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Combined liver/thoracic transplantation (cLiThTx) is a complex procedure
for end-stage/advanced liver and heart(H)/lung(Lu) disease. To avoid futile
use of multiple organs in single recipients, results should be scrutinously
analyzed. Single-center cLiThTx (04/2000-12/2015) were reviewed for the
following: demographics, indications, surgical technique, complications,
rejection, and five-year patient survival. Results are reported as median
(range). Fourteen consecutive patients underwent cLiThTx: 3 cLiHTx, 10
cLiLuTx, and 1 cLiHLuTx. Recipient age was 42 years (17—63 years). Most
frequent indications were cystic fibrosis (n = 5), hepatopulmonary fibrosis
(n=12), amyloidosis (n =2), and epithelioid hemangio-endothelioma
(n = 2). Thoracic organs were transplanted first, except in three where LiTx
preceded LuTx. In the latter, lungs were preserved by normothermic
ex vivo lung perfusion. Stenting was performed for stenosis of bile duct
(n = 4), hepatic artery (n = 2), and bronchus (n = 2). Abdominal inter-
ventions were required for bleeding (n = 3), evisceration (n = 1), and
adhesiolysis (n = 1). One liver (cLiLuTx) was lost to hepatic artery throm-
bosis 3 months post-transplant and successfully retransplanted. One patient
(cLiHTx) died 4 months post-transplant (myocardial infarction). Follow-
up was 4 years (2 months—16 years). One liver and 5 pulmonary rejections
occurred, all mild and reversible. Two patients developed bronchiolitis
obliterans, one is clinically well 16 years post-transplant, and the other suc-
cessfully retransplanted. Estimated 5-year patient survival is 90%. CLiThTx
is safe with excellent short-/long-term surgical and immunological results.

Transplant International 2016; 29: 715-726

Key words
combined liver-thoracic transplantation, ex vivo lung perfusion, heart transplantation, liver
transplantation, lung transplantation

Received: 13 November 2015; Revision requested: 9 December 2015; Accepted: 31 March 2016;
Published Online: 28 April 2016

715



Ceulemans et al.

Transplantation of more than one organ in a single
recipient remains controversial but offers the possibility
of successful treatment for patients who would be unli-
kely to survive transplantation of an isolated organ [1].
Combined liver and thoracic transplantation (cLiThTx)
is a rarely performed and complex procedure with vari-
ability in indications, surgical techniques, and reported
outcome. Most common indications are familial amy-
loidosis in case of combined liver—heart transplantation
(cLiHTx), cystic fibrosis for combined liver-lung trans-
plantation (cLiLuTx), and cirrhosis with portopul-
monary hypertension for combined liver—heart-lung
transplantation (cLiHLuTx) [2-5]. To avoid futile use
of multiple scarce life-saving organs in single recipients
and to gain a better understanding of the outcome after
cLiThTx, the activity, indications, surgical techniques,
and results should be analyzed with scrutiny. Herein,
we analyze our short- and long-term single-center expe-
rience with cLiThTx and provide a detailed overview of
the published experience.

Single-center analysis

Fourteen consecutive patients who underwent simulta-
neous cLiThTx in our center between April 2000 and
December 2015 were retrospectively reviewed using data
prospectively collected in an ad hoc database. Three
patients underwent cLiHTx, 10 cLiLuTx, and 1 cLiH-
LuTx.

Recipient and donor demographics

Recipients and donors were analyzed for the following:
age, gender, blood group, cytomegalovirus (CMV) status,
human leukocyte antigen (HLA)-A/B/DR mismatches,
and crossmatch. For the recipient, the presence of cyto-
toxic antibodies and waiting time before transplantation
were analyzed. The donors’ causes of death were reviewed.

Indication for transplantation

The severity of liver disease was assessed by the model
for end-stage liver disease (lab-MELD) score. Parame-
ters for heart failure included: cardiac output (CO), left
ventricular ejection fraction (LVEF), mean pulmonary
artery pressure (mPAP), pulmonary capillary wedge
pressure (PCWP), pulmonary vascular resistance (PVR),
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and cardiac index (CI). Pulmonary function was evalu-
ated by forced expiratory volume in one second (FEV).

