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 Background: Few series of cavoportal (CPA) or renoportal (RPA) anastomosis have been published and their survival rates 
have never been compared. The objective of this study was to evaluate perioperative and long-term outcomes 
of CPA and RPA in a nationwide multicentric series and to compare hemitranspositions (HT) to paired ortho-
topic liver transplantations (OLT).

 Material/Methods: HT performed in France up to April 2019 were analyzed. Endpoints were the incidence of severe (Clavien-
Dindo>IIIa) 90-day perioperative complications and long-term patient and graft survival.

 Results: Sixty-four HT (13 CPA, 51 RPA) were performed in 59 patients. The rates of perioperative CD>IIIa complica-
tions were 64% and 49% in patients with CPA and RPA, respectively (P=0.59), and the rates of portal throm-
bosis and ascites were 38.5% and 9.8% (p=0.023) and 53.8% and 21.6% (p=0.049) in patients with CPA and 
RPA, respectively. The patient and graft perioperative survival rates were 54.4% and 83.3% (HR=3.2; CI 95 
[1.1-9.9]; p=0.039) and 54.4% and 77.1% (HR=2.2; CI 95 [0.77-6.4]; P=0.14) in the CPA and RPA groups, respec-
tively. Five-year patient survival was 36.4% and 61.8% in the CPA and RPA groups, respectively (HR=2.5; CI 95 
[1-6.1]; P=0.039). Compared with OLT grafts, long-term HT graft survival rates were not different (HR=1.7; CI 
95 [0.96-3.1]; P=0.066), while patient survival rates were lower in the HT group (HR=4.6; CI 95 [2-11]; P<0.001).

 Conclusions: Compared to OLT, HT significantly reduces patient survival. Given the poor survival results of CPA, the indica-
tion deserves to be limited in the context of organ shortage and RPA should be preferred when HT is needed.
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Background

Liver transplantation (LT) is the most effective treatment for 
end-stage liver diseases. In France, the overall 5-year surviv-
al rate of patients who underwent transplantation between 
2007 and 2017 was 74.5% [1]. Unfortunately, the need for LT 
far exceeds the availability of grafts. In 2018, the ratio of liver 
transplantation candidates/available grafts was 2.5 [1].

Splanchnic venous system obstruction (ie, complete obstruc-
tion of the portal vein and superior mesenteric vein (Yerdel 
grade IV) [2]) is rarely present in transplant candidates [3,4]. 
It was considered an absolute contraindication to liver trans-
plantation until the late 1990s when Sheil et al [5] and Tzakis 
et al [6] first described the hemitransposition technique (HT). 
HT consists of connecting the graft portal vein either into the 
left renal vein (renoportal anastomosis, RPA) or into the in-
frahepatic inferior vena cava (cavoportal anastomosis, CPA) 
(Figure 1). HT provides venous inflow to the graft, which allows 
for the restoration of normal metabolic function. However, HT 
does not correct venous hypertension in the splanchnic bed, 
which may increase postoperative complications such as var-
iceal bleeding and ascites [7,8].

Few studies have analyzed the outcomes of HT and most of 
them were case reports or short series (up to 10 cases, see 
Table 1 [6,9-29]). In 2007, Selvaggi et al [8] reported a series 
of 23 HTs with CPA. The 1- and 5-year survival rates were 60% 
and 38%, respectively. In 2011 Bhangui et al [3] reported the 
outcome of 20 HTs, of which 17 (85%) had an RPA. The 1- and 
5-year survival rates were 83% and 68%, respectively. Recently, 
Azoulay et al [30] reported the outcomes of 57 RPAs from 5 se-
lected Western expert centers and showed that the presence 
of a spontaneous or surgical large splenorenal shunt prior to 

transplantation was associated with excellent long-term pa-
tient and graft survival.

These results encouraged us to suggest that RPA, when fea-
sible, should be preferred to CPA. However, owing to the lim-
ited number of patients, comparisons between RPA and CPA 
or even between HT and conventional orthotopic liver trans-
plantation (OLT) could not be performed.

The question of which type of HT should be preferred in cases 
of diffuse thrombosis of the splanchnic venous system there-
fore remains unanswered. Moreover, in an organ shortage, 
whether hemitransposition remains an acceptable procedure 
is debatable. Using a nationwide database of HTs, the aim of 
our study was to analyze the outcome of patients receiving 
HTs, compare CPA with RPA, and assess the therapeutic value 
of HTs compared with matched OLTs.

Material and Methods

Patients	and	Study	Design

This research protocol was reviewed and approved by the 
Research Ethics Committee of the University of Rennes 1 (No. 
20.99). This study was retrospective and noninterventional, and 
the collected data were anonymous. The committee waived 
the requirement for patient consent.

