published by Elsevier B.V. on behalf of European Association for the Study of the Liver. R

aaaaaaa

Introduction

In recent years, improvements in post-transplant care have
made it possible to consider transplant candidates with more
complex medical conditions, leading to a rise in combined liver
multi-organ transplantation (LiMOT) procedures, which include
combined heart-liver (CHLT), liver-lung (CLLT), and liver-kidney
(CLKT) transplants, even as organ scarcity remains a significant
challenge. LIMOT practices present unique challenges that
demand: 1. careful evaluation of infrastructure and resources;
2. standardisation of immunosuppression protocols; 3.
comprehensive anti-microbial prophylaxis protocols; and 4.
multidisciplinary collaboration and integrated post-operative
care across organ systems. Once these systems are in place,
survival rates are similar in carefully selected LIMOT recipients
as in single organ transplant recipients, with the liver providing
immune-protective benefits for other allografts.’

However, a delicate balance exists in organ allocation.
Policy makers must weigh the benefits of utilising scarce re-
sources for one patient against the potential to save multiple
lives. This requires continuous evaluation of existing data and
maintaining system equity and utility.

During the 2024 ILTS (International Liver Transplantation
Society) Annual Congress, a multi-society joint symposium of
ILTS together with the European Association for the Study of
the Liver and American Association for the Study of Liver Dis-
eases was held, themed around LiIMOT. This symposium,
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which drew considerable attention, formed the basis of the
current expert opinion paper in which we will examine the
promises, pitfalls and ethical dilemmas associated with com-
bined heart-liver, liver-lung and liver-kidney transplantation.

Combined heart-liver transplantation

The need for CHLT arises from the close physiological link
between heart and liver diseases. Heart failure can cause liver
damage through congestion and ischaemia, while liver
dysfunction can exacerbate cardiac conditions. This interplay
necessitates careful patient selection to identify those who
would benefit most from a dual-organ transplant rather than an
isolated heart or liver transplant.?

According to recent guidelines, CHLT is particularly indicated
for patients with end-stage heart failure and significant liver
complications, such as cardiac cirrhosis or hepatocellular car-
cinoma, which can arise in chronic right heart failure or congenital
heart defect-related conditions like Fontan-associated liver dis-
ease. For these patients, a heart transplant alone may not suffice
due to the risk of hepatic complications that could hinder re-
covery or even be life-threatening.>* The most common in-
dications for CHLT are summarised in Fig. 1 and a strategy to
determine which patients could potentially benefit from CHLT as
opposed to single organ transplantation is proposed in Fig. 2.
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Current CHLT evaluation practices remain notably hetero-
geneous, highlighting significant challenges in standardisation.
The assessment of liver disease severity varies substantially
between centres, with some relying heavily on biopsy findings
while others prioritise imaging and non-invasive markers.*®
Patient selection criteria demonstrate marked variation
between centres with MELD-XI (a modified model for end-stage
liver disease score excluding international normalised ratio — as
CHLT candidates are often on vitamin K antagonists) score
cut-offs for listing ranging from 12 to 16 across institutions, and
significant heterogeneity in portal hypertension assessment
methods, with no consensus on optimal measurement tech-
niques or cut-off values.”

Geographic variations in practice reflect local resources and
expertise. European centres often favour en bloc procedures,
while North American programmes typically prefer sequential
transplantation, where both organs are implanted separately
but during the same operation. Asian protocols emphasise
living donation considerations, and resource-limited regions
face unique allocation challenges that influence their approach
to CHLT.

Outcomes following CHLT are generally favourable, with
5-year survival rates often exceeding 80%, similar to those for
isolated heart transplants. These outcomes are likely a result of
careful patient selection as well as the well-described liver-
related immunoprotective effects in CHLT.