Procurement and transplantation

Organs were procured by standardized techniques and
preserved by static cold storage except in three cases
(cLiLuTx) where the lungs were normothermically per-
fused and oxygenated ex vivo (organ care system
(OCS)™ portable Lung device, TransMedics®, And-
over, MA, USA). Thoracic organs were transplanted
prior to the liver, with exception of the latter three,
where the LiTx was performed first (Fig. 1). In the
first of these three cases, this was due to a severe
acute liver failure-induced coagulation disorder. To
decrease the risk of bleeding during LuTx, the liver
was transplanted first. Due to an anticipated longer
lung preservation time, the lungs were normothermi-
cally perfused and oxygenated as previously reported
[6]. Based on this successful clinical experience, and
the potential benefits of this liver-first principle, we
opted for the same transplant sequence (liver first,
lung second) in two other cLiLuTx.

In all cases, the organs were transplanted orthotopi-
cally. LiTx was performed with assistance of a veno-
venous and portovenous bypass. Biliary anastomosis
was routinely accomplished with an end-to-end chole-
docho-choledochostomy. All LuTx consisted of bilat-
eral lung allografts and were transplanted sequentially
through bilateral anterior thoracotomy. Cardiopul-
monary bypass was only used in case of HTx. Once
the heart or heart-lung graft was transplanted, the
patient was draped again and a classic LiTx was per-
formed. In case of cLiHLuTx, a domino HTx was
considered but canceled due to poor ventricular func-
tion of the native heart. In one case (lung-liver Tx
sequence), membrane
oxygenation (VV-ECMO) was used as bridge to trans-
plant for hypoxic deterioration. After completion of
the LuTx, VV-ECMO was weaned successfully and the
LiTx could be performed without complications. In
all cases, the thoracic or abdominal transplant was
completely finished with closure of the skin before
the second transplant was initiated.

veno-venous extra- corporeal

Ischemic and ex vivo perfusion time

For the three lung allografts which were preserved by
ex vivo lung perfusion (EVLP), both ischemic times and
EVLP time were analyzed. For all other organs, cold
and warm ischemic times were reported.
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Immunosuppression

In case of combined LuTx, immunosuppression (IS) was
administered according to the LuTx protocol. Induction
IS consisted of 1000 mg intravenous mycophenolate
mofetil, 3 days of rATG (3 mg/kg/day) and 3 x 125 mg
methylprednisolone during the first postoperative day.
Maintenance IS consisted of tacrolimus with a target
trough level of 12-15 ng/ml, mycophenolate mofetil
(1000 mg; 2*/d), and a steroid taper (starting at 0.4 mg/
kg/day from day two). In case of simultaneous HTx, IS
therapy was similar except for an additional induction
bolus of 1000 mg methylprednisolone during reperfu-
sion and a maintenance steroid taper starting at
0.25 mg/kg/day. Mycophenolate mofetil was switched to
azathioprine in 2 cases and stopped in 6 due to leucope-
nia and/or gastrointestinal disorders. One patient was
switched from tacrolimus to everolimus.

Follow-up

Initial intensive care unit (ICU) and hospital stay were
analyzed. Complications requiring surgical re-interven-
tions were reviewed. Early (<3 months post-Tx) and
late (>3 months post-Tx) acute and chronic rejection
(biopsy-proven) were analyzed. Lung allograft rejection
was specified into three different types: acute vascular
rejection (type A), acute bronchial inflammation (type
B), and chronic airway rejection (bronchiolitis obliter-
ans syndrome (BOS)). BOS was determined by the

TRANSPLANT SEQUENCE
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Figure 1 Single-center transplant sequence: 11 heart/lung prior to
liver (all organs preserved on ice); 3 livers prior to lung (liver on ice,
lungs preserved with ex vivo lung perfusion).
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decrease in FEV; according to the International Society
for Heart and Lung Transplantation guidelines [7].
These endpoints were compared with single-organ
transplantations (liver, lung, and heart) performed at
our center during the same time period.