The base population consisted of all patients who had HTs 
performed in France from January 1, 1998 to April 1, 2019. A 
questionnaire was sent to all French transplant centers to col-
lect pre-, peri-, and postoperative data, which were compiled 
using a local prospectively maintained database.

* *

**

A B

Figure 1.  Hemitransposition anastomosis. (A) Renoportal anastomosis; (B). Cavoportal anastomosis. * Splenoral spontaneous or 
surgical shunt. ** Staplle line on the IVC downstream to the cavoportal anastomosis.
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The endpoints were i) perioperative complications; ie, compli-
cations occurring during surgery or within 90 days of trans-
plantation or at any time during the first hospitalization, and 
ii) patient and graft survival. Complications were reported us-
ing the Clavien-Dindo classification (CD) [31]. Serious compli-
cations were defined as type IIIb, IVa, IVb, and V. (Type V cor-
responded to patient death). The date of the end of follow-up 
was set for April 1, 2019.

Statistical	Analysis

Quantitative variables were represented as the average and 
standard deviation if their distribution was considered normal 
by the Shapiro-Wilk test or by the median and interquartile 
range [IQR] if not. Qualitative variables were represented as 

numbers and percentages. To respect the conditions of validity, 
comparisons between groups were based on Student’s t-test 
or Mann-Whitney’s test for the quantitative variables and on 
the c2 test or Fisher’s exact test for the qualitative variables. 
The significance threshold was 0.05.

The indications of HT were elective and decided prior to LT. 
Patients who received CPA or RPA were compared with a 
matched group of patients who received standard OLT per-
formed in the center of the first author between 1998 and 
2018. Matching was carried out in a semiautomated manner 
using the data mining software eHOP® [31,32]. For each pa-
tient treated with HT, 3 patients in the control group of the 
same gender and with the closest age, body mass index and 
model for end-stage liver disease (MELD) score were selected. 

Patients HT CPA RPA
Median follow-up 

(month)

Tsakis et al, 1998 9 9 9 0 6-11 m

Kato et al, 2000 5 5 0 5 17.75

Weeks et al, 2000 1 1 1 0 20

Azoulay et al, 2001 8 8 2 6 9

Olausson et al, 2001 6 7 7 0 NA

Santaniello et al, 2001 1 1 1 0 9

Varma et al, 2001 1 1 1 0 12

Gerunda et al, 2002 2 2 2 0 12

Urbani et al.2002 6 8 8 0 3-23 m

Bernardos et al, 2003 1 1 1 0 NA

Miyamoto et al, 2003 1 1 0 1 3

Shrotri et al, 2003 1 1 1 0 NA

Ceulemans et al, 2005 5 5 5 0 NA

Marubashi et al, 2005 3 3 0 3 NA

Perumalla et al, 2008 1 1 0 1 NA

Yan et al, 2008 3 3 3 0 NA

Gonzalez et al, 2009 1 1 0 1 NA

Moon et al.2011 1 1 0 1 NA

Uchida et al, 2012 1 1 0 1 NA

Matsumoto et al, 2013 1 1 0 1 NA

Mori et al, 2015 1 1 0 1 NA

Ozdemir et al, 2017 1 1 0 1 NA

Table 1. Hemitransposition case reports and short series.

HT – hemitransposition; CPA – cavoportal anastomosis; RPA – renoportal anastomosis.
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A review of these patients who received OLT was performed to 
ultimately retain only the recipient whose indication for LT and 
duration of cold ischemia of the graft were identical to those 
of the patient treated with HT. The comparison was eventual-
ly made with a 1: 1 match.

Survival was calculated using the Kaplan-Meier method. The 
date of graft loss corresponded to the date of recipient death 
or retransplantation. Comparisons between groups were per-
formed using the log-rank test.

We used Cox regression analyses to identify the cofactors po-
tentially associated with survival, apart from the type of sur-
gical technique. A univariate analysis was performed to iden-
tify covariables with a P value <0.05, which were retained for 
the multivariate model (Table 2). This restrictive threshold was 
chosen because of the limited size of our sample. Quantitative 
variables were dichotomized beforehand and the thresh-
old retained was the one that maximized the Youden index 
(sensitivity+specificity-1) regarding the loss of the graft. These 
threshold choices were made by bootstrap resampling with 100 
replications at the end of which the median threshold was re-
tained. Missing data were accounted for by the multiple impu-
tation method with 5 replications using the R ‘mice’ library [33].

