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Introduction

Liver transplantation (LT) benefits  patients with 
decompensated liver cirrhosis, acute liver failure, or 
hepatocellular carcinoma. The greatest challenge in LT is 
the insufficient number of donors for the growing number 
of transplantation candidates. Various surgical strategies have 
been adopted to overcome the increasing donor-recipient 
disparity, including sequential/“domino” transplantation, 
split LT, use of marginal livers, and living donor LT (LDLT). 

To ensure the safety of donors and recipients, dual-graft LT 
may be considered (1). Herein, we describe the first successful 
hybrid-dual-graft LT in an obese patient requiring urgent LT, 
which involved transplantation of an otherwise-wasted resected 
liver lobe from a patient with a benign hepatic tumor and an 
inadequate-size living donor graft from the recipient’s father.

Case presentation

Donor and recipient descriptions

A morbidly obese 28-year-old male [125 kg; body mass 
index (BMI), 39.5 kg/m2] presented to Zhongshan Hospital 
with acute portal hypertension–related gastrointestinal 

hemorrhage (blood loss, 2,900 mL). He had severe hepatitis 
B-related cirrhosis and hepatocellular carcinoma (2.8 cm 
in diameter) and was on the LT waiting list in the China 
Organ Transplant Response System (blood group, A+). 
Given his critical clinical condition, emergent LDLT was 
indicated.

The recipient’s 54-year-old 75-kg father (BMI, 23.7 kg/m2)  
had blood group A which is the same blood group as the 
patient and agreed to donate the right lobe of his liver. 
Computed tomography (CT) volumetry showed a calculated 
right lobe volume of 686 mL without middle hepatic vein 
(MHV) and 747 mL with MHV. The predicted graft-to-
recipient weight ratio (GRWR) was 0.55% without MHV 
and 0.60% with MHV. It is widely accepted that to avoid 
small-for-size syndrome, the GRWR should be >0.80% (2). 
Therefore, additional liver volume was required. However, it 
was impractical to find another living donor for the traditional 
dual-graft LT given the emergent situation, especially since 
a coronavirus disease 2019 (COVID-19) outbreak was 
occurring in Shanghai at that time (March 2022).

Fortunately, a 43-year-old female with a large hepatic 
tumor in the caudate lobe suspicious for hepatic adenoma 
had blood group A (Figure 1A-1D). She planned to 
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Figure 1 Imaging & pathological characteristics of the hepatic tumor from the female patient and images of dual grafts implantation. The 
tumor of the female patient was located in the caudate lobe, MRI presented arterial phase enhancement (A) and portal venous phase washout 
(B). Coronal imaging showed the tumor was located between the left and right branches of portal vein and also among the left, middle and 
right hepatic veins (C). Three-dimensional reconstructed image was more intuitive to show the location of the tumor (D). Only after left 
hemihepatectomy, circa one third of tumor (outlined by dashed lines) in the caudate lobe was visible (E). After complete resection of the 
caudate lobe tumor, the MHV, RHV and IVC were clearly exposed (F). The diameter of the resected tumor is 7.0 cm, and the central scar 
(white arrow) was visible on the section (G). Tumor pathological diagnosis of resected liver lesions revealed FNH. Hepatocellular nodules of 
different sizes were separated by fibrous septa (hematoxylin and eosin staining, ×1.25) (H). Dual grafts were orthotopically implanted at the 
recipient’s corresponding liver fossa (I), respectively, and on PTD 66, CT hepatic angiography findings showed hepatic artery (J) and portal 
vein (K) were patent. MHV, middle hepatic vein; RHV, right hepatic vein; IVC, inferior vena cava; MRI, magnetic resonance imaging; 
FNH, focal nodular hyperplasia; PTD, post-transplantation day; CT, computed tomography.
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undergo left hemihepatectomy and caudate lobectomy and 
volunteered to donate her resected left lobe, which would 
be otherwise wasted. On CT volumetry, the calculated 
volume of her left lobe was 432 mL, resulting in a predicted 
GRWR for the recipient of 0.35%. Thus, the total 
predicted GRWR of the dual-grafts from the father and this 
woman was 0.90% (0.55% + 0.35%).

