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INTRODUCTION

Shortage of deceased donor organs for transplantation has led 
to the increased use of organs from donation after circulatory 

death (DCD) donors.1 Despite, transplant surgeons tend to 
avoid use of DCD organs for more complex transplantations 
with expected longer ischemia times. Safe use of DCD livers 
for retransplantation has recently been described.2 However, 
there are currently no reports describing outcomes after mul-
tiorgan transplantation with DCD livers. The use of DCD 
organs for multiorgan transplantation can be enhanced if 
the detrimental effects of prolonged cold ischemia and sub-
sequent ischemia-reperfusion injury are overcome. Ex situ 
machine perfusion has proven to be an effective technique to 
reduce cold ischemia and resuscitate organs before transplan-
tation.3,4 We present a case in which the liver and lungs of a 
DCD donor were preserved using ex situ machine perfusion 
for combined liver-lung transplantation.

CASE DESCRIPTION

The recipient was a 19-year-old male patient requiring 
bilateral lung transplantation for severe progressive pleural-
parenchymal fibroelastosis and portal hypertension, most 
likely as a late complication of previous chemotherapy treat-
ment for rhabdomyosarcoma of the bladder at the age of 1. 
Hampering successful lung transplantation was extensive 
portal hypertension due to portal vein thrombosis, which 
was present from the portomesenteric confluence up to the 
intrahepatic branches with large abdominal and thoracic col-
laterals. A transjugular intrahepatic portosystemic shunt pro-
cedure was not possible because of the severity of the portal 
vein thrombosis. Therefore, the patient was listed for com-
bined liver-lung transplantation.
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Abstract. Shortage of deceased donor organs for transplantation has led to the increased use of organs from donation after cir-
culatory death (DCD) donors. There are currently no reports describing outcomes after multiorgan transplantation with DCD livers. 
The use of DCD organs for multiorgan transplantation can be enhanced if the detrimental effects of prolonged cold ischemia and 
subsequent ischemia-reperfusion injury are overcome.  We present a case in which the liver and lungs of a DCD donor were pre-
served using ex situ machine perfusion for combined liver-lung transplantation. The recipient was a 19-year-old male patient requir-
ing bilateral lung transplantation for severe progressive pleural parenchymal fibroelastosis and portal hypertension with portal vein 
thrombosis. The donor liver was preserved with dual hypothermic oxygenated machine perfusion, whereas the lungs were perfused 
using ex vivo lung perfusion. With ex vivo lung perfusion, total preservation time of right and left lung reached 17 and 21 h, respec-
tively. Now, 2 y after transplantation, liver function is normal and lung function is improving. To conclude, we suggest that combined 
transplantation of DCD liver and lungs is feasible when cold ischemia is reduced with ex situ machine perfusion preservation.
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The DCD donor was a 31-year-old female, with a body 
mass index of 23, who had suffered severe cerebral injury fol-
lowing a cerebrovascular attack. After withdrawal of life sup-
port, circulatory arrest occurred in 17 minutes. In situ cold 

perfusion of the liver and lungs was performed 17 and 21 
minutes after circulatory arrest, respectively.

To reduce cold ischemia time (CIT), both the donor liver 
and lungs were preserved with ex situ machine perfusion 

FIGURE 1.  Timeline of the combined liver-lung transplantation using machine preservation for both organs. DHOPE, dual hypothermic 
oxygenated machine perfusion; EVLP, ex vivo lung perfusion; SCS, static cold storage; WIT, warm ischemia time.

FIGURE 2.  Postoperative course after combined liver-lung transplantation. ALT, alanine aminotransferase; AST, aspartate aminotransferase; 
FEV1, forced expiratory volume in 1 s; FVC, forced vital capacity; POD, postoperative day; POM, postoperative month.
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immediately after arrival at our transplant center. According 
to our dual hypothermic oxygenated machine perfusion 
(DHOPE) protocol, the liver was perfused hypothermically 
(10°C), using low perfusion pressures for both the portal 
vein (4 mm Hg) and the hepatic artery (25 mm Hg).3 Before 
connection to the perfusion device, the liver was preserved 
by static cold storage for 5.2 hours. Dual HOPE was per-
formed with the Liver Assist device (Organ Assist, Groningen, 
the Netherlands) using University of Wisconsin Machine 
Perfusion Solution (CarnaMedica, Warsaw, Poland) and oxy-
genation with 100% FiO2 at 1 L/min. The donor lungs were 
perfused with the Lung Assist device (Organ Assist, Groningen, 
the Netherlands) using Steen solution (XVIVO, Gothenburg, 
Sweden). The lungs were placed in a perfusion dome at room 
temperature and slowly rewarmed to 37°C according to the 
ex vivo lung perfusion (EVLP) protocol as described previ-
ously.4 Before connection to the perfusion device, the lungs 
were preserved by static cold storage for 6 hours. A timeline 
is depicted in Figure 1.