Statistical analyses were performed using SPSS software 
(SPSS version 21; IBM Corp) and the R statistical programming 

environment (version 3.4.0). Two-sided P<.05 were considered 
statistically significant.

Statistical analyses were performed using SPSS software (SPSS 
version 21; IBM Corp) and the R statistical programming envi-
ronment (version 3.4.0). Two-sided P<.05 were considered sta-
tistically significant. Analyses were performed using the R sta-
tistical programming environment (version 3.6.0). Two-sided 
p<0.05 was considered statistically significant.

Results

Patient	Characteristics

Eleven French LT centers had performed at least one HT at the 
time of data collection. Only 9 centers were included because 
2 centers did not provide patient data. The first HT was per-
formed in 1998 and at the time of our study, 64 HTs had been 
performed on 59 patients. Thirteen (20.3%) involved CPA and 
51 (79.7%) involved RPA. Two patients first transplanted with 
RPA were retransplanted with CPA, one patient first transplant-
ed with RPA was retransplanted with RPA, and one patient 
transplanted with RPA was retransplanted twice with RPA. All 
grafts were total liver except for one right hemiliver transplant.

Patient, graft and surgical characteristics are reported in Table 3. 
A history of variceal bleeding, ascites or hepatic encephalopathy 

Pre-LT recipient variable

 Receiver age (years)

 Waiting time on LT list

 MELD score

 CHILD score

 Performance Status at LT

 Receiver blood group

 Tobacco

 Arterial hypertension

 Alcohol

 Diabetes

 History of abdominal surgery

 Indication of LT

 PHT complications before LT

 Cirrhosis complication before LT

 ASAT UI/L

 ALAT UI/L

 Alc. Phosphatase

Table 2. Variables used for univariate analysis.

 Total Bilirubin µmol/L

 Creatinine µmol/L

 PT%

 Hb/dL

 Albumin g/L

Donor variable

 Donor age (years)

 Donor sex (M)

 Donor BMI (kg/m2)

 Donor blood group

 Graft arterial anatomical variation

 ECD graft

Perioperative variable

 Type of HT

 Graft cold ischemia (min)

 Perioperative RBC transfusion

 Combined transplantation

 Duration of surgery (min)
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was found in 90% of the patients. Seven (11.9%) patients had 
already received a standard liver transplant before HT. Six 
(10.2%) patients had a patent surgical mesocaval (n=4) or spl-
enorenal (n=2) shunt at the time of the first HT.

Perioperative	and	Long-Term	Complication	Rates

A comparison of the perioperative complications that oc-
curred in patients who received CPA and RPA is presented in 
Table 4. A perioperative complication was observed in 87.5% 
of the patients who received HT. The rates of portal throm-
bosis and ascites were 38.5% and 9.8% (P=0.023) and 53.8% 
and 21.6% (P=0.049) in patients who received HT with CPA 
and RPA, respectively. The rate of CD type ³III complications 
was high and not significantly different between the CPA and 
RPA groups (64% vs 49%, respectively, P=0.59). Perioperative 
CPA and RPA related death rates were 45.6% and 16.7%, re-
spectively (HR=3.2; IC95 [1.1-9.9]; P=0.039).

Fourteen patients had long-term (>3 months) complications 
related to PHT, i.e., ascites (n=6) and/or recurrent hemor-
rhage (n=8).

Among the patients who experienced recurrent hemorrhage, 
6 were still alive and the end of follow-up. Two patients died 
at 10 and 7 months after LT owing to recurrent hemorrhage 
and liver failure, respectively.

Long-Term	Grafts,	Patient	Survival	Rates,	and	Prognostic	
Factors

As of April 1, 2019, the mean follow-up was 57 months. In the 
CPA group, median graft and patient survival time was 3.2 
months (CI 95 [0.17-Inf]) and 3.2 months (CI 95 [0.17-Inf]), re-
spectively. In the RPA group, median graft and patient surviv-
al time was 10.9 years (CI 95 [3.39-Inf]) and 11.6 years (CI 95 
[4.18-Inf]), respectively.

Figure 2 shows the Kaplan-Meier survival curves of patients 
and grafts for the CPA and RPA groups. Patient survival was 
significantly better when RPA was performed (HR=2.5; CI 95 
[1-6.1]; P=0.039). Multivariate analysis found no independent 
factor that affected patient survival.

Comparison	of	Patients	Who	Received	HT	with	Paired	
Patients	Who	Received	OLT

The characteristics of the paired patients who received OLT 
are reported in Table 5. Patients who received OLT were com-
parable to patients who received HT except for the duration 
of the surgery, the rate of grafts retrieved from extended-cri-
teria donors, and the performance status of the patients pri-
or to transplantation.