Statistics

For assessment of data and statistical analysis, Microsoft
Excel 2013 and GraphPad Prism 5 (GraphPad Software
Inc., La Jolla, CA, USA) were used. Five-year patient
survival was estimated with the Kaplan—Meier method.
Results are reported as median (range).

The main findings of our fourteen patients are summa-
rized in Table 1.

Recipient and donor demographics

Recipient age was 42 years (17-63 years). Six patients
were male and 8 were female. In none of the patients, cyto-
toxic antibodies were detected pretransplant. Time on the
waiting list was 3 months (24 days—1.5 years). Ten
patients were at home and 4 hospitalized at time of trans-
plantation. Organs were recovered from the same donor
with a median age of 43 years (27—67 years). Male/female
ratio was 4/10, resulting in 2 donor—recipient gender mis-
matches. All donors were brain dead, due to craniocerebral
trauma in 7, a cerebrovascular accident in 6 and anoxia in
1. Donor-recipient ABO blood group match was identical
in 8 and compatible in 6. Seven donor—recipients had a
CMV mismatch; crossmatch was negative in all; mean
HLA-A/B/DR mismatches were 1/2/2.

Indication

Liver indications were cystic fibrosis-related cirrhosis with
portal hypertension (n = 5), familial amyloidosis (n = 2),
epithelioid hemangio-endothelioma (n = 2),
induced cirrhosis (n = 1), hepatitis C virus-induced cir-
rhosis (n = 1), postethyl cirrhosis (n = 1), nonalcoholic
steatohepatitis (NASH) cirrhosis (n = 1), and tuberculo-
statics-induced liver failure (n = 1). Lab-MELD was 12
(6-32). Cardiac indications were familial amyloidosis
(n = 2) and restrictive cardiomyopathy (n = 1). The CO
was 2.6 I/min (2.4-3.2 I/min; normal: 4.9-5.6 I/min);
LVEF was 48% (32-75%; normal: 55-70%); mPAP was
30 mmHg (28-30 mmHg; normal: 15-24 mmHg); PVR
was 216 dyn*s/cm®  (200-236 dyn*s/cm*  normal:

cardiac-
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<240 dyn*s/cmz); and the CI was 1.6 (1.5-1.7). Pul-
monary indications included cystic fibrosis (n =5),
epithelioid hemangio-endothelioma (n = 2), hepatopul-
monary fibrosis (n = 2), and chronic obstructive pul-
monary disease (COPD) stage IV (n = 1). Predicted FEV,
was 35% (12-113%). Indication for combined pulmonary
and cardiac replacement was hepatitis C virus-induced cir-
rhosis and portopulmonary hypertension (n = 1) with a
mPAP exceeding 50 mmHg (normal: 15-24 mmHg), a
mPCWP of 5 mmHg (normal: 15 mmHg), and PVR
reaching 502 dyn*s/cm” (normal: < 240 dyn*s/cm”®).

Ischemic and operative time

In the three cases of liver-first transplantation, cold and
warm ischemic times for the liver were 320 (240-438)
and 40 (32-50) min, for the first lung 150 (80-324) and
70 (57-99) min, and for the second lung 330 (227-497)
and 64 (58—67) min; EVLP time for the lung grafts was
668 (492-675) min. In the other cases (n = 11), cold
and warm ischemic times for the liver were 632 (552—
757) and 44 (24-57) min, for the first lung 178 (93—
230) and 62 (51-75) min, for the second lung 352
(224-460) and 67 (45-119) min, and for the heart 100
(30-135) and 33 (30-40) min, respectively.

Follow-up

Initial ICU and hospital stay was 24 (6-92) days and 60
(21-114) days, respectively. Stenting was required for
bile duct stenosis (n = 4, of which 2 had cystic fibrosis),
hepatic artery stenosis (n = 2), and bronchial stenosis
(n=2). Abdominal re-interventions
required for bleeding (n = 3), evisceration (n = 1), and
adhesiolysis for obstruction (n = 1).