While CHLT can be performed either sequentially or en bloc,
the sequential approach is typically preferred as it allows for
patient stabilisation and benefits from recent advances in liver
perfusion technology.® The liver's immunological privilege® in
CHLT provides protection against heart allograft rejection,
leading some centres to consider this approach for highly
sensitised candidates, with a liver-first strategy showing
particular benefit in these cases.
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The path forward requires collaboration to establish
evidence-based protocols while acknowledging regional re-
sources and constraints. Success in standardisation would
improve outcomes and ensure equitable access to this life-
saving procedure across the globe. The development of these
standards must carefully balance the need for consistency with
the flexibility to accommodate regional variations in resources
and expertise.

Key recommendations for combined heart-liver
transplantation:

e Consider CHLT for end-stage heart failure with
documented cirrhosis with portal hypertension or
end-stage liver disease otherwise meeting criteria for
liver transplantation (e.g. hepatocellular carcinoma).

e Use MELD-XI >14.1 as a cut-off for dual transplant
consideration.

e Evaluate severity of liver disease and portal
hypertension through imaging and biopsy.

e Combined heart-liver transplantation is preferred over
staged approach.

e Consider liverfirst approach for highly sensitised
patients.

Combined liver-lung transplantation

CLLT is an option for patients with concomitant end-stage
pulmonary and hepatic disease, in which failure of one organ
precludes transplantation of the other. UNOS (United Network
for Organ Sharing) data from 2006-2016 showed that, out of
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Familial hypercholesterolemia
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Alpha-1 antitrypsine deficiency
Interstitial lung disease with concommited
end-stage liver disease
COPD and concomittant end-stage liver disease

End-stage renal and liver disease
Polycystic kidney disease with liver complications
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Fig. 1. Most common clinical indications for combined heart-liver, lung-liver and kidney-liver transplantation, in the setting of cirrhosis with clinically sig-

nificant portal hypertension.
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Basic assessment of hepatic function:

Liver function tests (AST, ALT, GGT, alkaline
phosphatase, albumin, bilirubin, INR)

+
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Fig. 2. Suggested algorithm to assess whether liver function warrants combined liver transplantation in candidates for heart, lung or kidney transplantation.
ALT, alanine aminotransferase; AST, aspartate aminotransferase; CSPH, clinically significant portal hypertension; GGT, gamma-glutamyltransferase; INR, international

normalised ratio; HVPG, hepatic venous pressure gradient.

23,513 patients listed for lung transplant, only 110 (0.4%) were
listed for CLLT, of whom 35 died or were removed from the
waiting list (32%) and merely 40 (36%) eventually underwent
CLLT."® Indeed, CLLT is performed in a few high-volume
centres only, the largest of which reported 19 CLLTs over 12
years."" In fact, reported global practices appear limited to less
than 10 centres worldwide, most of them located in North
America and Western Europe. The allocation of CLLT is driven
by the LAS (Lung Allocation Score) and patients receive waitlist
priority over single organ transplantation candidates.

The primary driver of CLLT is the pulmonary disease, with
the most common indication being cystic fibrosis, followed by
interstitial lung disease, chronic obstructive pulmonary dis-
ease, including alpha-1 antitrypsin deficiency, and pulmonary
vascular disease'? (Fig. 1). Over time, the number of trans-
plants for cystic fibrosis is declining because of effective
therapy, while the number for interstitial lung disease
is increasing.

The two most common pulmonary conditions in end-stage
liver disease, i.e. hepatopulmonary syndrome and porto-
pulmonary hypertension, rarely warrant CLLT, as they usually
improve upon liver-only transplantation. Indeed, liver-only
transplantation resolves hepatopulmonary syndrome in 95%
of cases after 6-12 months, while in rare cases, CLLT can be
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considered for portopulmonary hypertension when liver-only
transplant is contraindicated (.e. mean pulmonary artery
pressure >45 mmHg despite targeted therapy for pulmonary
arterial hypertension).'®'4