A comparison of the perioperative complications that oc-
curred in patients who received HT and OLT is presented in 
Table 6. The rate of complications related to portal hyperten-
sion was significantly higher after HT, particularly the rate of 
ascites (28.1% vs 7.8%, P=0.006) and the rate of gastrointes-
tinal bleeding episodes (17.2% vs 4.7%, P=0.047). Compared 
with OLT, HT was associated with a higher rate of perioper-
ative graft loss and patient death (27.1% vs 11.9%, P=0.033 
and 21.9% vs 0%, P=0.0001, respectively).

Median graft survival after HT and OLT was 6.5 years and 11.1 
years, respectively. Figure 3 shows the Kaplan-Meier surviv-
al curves of patients and grafts for the HT and OLT groups. 
HT graft survival rates tended to be lower than those of OLT 
grafts but the difference did not reach a significant thresh-
old (HR=1.7; CI 95 [0.96-3.1]; P=0.066). Patient survival rates 
were significantly lower after HT than after OLT (HR=4.6; CI 
95 [2-11]; P<0.001). On multivariate analysis, hemitransposi-
tion and a donor’s age higher than 61 years were the only in-
dependent prognostic factors that negatively impacted pa-
tient survival (HR=4.2; CI 95 [1.4-13]; P=0.01 and HR=2.8; CI 
95 [1.1-1.7]; P=0.02, respectively) (Table 7).

Discussion

When the recipient splanchnic venous bed is not suitable for 
graft portal implantation, the alternative to conventional OLT 
is to perform hemitransposition, either renoportal or cavo-
portal. In this study, we analyzed the outcome of all HTs per-
formed in France until April 2019. We found that, compared 
with a matched group of patients who received OLT, HT was 
significantly associated with patient survival and that among 
patients who received HT, those who received renoportal HT 
did better than those who received cavoportal HT.

The reason for the superiority of RPA over CPA is poorly under-
stood. It has been suggested that RPA allows for the drainage 
of the venous splanchnic system via the development of spon-
taneous renoportal shunts. However, this explanation is not 
entirely satisfactory since CPA also carries the venous return 
from the left renal vein and may mimic a reno-portal deriva-
tion in case of spontaneous splenorenal shunts. Indeed, CPA 
includes stapling or ligation of the vena cava downstream 
from the implantation of the graft portal vein and therefore 
collects both vena cava and left renal flows (Figure 1). The 
poor results of CPA compared with RPA could instead be ex-
plained by the absence of congruence between the recipient 
inferior vena cava (IVC) and donor portal vein and the difficul-
ty of adjusting the length of the portal vein to avoid kinking 
at the time of abdomen closure. Indeed, all CPAs were of the 
side-to-end type, which could explain why the rate of periop-
erative portal vein thromboses was significantly higher in the 
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HT
n=64

n (%) or
median [IQR]

CPA
n=13

n (%) or
median [IQR]

RPA
n=51

n (%) or
median [IQR]

P-value

Complications (Clavien-Dindo) 0.590

 <IIIb  27 (48)  4 (36)  23 (51)

 ³IIIb  29 (52)  7 (64)  22 (49)

Anastomotic complications

Arterial

 Thrombosis  9 (14.1)  2 (15.4)  7 (13.7) 1.000

 Stenosis  4 (6.2)  0 (0.0)  4 (7.8) 0.574

Venous portal

 Thrombosis  10 (15.6)  5 (38.5)  5 (9.8) 0.023

 Stenosis  3 (4.7)  0 (0.0)  3 (5.9) 1.000

Venous caval

 Thrombosis  2 (3.1)  1 (7.7)  1 (2.0) 0.368

 Stenosis  0 (0)  0 (0)  0 (0) 0.000

Biliary

 Bilioma  2 (3.1)  1 (7.7)  1 (2.0) 0.368

 Biliary fistula  2 (3.1)  0 (0.0)  2 (3.9) 1.000

Graft dysfunction

 PNF  7 (10.9)  3 (23.1)  4 (7.8) 0.283

 Delayed function  1 (1.6)  0 (0.0)  1 (2.0) 1.000

PHT-related complications

 Ascites  18 (28.1)  7 (53.8)  11 (21.6) 0.049

 Hemorrhage  11 (17.2)  3 (23.1)  8 (15.7) 0.827

 Encephalopathy  1 (1.6)  0 (0.0)  1 (2.0) 1.000

Renal complications

 Functional ARF  22 (34.9)  5 (38.5)  17 (34.0) 1.000

 Organic ARF  10 (15.6)  2 (15.4)  8 (15.7) 1.000

 Postop. dialysis  6 (9.4)  1 (7.7)  5 (9.8) 1.000

Reoperation  26 (40.6)  5 (38.5)  21 (41.2) 1.000

Retransplantation  3 (4.8)  0 (0.0)  3 (5.9) 0.914

Hospital stay (days)  29.5 [19.75-43]  38 [27.25-65.25]  29 [19-37.5] 0.153

Rehospitalization  17 (28.8)  4 (36.4)  13 (27.1) 0.807

Table 3. Patient, graft and perioperative characteristics.