Follow-up was 4 years (2 months -16 years). So far,
one mild acute liver, five late mild pulmonary rejec-
tions (4*Al and 1*Bl), and no acute heart rejection
have occurred. No chronic liver or heart rejection was
diagnosed. The cLiHLuTx recipient developed BOS but
is clinically well almost 16 years post-transplant. One
cLiLuTx developed BOS with acute deterioration
4.5 years post-Tx, requiring re-LuTx. The patient is
clinically well 1 year later. One liver (cLiLuTx) was lost
to hepatic artery thrombosis and successfully retrans-
planted 3 months post-Tx. One patient (cLiHTx) died
to acute myocardial infarction 4 months post-Tx. Esti-
mated 5-year patient survival was 90%. Subanalysis of
these endpoints for each organ combination and com-
parison to single-organ experience is summarized in
Table 2.

surgical were
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A low incidence of rejection (1 mild in liver, 5 mild in
lung) and graft loss (1 liver and 1 lung) and a 5-year
patient survival of 90% in our cohort of fourteen
patients who received a cLiThTx confirm that cLiThTx
is a feasible and life-saving procedure in selected
patients. Indications for cLiThTx and experience have
grown over the last decade, which is confirmed by the
European and United States registries. For the Euro-
transplant activity from 2000 till 2015, we obtained fol-
lowing data from the Eurotransplant data registry: 17
cLiHTxX, 44 cLiLuTx, and 5 cLiHLuTx [8]. Our fourteen
procedures represent 21.2% of this Eurotransplant activ-
ity (Fig. 2). The United States Organization for Pro-
curement and Transplantation (OPTN) reported
following experience from 2000 till 2015: 173 cLiHTx,
67 cLiLuTx, and 10 cLiHLuTx [9]. Although multi-
organ transplantation has gained acceptance, the proce-
dure still faces many challenges. With an increase in
cLiThTx indications and activity, but a severely limited
availability of suitable donor organs, the allocation of
two or more vital organs to a single recipient confronts
us with many ethical questions [1]. Therefore, it is of
utmost importance to report the outcome of these com-
plex procedures.

Prioritization of multiple organ candidates on the
waiting list

Although the goal should be to treat those patients
with the highest medical urgency and restrict the over-
all waiting list mortality, the severity of illness for
patients with multiple organ failure may not be accu-
rately described in current single-organ allocation mod-
els. Our data show that the lab-MELD at time of
simultaneous Tx is relatively low (median of 12); how-
ever, waiting list mortality for these patients would
undoubtedly be higher than patients with isolated hep-
atic failure and a similar lab-MELD score. Wolf and
Schaffer clearly demonstrated that patients listed for
cLiThTx have a higher risk to die on the waiting list
than candidates awaiting a single organ, and once
transplanted, cLiThTx recipients have a significant sur-
vival benefit [1,10]. Criteria for prioritizing cLiThTx
candidates may need to be considered to reduce dis-
parity in waiting list survival. Eurotransplant (to which
Belgium participates) adapted its regulations for listing
of cLiThTx candidates to this inequality [11]. In order
to be able to allocate two or more organs to one
patient, every case has to be presented to an auditing

Transplant International 2016; 29: 715-726
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Table 2. Single-center experience with rejection, morbidity, ICU/hospitalization stay, and survival in the combined organ
versus the isolated organ transplants