Hybrid-dual-graft LT

Liver donations were approved by our hospital ethics 
committee. The two grafts were procured consecutively. 
First, the female patient underwent left hemihepatectomy 
without pedicle clamping (Figure 1E) and then caudate 
lobectomy for tumor resection (Figure 1F). Intraoperative 
rapid pathology analysis confirmed the presence of focal 
nodular hyperplasia (FNH) (Figure 1G,1H). Next, the right 
lobe liver graft from the father was retrieved by transecting 
the liver on the right side of the MHV. Cryopreserved iliac 
artery was used to reconstruct the segment V hepatic vein 
outflow tract of right liver graft in back table. The right lobe 
graft (570 g) was orthotopically implanted into the recipient’s 
right liver fossa, followed by implantation of the female 
patient’s left lobe graft (370 g) without FNH (Figure 1I). The 
total dual liver graft weight was 940 g (570 g + 370 g), with a 
true GRWR of 0.75%. For the right lobe graft, right hepatic 
vein (RHV), right branch of portal vein, were anastomosed to 
the recipient’s RHV, right branch of portal vein, respectively. 
After right lobe graft reperfusion, reconstructed segment V 
hepatic vein was anastomosed to the side wall of inferior vena 
cava (IVC). For the left lobe graft, left hepatic vein (LHV) 
and recipient’s common trunk of the left and middle hepatic 
veins, left branch of portal vein and left branch of recipient’s 
portal vein were anastomosed, respectively. After blood 
reperfusion of the left lobe graft, we started to anastomose 
hepatic artery and bile duct. Right hepatic artery (RHA), 
left hepatic artery (LHA), right hepatic duct (RHD) and left 
hepatic duct (LHD) of the 2 grafts were anastomosed with 
RHA, LHA, RHD and LHD of the recipient, respectively. 
Intraoperative color Doppler ultrasound suggested that the 
blood flow of dual grafts was normal. 

Perioperative complications and follow-up

Both donors tolerated the operation without complications 
and recovered uneventfully. They were discharged with 
normal liver function tests. On post-transplantation day 
(PTD) 4, the recipient’s LHA was not clearly displayed on 

routine bedside ultrasound, and subsequent arteriography 
confirmed irregular stenosis of the LHA lumen; early 
thrombosis was diagnosed. A rapamycin-coated stent was 
implanted, and the splenic and gastroduodenal arteries were 
embolized with coils to alleviate arterial steal syndrome. 
Continuous transcatheter arterial thrombolysis with 
urokinase was performed, resulting in a patent LHA. The 
patient recovered well and was discharged with good liver 
function on PTD 37. CT hepatic angiography showed 
a normal LHA without stenosis (Figure 1J,1K), and liver 
function was normal on PTD 66.

All procedures performed in this study were in 
accordance with the ethical standards of the institutional 
and/or national research committee(s) and with the Helsinki 
Declaration (as revised in 2013). This study was approved 
by the Medical Ethics Committee of Zhongshan Hospital, 
Fudan University (approval No. B2022-138). Written 
informed consent was obtained from the patients for 
publication of this article and accompanying images. A copy 
of the written consent is available for review by the editorial 
office of this journal.

Discussion

Since dual-graft LT was first described in 2001, more than 
400 cases have been reported (1,3,4). Nevertheless, in an 
urgent situation, as in our obese patient with impending 
life-threatening hemorrhage, and/or in the presence of an 
unanticipated societal event, such as COVID-19-associated 
quarantine, it is nearly impossible to find two compatible 
donors within an acceptable timeframe. Hence, our newly 
proposed hybrid-dual-graft LT using otherwise-wasted 
resected liver to substitute for a second living donor can be 
a life-saving strategy.

Successful adult-to-adult LT was reported in 2013 using an 
otherwise-discarded partial liver allograft from a patient with 
cavernous hemangioma (5). In 2015, our team successfully 
performed pediatric LT with a graft from an adult with large 
FNH in the caudate lobe, who donated her otherwise-wasted 
resected left liver lobe (Figure S1). Our previous experience 
and the literature prompted us to perform the first successful 
hybrid-dual-graft LT using an otherwise-wasted resected 
liver lobe and a living donor liver graft in the current obese 
patient requiring emergent LT (Figure S2). In the future, the 
surgical technique for this procedure would be considered 
in large-volume, experienced centers as a viable option for 
emergent LT in patients with fulminant liver failure or for 
LDLT with a small-for-size graft.

https://cdn.amegroups.cn/static/public/HBSN-22-335-Supplementary.pdf
https://cdn.amegroups.cn/static/public/HBSN-22-335-Supplementary.pdf
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Supplementary
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Figure S1 A pediatric LT with an otherwise-wasted resected liver lobe from an adult patient with big FNH in the caudate lobe in 2015. 
MRI presented arterial phase enhancement tumor in the caudate lobe from the female patient (A) and then she underwent the planned 
left hemihepatectomy and caudate lobectomy in 2015 (B). A resected tumor pathology was confirmed to be FNH (C). The perfusion and 
preservation of the otherwise-wasted resected left lobe from the female patient with cold UW solution (D). LT, liver transplantation; FNH, 
focal nodular hyperplasia; MRI, magnetic resonance imaging; UW solution, the University of Wisconsin solution.
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Figure S2 Emergent hybrid-dual-graft liver transplantation: a life-saving strategy for a patient with inadequate living donor graft during the 
COVID-19 pandemic. COVID-19, coronavirus disease 2019.