The decision to perform CLLT as opposed to lung-only
transplant is largely based on the severity of the underlying
liver disease (Fig. 2). In CLLT surgery, the lungs are usually
implanted first, due to the severity of the pulmonary disease,
although ex vivo lung perfusion nowadays enables a liver-first
approach.'® Previously, all CLLTs were performed on cardio-
pulmonary bypass, while increasingly extracorporeal mem-
brane oxygenation is being used, which lowers operative risks.
However, perioperative mortality is still as high as 15%,
highlighting the complex nature of CLLT and the need for
experienced teams.'®

CLLT survival rates vary considerably in the small case-
series reported to date, ranging from 50-100% at 1 year and
49-100% at 5 years, with improvements in more recent eras.
CLLT is associated with inferior survival compared to liver-only
transplant and similar survival to lung-only transplant, although
in children and patients with cystic fibrosis, survival is similar
for CLLT and liver-only transplant.’® In a recent propensity-
score matched analysis investigating whether recipients of
CLLT actually needed the liver, CLLT recipients were compared
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to lung-only recipients with equal LAS and MELD-IX score.
While waitlist mortality (hazard ratio 3.2) and transplant ratio
(odds ratio 0.255) indicated higher waitlist removal in CLLT, no
survival advantage of CLLT over lung-only transplant was
found."”'® These data question the benefit and ethical princi-
ples of equity when allocating two organs to one recipient,
while at the same time CLLT provides a transplant benefit for
patients otherwise not eligible for single organ transplantation.
Therefore, as in other LIMOT, careful patient selection is key
in CLLT.

Key recommendations for combined liver-lung
transplantation:

e CLLT is a rare procedure performed in a few high-
volume centres in North America and Europe.

e Indications for CLLT are changing over time and
should be reserved for those patients with
simultaneous liver and lung failure, in whom failure of
one organ precludes lifesaving single organ
transplantation of the other.

e  Qutcomes after CLLT are comparable to lung-only, but
worse than liver-only transplantation.

e Patient selection is key to ensure equitable access to
transplant while at the same time providing a
lifesaving option for those otherwise not eligible for
transplantation.

Combined liver-kidney transplantation

Renal dysfunction in end-stage liver disease is not just a
complication; it is a decisive factor in the trajectory of patient
outcomes, pre- and post-transplant.’®° Despite advances in
understanding the pathophysiology of end-stage liver disease
and its renal implications, there remains a considerable gap in
standardised global criteria for CLKT eligibility.’

In contrast to CHLT and CLLT, the indication for CLKT is
usually driven by the kidney disease in patients with known
liver disease, or a multisystem disease affecting both organs
at the same time (Fig. 1); although, in rare cases, liver disease
is discovered during the evaluation for kidney transplantation
(Fig. 2). Here, the ethical considerations are different, since
the liver allocation system is based on MELD, which in-
corporates kidney function, potentially favouring patients on
the liver waitlist at the expense of those on the kidney waitlist.
To this end, in the US, the Organ Procurement and Trans-
plantation Network (OPTN) defined strict criteria for liver-
kidney transplant candidates based on chronic kidney dis-
ease (CKD), acute kidney injury and rare metabolic disorders.
Candidates who do not meet these criteria still have a "safety
net" to access a deceased donor kidney transplant if their
glomerular filtration rate is low (<20 ml/min) or if they are
dialysis-dependent between 60 days and 1 year after liver-
only transplantation.?? The access to CLKT is promoted in
cases where the severity of the disease (e.g. primary
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hyperoxaluria type 1 or polycystic disease) is not accurately
reflected by the MELD score through standard exceptions
which are nationally defined. In Europe, Eurotransplant
applies the MELD-based allocation system.”® Other CLKT
allocation policies across Europe also mostly rely on MELD-
based allocation with an individualised approach. The high
variability in regional policies, ranging from stringent OPTN
standards to the more flexible but less standardised Euro-
pean guidelines, underscores the need for a harmonised
approach that integrates both the complexity of renal
pathology and patient individuality.?*

This lack of uniformity, we believe, has significant implica-
tions that necessitate urgent re-evaluation and targeted stra-
tegic changes.