Number 14 10 3 1 879 795 341
Acute Rejection Liver 7% Liver 10% Liver 0% Liver 0% 27% 46% 15%
Lung 36% Lung 40% Heart 0% Lung 100%
Heart 0% (mild) Heart 0%
Chronic Rejection  Liver 0% Liver 10% Liver 0% Liver 0% 1% 26% /
Lung 14% Lung 10% Lung 100%
HAT 7% 10%* 0% 0% 2.6% / /
HAS 14% 10% (stent) 33% (stent) 0% 0.3% / /
Biliary stricture 29% 30%7 (stent) 0% 100% (stent) 22% / /
with
intervention
Bronchial stenosis  14% 20% 0% 0% / 11% /
with
intervention
Surgical 36% 30% 33% 100% 31% NA NA
re-intervention Bleeding (abd) Evisceration Bleeding (thor)
Bleeding (thor)
Obstruction
ICU (days) 24 (6-92%) 24 (9-63) 8 (6-92%) 33 7 (1-91) 11 (2-97) 10 (1-198)
Hospitalization 63 (21-100%) 63 (24-114) 30 (21-100%) 64 28 (8-388) 30 (8-252) 27 (14-196)
(days)
1 year patient 90% 100% 67% 100% 91% 91% 92%
survival
5 year patient 90% 100% 67% 100% 87% 73% 88%
survival

*Leading to ischemic cholangitis and re-liver transplant.
+1 in liver-lung (stent), 2 in lung-liver (both stent).
11 patient died due to myocardial infarction.

HAT, Hepatic artery thrombosis; HAS, hepatic artery stenosis; ICU, intensive care unit.

committee of Eurotransplant. If permission is granted,
the patient is listed immediately following the high-
urgency candidates. Allocation of thoracic organs pre-
cedes the liver, intestine, pancreas, and kidneys. This
implicates that for cLiThTx the heart and lung alloca-
tion rules will be followed (center-oriented allocation
of heart or lungs from local donors within the hospital
network). On the other hand, one may argue that iso-
lated transplant candidates could be disadvantaged by
prioritization of combined organ transplant candidates.
However, based on the OPTN data of 2007-2013,
Goldberg concluded that single-organ candidates —
who were bypassed on the waiting list by cLiThTx can-
didates — did not experience an increased waitlist
mortality compared with matched controls [12].

720

Indications

Indications and results of the largest reported series on
cLiThTx are summarized in Table 3 [3-5,13-25]. As in
our experience, the most frequently reported indication
for cLiThTx is a systemic disease, like familial amyloi-
dosis involving both cardiopulmonary and hepatic
systems for cLiHTx; and cystic fibrosis or alpha-1-anti-
trypsin deficiency for cLiLuTx. A second group of
patients suffers from a primary organ disease with a
subsequent failure of another organ. The most common
example for cLiHTx is cardiomyopathy leading to car-
diac cirrhosis, and for cLiLu(H)Tx, the most frequent
condition is hepatic cirrhosis evolving to portopul-
monary hypertension. A third option is a primary

Transplant International 2016; 29: 715-726
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Figure 2 Worldwide combined liver—thoracic transplant experience
(2000-2015): The United States Organization for Procurement and
Transplantation (OPTN): 173 cLiHTx, 67 cLiLuTx, and 10 cLiHLUTXx.
The Eurotransplant data registry: 17 cLiHTx, 44 cLiLuTx, and 5 cLiH-
LuTx. The Leuven experience: 3 cLiHTx, 10 cLiLuTx, and 1 cLiHLuTXx.
CLiHLuTx: combined liver/heart/lung transplantation.

disease of both organs, like the patient in our series
who was listed for end-stage lung failure (COPD) and
developed drug-induced acute liver failure [6], as well
as the two cases of epithelioid hemangio-endothelioma
previously reported by our group for the first time [26].

Combined liver and heart transplantation

In 1984, Starzl reported the first successful cLiHTx in
a 6-year-old girl with severe familial hypercholes-
terolemia and heart failure secondary to coronary
artery disease [27]. But only over the last years, several
single-center experiences with cLiHTx were published,
of which the largest are those reported by Atluri (Stan-
ford; n =26) and Barbara (Mayo clinic; n = 27)
[3,18,20,22,23,25]. These data and a review of the
OPTN experience in 2012 by Cannon, including 97
cLiHTx, confirmed the feasibility of this procedure and
revealed excellent 1- and 5-year graft and patient sur-
vival (85-100% and 73-83%) similar to isolated heart
transplantation (84% and 70% according to the most
recent report of the International Society for Heart
and Lung Transplantation) [2,16,28].