While preparing the donor organs for machine perfusion, 
the recipient surgery was started in a separate operating 
room. The recipient hepatectomy was classified as difficult 
due to severe portal hypertension and resulted in 7.5 L of 
blood loss. After 2.5 hours of DHOPE, the recipient hepa-
tectomy and portal thrombectomy were finished and the 
donor liver was disconnected from the perfusion machine 
and implanted using standard piggyback-technique. Graft 
reperfusion was uneventful and with early recovery of bile 
production. Total preservation time of the liver had been 
10.2 hours. Subsequently, thoracotomy was performed and 
central extracorporeal life support (ECLS) was started. The 
donor lungs were disconnected from the perfusion machine 
after a total perfusion time of 6 hours, during which the liver 
transplant had been performed (Figure 1). Without the use of 
EVLP, the CIT of the lungs would have exceeded 16 hours. 
With EVLP, total preservation time of the right lung reached 
17 hours and 21 hours for the left lung. Before implanta-
tion of the left lung, a lobectomy of the left lower lobe was 
performed due to a small thoracic cavity. Both lungs were 
successfully transplanted with good reperfusion, but with 
development of some ischemia-reperfusion, lung-edema. 
Primary graft dysfunction stages at 24, 48, and 72 hours 
was scored grade 3 due to the continuation of ECLS, but 
the patient was improving clinically. On the intensive care 
unit, liver function restored rapidly (Figure 2) and transami-
nases and bilirubin decreased to normal levels within the 
first week after transplantation. Hypercapnia persisted due 
to a very rigid thoracic cavity and diaphragmatic paresis, 
and several rethoracotomies were performed in the first 
postoperative week because of rebleeding. The patient was 
disconnected from the ECLS on postoperative day (POD) 
18, followed by extubation on POD 21. He recovered well 
and was discharged on POD 40. Maintenance immunosup-
pressive therapy is administered according to standard lung 
transplantation protocol, with mycephenolic acid, predni-
solone, and tacrolimus. Now, over 2 years after combined 
liver-lung transplantation, the patient is doing relatively 
well, plays soccer in a transplant team and goes to univer-
sity. Lung function is improving, but with restrictions during 
sports, and liver and kidney function have normalized. One 
long-term biliary stricture developed at the site of the anas-
tomosis, which was treated endoscopically.

DISCUSSION

To the best of our knowledge, this is the first published 
case of combined liver and lung ex situ machine perfusion for 
subsequent combined liver-lung transplantation. This report 
illustrates that ex situ machine perfusion may be used as a 
tool to reduce CIT in case of combined organ transplantation.

Prolonged cold ischemia is an established risk factor for 
diminished outcome in both liver and lung transplanta-
tion, especially when grafts are derived from DCD donors. 
In liver transplantation, CIT is preferably kept under 6 
hours.5,6 Prolonged cold ischemia has been associated with an 
increased risk of graft loss and the development of nonanas-
tomotic biliary strictures.7,8 In lung transplantation, the cur-
rent maximum CIT used clinically is around 8 hours in most 
centers.9 Studies have shown reduced graft survival and more 
airway complications when CIT is prolonged.10,11 Ex situ 
machine perfusion could be used to reduce CIT and prolong 
preservation time to facilitate transplant logistics, such as for 
combined organ transplantation.

Combined transplantation of the lungs and liver is a com-
plex surgery and there are only a few case series published 
in the literature. The lungs are usually transplanted first with 
reported cold ischemic times of the liver ranging between 7 and 
18 hours.12-16 A report from Leuven describes the “liver first” 
principle with use of EVLP to prolong lung preservation, but 
these organs were derived from a DBD donor.17 Machine per-
fusion of donor liver and lungs allows the transplant team to 
modify the sequence of the transplantation based on recipient-
specific requirements. A liver first approach rapidly reduces 
portal hypertension in the thoracic collateral circulation, as was 
the case here. Lung transplantation first allows for maximum 
oxygenation with optimal positioning of extracorporeal sys-
tems. More importantly, combined liver and lung transplanta-
tion always comes with a complex logistical planning (eg, long 
anesthesia induction time, 2 separate transplant teams, possible 
difficulties with either transplant), which makes the elimination 
of concerns about prolonged CITs of crucial importance.

To conclude, we suggest that combined transplantation of 
DCD liver and lungs is feasible when CITs are reduced with 
ex situ machine perfusion preservation.
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