The growing body of evidence suggests that patients un-
dergoing CLKT experience improved survival rates compared
to those undergoing liver transplantation alone, especially in
those with advanced CKD or extended dialysis durations.?*2°
It is also essential to recognise that the demographics of
CLKT candidates are evolving, as recipients are becoming
older and presenting with more severe illnesses and comor-
bidities, including a higher incidence of metabolic disorders.
Furthermore, for haemodynamically unstable patients, the
delayed kidney after liver transplant approach has been
introduced. This method, combined with hypothermic ma-
chine perfusion, has demonstrated better outcomes
compared to CLKT. The interpretation of CLKT as a dual-
organ transplant that burdens the organ allocation system is
another point of debate that could do with a shift in
perspective. Instead, CLKT could be viewed as a strategic
investment in reducing cumulative healthcare costs and
improving long-term patient outcomes.?® The immunological
advantage that CLKT confers over kidney transplantation
alone should not be underestimated.?® This benefit not only
enhances the recipient quality of life but also optimises organ
utility by extending graft survival.

A vision for the future of CLKT should pivot from the
current reactive model to a proactive, risk-based evaluation
framework. This would mean expanding eligibility criteria
beyond mere numerical thresholds to include comprehensive
risk stratification models that integrate biochemical, imaging,
and histopathological markers. Incorporating tools such as
novel biomarkers indicative of early renal tubular damage or
endothelial dysfunction could help clinicians better distin-
guish between transient acute or acute-on-chronic kidney
injury and the progression to chronic, irreversible kid-
ney damage.?’

In conclusion, we believe the future of CLKT lies in
fine-tuning of the eligibility criteria to include more precise
biomarkers of irreversible vs. reversible kidney damage, and a
rebalance of utility and equity, taking into consideration addi-
tional benefits besides graft and/or recipient survival. A
collaborative international framework for CLKT policy devel-
opment could bridge these gaps. Aligning transplant practices
globally with evidence-based guidelines that emphasise per-
sonalised medicine will hopefully foster more equitable access
and improve prognosis.
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Key recommendations for combined liver-kidney
transplantation:

e There is a considerable gap in standardised global
criteria for CLKT eligibility.

e Indications for CLKT are changing: candidates are
getting older and sicker, with higher likelihood of
metabolic disorders and other comorbidities.

e  CLKT improves survival rates when compared to liver
transplantation alone, especially in those with
advanced CKD or extended dialysis duration.

e For haemodynamically unstable patients, the delayed
kidney after liver transplant approach may be
considered.

e There is an immunological advantage of CLKT over
kidney transplantation alone.

e A collaborative international framework for CLKT
policy development is needed.

Ethical perspective

The prevalence of LIMOT has increased significantly over the
past two decades, with more patients being listed for and un-
dergoing combined transplants. CLKT, the most common
multi-organ combination, has increased in the US from fewer
than 150 cases in 2000 to more than 700 cases in 2016,
accounting for 9.3% of the total liver transplants in that year.*®
Despite this increase, allocation policies for LIMOT remain
largely inconsistent around the globe with each multi-organ
combination having its own allocation policies and prioritisa-
tion. This variability can lead to LIMOT futility and inequity in
organ accessibility, either in the rate of transplantation or in the
waiting time for transplantation, for patients waiting for LIMOT
or a single organ.

The ethical framework that can guide the allocation of
LiIMOT focuses on two ethical principles — equity and utility. The
first implies that individuals who can derive similar benefit from
an organ ought to have equivalent access to it through an
equitable allocation system.?® While utility suggests that an
action is right if it promotes as much or more aggregate good
than an alternative action.®° In the transplant setting, utility
translates to the maximal good of an organ in terms of organ
and patient survival, improved quality of life, medical status and
quality adjusted survival while avoiding futile transplants. The
balance between equity and utility is critical for a just allocation
to multi-organ and single organ recipients.