Combined liver and lung transplantation

Experience with cLiLuTx has rarely been reported. The
largest published single-center cohort is by Grannas
(Hannover; n = 13) [17]. One- and 5-year patient sur-
vival in this cohort was limited to 69% and 49%, respec-
tively. Five recipients (38%) from the Hannover group
developed pneumonia within 3 months post-Tx leading
to death in 3 of them. The largest cLiLuTx experience
within the United States was published by Arnon who

Transplant International 2016; 29: 715-726
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identified 7 children and 8 adults (suffering from CF) in
the OPTN database till 2008 [5]. One- and 5-year patient
survival was 80% which seemed similar to patient sur-
vival after isolated LuTx for CF (84 and 76%) [5].
Although the Paris group probably has the largest expe-
rience, detailed results from the last decade have not
been reported [13].

Combined liver, heart, and lung transplantation

Although cLiHTx and cLiLuTx activities are increasing,
experience with cLiHLuTx remains limited [5 cases regis-
tered in Eurotransplant; 10 in the United States (2000—
2015)]. The first cLiHLuTx was performed by Sir Roy
Calne in 1986 [29]. A 35-year-old woman suffering from
end-stage primary biliary cirrhosis and severe PPHT
underwent transplantation of an en bloc heart-lung and
sequential liver graft. After this first case, Calne modified
the technique to an en bloc double-lung—heart-liver trans-
plant and applied this in 7 cases for CF and 1 for alpha-1-
antitrypsin deficiency where the native heart was used for
a domino transplant [14]. A domino procedure was also
foreseen in our cLiHLuTx patient, but was aborted due to
largely dilated right native ventricle and poor contractile
function at the time of transplantation [4].

Surgical techniques

Cardiopulmonary and veno-venous bypass

Various methods have been described for the application
of cardiopulmonary and veno-venous bypass. In our
experience, veno-venous bypass (porto-femoro-axillary)
was used during LiTx in all cases as it might support
hemodynamic stability and reduce portal or retroperi-
toneal venous hypertension during caval and portal vein
occlusion. The same reason was advocated in the series of
Yi, Barabara, and Atluri [22-24]. In contrast to our and
Yi's experience where cardiopulmonary bypass was not
used for cLiLuTx, it was applied in this setting by several
other centers: the group of Couetil described completion
of the thoracic organ implantation with the use of car-
diopulmonary bypass, after which the bypass was
stopped, heparinization was reversed and LiTx could
safely be performed [13]. Barshes and Grannas mentioned
the same technique in some of their patients [15,17].

Bile duct anastomosis

One of the most debated questions is whether or not to
perform a biliary reconstruction with an end-to-end
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anastomosis or Roux-en-Y choledochojejunostomy;
especially in case of CF, it is assumed that the condition
could have a detrimental impact on the biliary duct
anastomosis. This can be due to the fact that the gene
encoding for the cystic fibrosis transmembrane conduc-
tance regulator (CFTR) that is expressed in the liver
exclusively in the biliary epithelial cells, contributing to
ductal bile excretion, is mutated in case of cystic fibro-
sis. Mutations in this channel will lead to bile thicken-
ing, stone formation, bile duct obstruction, biliary cell
necrosis, and cholangitis [30,31].

In their series of 10 consecutive cases of cLiLuTx for
CF, Couetil opted for biliary reconstruction by end-to-
end anastomosis with a T-tube in 2 cases, and Roux-
en-Y choledochojejunostomy in 8 [13]. Biliary stric-
tures developed only in the first 2 patients who needed
reconversion to a Roux-en-Y choledochojejunostomy.
In contrast to this, Grannas performed a duct-to-duct
anastomosis in 12 of 13 cases (including 5 with CF)
and a Roux-en-Y in the other [17]. Only 1 stenosis
was observed in the patient who underwent the Roux-
en-Y procedure. In our series, where biliary reconstruc-
tion was routinely accomplished with an end-to-end
choledochostomy, we encountered 4 bile duct stenoses
(of whom 2 underwent cLiLuTx for CF) who required
endoscopic retrograde cholangiopancreatography and
stenting.