LiIMOT s ethically justified when both transplanted grafts
are lifesaving (e.g. lung-liver or heart-liver). However, trans-
plant in the setting of CLKT where the kidney is not lifesaving
in the immediate peri-transplant time, poses an ethical
challenge, is less defensible and occasionally may be inap-
propriate. In a study from the US, recipients of LIMOT
compared to ‘next sequential kidney alone candidates’ were
more often white, had a shorter wait time, lower need for
dialysis pre-transplant and received higher quality organs,
but exhibited lower patient survival.®' These findings highlight
the potential impact of over-prioritisation of LIMOT vs. kidney
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transplant candidates, which can specifically disadvantage
certain groups, such as highly sensitised and/or paediatric
recipients. Furthermore, short and long-term outcomes
should be weighed when allocating organs to recipients of
combined grafts. LIMOT procedures are often considered
higher risk as they are performed in sicker recipients in multi-
organ failure, while recipient death naturally results in the loss
of two scarce organs that two other recipients could have
benefited from.

In an attempt to reduce these disparities and improve equity
and utility between kidney LIMOT and isolated kidney trans-
plant, OTPN defined in 2017 medical eligibility criteria for CLKT
based on predefined kidney function criteria or specific meta-
bolic diseases. In addition, to encourage avoidance of an un-
necessary kidney transplant, an allocation priority was provided
for isolated liver transplant recipients who did not recover their
kidney function post-transplant.?® A recent white paper by the
ethics committee of OPTN/UNOS on LiMOT allocation policies
and practice can help guide national and local policy devel-
opment to further optimise equity, utility and organ use.®?

Key recommendations and priority areas for field
advancement in multi-organ transplantation:

e Allocation policies for LIMOT should achieve balanced
equity and utility in multi-organ and single organ
transplant recipients.

e  Over-prioritisation of combined liver-kidney transplant
candidates negatively impacts other kidney transplant
candidates and should be avoided.

e LiMOT practices and policies need to be periodically
reviewed to monitor potential impact on recipients in
need of a single organ.

e National and/or regional policies for allocation of
LiIMOT are necessary to optimise equity and utility of
grafts.

e Assessment protocols for severity of liver disease and
portal hypertension need to be standardised.

e There is an unmet need for unified candidate selection
criteria for combined organ transplantation as opposed
to single organ transplantation.

e Data on long-term outcomes should be collected and
reported.

e Cost-effectiveness studies are needed.

Discussion

Single organ transplantation has transformed the prognosis
of patients with irreversible organ failure, offering renewed
life where alternatives are limited. Over the past 20 years,
LiMOT, including CHLT, CLLT, and CLKT procedures, has
become more prevalent despite challenges such as donor
shortages and complex management protocols. Notably,
patients listed for CHLT and CLLT face higher waitlist
mortality, underscoring the importance of LIMOT in certain
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high-risk populations where isolated organ transplantation
may not suffice.

Policymakers face ethical dilemmas when balancing the
allocation of limited donor organs to a single vs. multiple re-
cipients. Equitable distribution and maximising patient survival
remain critical priorities. LIMOT requires precise selection
criteria to identify patients who would benefit most. The inte-
gration of detailed risk assessments, advanced imaging, and
histopathological evaluations is essential to distinguish be-
tween reversible and irreversible organ damage. Additionally,
LIMOT recipients demand coordinated, multidisciplinary care
involving specialised preoperative assessments, immunosup-
pressive management, and post-transplant monitoring across
organ systems. Despite these complexities, carefully selected
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LiIMOT recipients demonstrate comparable or even improved
short- and long-term survival rates relative to single organ
transplant recipients. The success of these procedures hinges
on experienced transplant teams, standardised protocols, and
robust communication among all stakeholders to ensure
optimal outcomes and judicious use of scarce donor resources.
There is an unmet need to share and align knowledge and
practices of LIMOT across the globe through international
cross-disciplinary collaborative initiatives, uniting transplant
professionals (including the figure of transplant hepatologists),
policymakers and patient representatives in a joint quest to
minimise disparities in organ allocation while maintaining
equitable access and optimised outcomes for these com-
plex patients.
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