Skin closure

Although we routinely decided to completely finish one
transplant before initiating the other, most centers
leave the chest open during LiTx to allow access for
temporary porto-atrial shunting. Couetil argued that the
thorax should be closed before the completion of the
biliary anastomosis to reduce the risk of infection [13].

Liver-first principle

In accordance with the generally accepted tolerable cold
ischemic period, which is shorter for the heart or lungs
than for the liver, almost all cLiThTx reported so far
were performed in the same sequence: H/LuTx prior to
LiTx. Only few exceptions were described: first, en bloc
double-lung-liver—heart transplantation was routinely
performed at Papworth hospital, Cambridge [14]. Sec-
ond, in two cases from the Mayo Clinic in Rochester,
LiTx was conducted prior to HTx [22,32]. In this set-
ting, it was hypothesized that the transplanted liver
graft would be able to absorb high-titer donor-specific
HLA After transplantation

antibodies. crossmatch
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turned negative, anti-HLA antibody titers decreased
significantly and no rejection occurred. Finally, our
group described the first case of LiTx prior to LuTx in
a patient with COPD and acute liver failure [6]. Fol-
lowing an abnormal coagulation status (INR >10), the
decision was made to transplant the liver first to cor-
rect the coagulation status and render the subsequent
LuTx safer. In anticipation of the longer lung preserva-
tion time, the lungs were normothermically perfused.
No rejection occurred. Following this experience, we
performed two additional successful cases reported
herein.

Additional hypothetical incentives of this liver-first
principle are as follows: (i) liver reperfusion—injury is
captured by the native lungs instead of the new lungs,
reducing lung edema; (ii) restoration of the coagulation
status might reduce the need for transfusion during
LuTx and thereby prevent edema of the new lungs;
and (iii) shorter liver cold ischemia time results in less
biliary strictures [33]. In our first two cases of liver-
first sequence, the transplantation of both organs was
performed without any hemodynamic or ventilation
problems. However, in the third case (cystic fibrosis
and cirrhosis), it might have been preferable to trans-
plant the lung first, in retrospect, due to the very poor
oxygen delivery during LiTx (pO2 23 mmHg, pCO2
59 mmHg, lactate 6.1 mmol/L). In the latter case, the
sickest-organ first principle would have overcome the
benefits of the [liver-first.
sequences, the lungs were preserved with EVLP which
could safely extend the ex vivo time of the lung grafts.
Although follow-up is relatively short (3 months,
1.5 years, and 2.5 years), results are promising.

In all three liver-first

Immunoprotective effect in combined organ
transplantation

This series and others confirm that patients receiving
combined transplantation exhibit relatively low rates of
rejection [34,35]. The liver in particular appears to pro-
vide a protective effect to other organs, confirming its
“immunoprivileged” status [36]. Multiple mechanisms
have been proposed to explain this protective effect of
the liver: the liver ability to “absorb” and “neutralize”
lymphocytotoxic antibodies (particularly class I) [37-
39], the release of soluble human leukocyte antigens
acting as blocking factors, expansion of regulatory cells,
and deletion of cytotoxic cells. It has also been sug-
gested that a higher antigen load (independent of the
type of transplanted organ) may exert a beneficial effect
on graft survival. Because of the overwhelming pressure

Transplant International 2016; 29: 715-726
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on the immune system, a state of immune paralysis is
deployed in which the host becomes unable to mount
any further immune response to foreign antigens. This
phenomenon has been referred to as “Activation
Induced Cell Death” [40]. This could implicate that
patients undergoing cLiThTx may tolerate a reduced
level of chronic immunosuppressive therapy compared
with patients undergoing isolated organ transplantation.

Our single-center experience illustrates that cLiThTx is
a feasible and life-saving procedure for selected patients
with excellent long-term results and a low risk of rejec-
tion and graft loss. Transplanting the liver first might
have several potential advantages that need further
exploration.
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