HT – hemitranspositions; CPA – cavoportal hemitransposition; RPA – renoportal hemitransposition; IQR – interquartile range; 
PNF – primary nonfunction; PHT – portal hypertension; ARF – acute renal failure.
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HT
n=64

n (%) or
median [IQR]

CPA
n=13

n (%) or
median [IQR]

RPA
n=51

n (%) or
median [IQR]

P-value

Complications (Clavien-Dindo) 0.590

 <IIIb  27 (48)  4 (36)  23 (51)

 ³IIIb  29 (52)  7 (64)  22 (49)

Anastomotic complications

Arterial

 Thrombosis  9 (14.1)  2 (15.4)  7 (13.7) 1.000

 Stenosis  4 (6.2)  0 (0.0)  4 (7.8) 0.574

Venous portal

 Thrombosis  10 (15.6)  5 (38.5)  5 (9.8) 0.023

 Stenosis  3 (4.7)  0 (0.0)  3 (5.9) 1.000

Venous caval

 Thrombosis  2 (3.1)  1 (7.7)  1 (2.0) 0.368

 Stenosis  0 (0)  0 (0)  0 (0) 0.000

Biliary

 Bilioma  2 (3.1)  1 (7.7)  1 (2.0) 0.368

 Biliary fistula  2 (3.1)  0 (0.0)  2 (3.9) 1.000

Graft dysfunction

 PNF  7 (10.9)  3 (23.1)  4 (7.8) 0.283

 Delayed function  1 (1.6)  0 (0.0)  1 (2.0) 1.000

PHT-related complications

 Ascites  18 (28.1)  7 (53.8)  11 (21.6) 0.049

 Hemorrhage  11 (17.2)  3 (23.1)  8 (15.7) 0.827

 Encephalopathy  1 (1.6)  0 (0.0)  1 (2.0) 1.000

Renal complications

 Functional ARF  22 (34.9)  5 (38.5)  17 (34.0) 1.000

 Organic ARF  10 (15.6)  2 (15.4)  8 (15.7) 1.000

 Postop. dialysis  6 (9.4)  1 (7.7)  5 (9.8) 1.000

Reoperation  26 (40.6)  5 (38.5)  21 (41.2) 1.000

Retransplantation  3 (4.8)  0 (0.0)  3 (5.9) 0.914

Hospital stay (days)  29.5 [19.75-43]  38 [27.25-65.25]  29 [19-37.5] 0.153

Rehospitalization  17 (28.8)  4 (36.4)  13 (27.1) 0.807

Table 4. Perioperative complications in HT.

HT – hemitranspositions; CPA – cavoportal hemitransposition; RPA – renoportal hemitransposition; IQR – interquartile range; 
PNF – primary nonfunction; PHT – portal hypertension; ARF – acute renal failure.
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Figure 2.  Long-term survival of patients and grafts after hemitransposition (HT) using cavoportal anastomosis (CPA) or renoportal 
anastomosis (RPA). (A). Long-term patient survival; (B) Long-term graft survival.
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HT
n=59

n (%) or median [IQR]

OLT*
n=59

n (%) or median [IQR]
P-value

Patient characteristics

 Male gender  44 (74.6)  44 (74.6) 1.000

 Age (years)  53 [42-59]  55 [44-60] 0.561

 Previous LT  7 (11.9)  0 (0) 1.000

 BMI (kg/m2)  25.4 [23.4-27.1]  24.2 [22.1-26.5] 0.235

 Performance status 0.002

 0  1 (2.2)  0 (0.0)

 1  9 (19.6)  0 (0.0)

 2  9 (19.6)  18 (31.0)

 3  22 (47.8)  31 (53.4)

 4  5 (10.9)  9 (15.5)

 Previous abdominal surgery  33 (58.9)  30 (50.8) 0.495

 Previous permeable surgical shunts  6 (10.2)  0 (0.0) 0.027

 LT indication

 Cirrhosis  19 (32.2)  25 (42.4) 0.341

 HCC  18 (30.5)  19 (32.2) 1.000

 FH  2 (3.4)  3 (5.1) 1.000

 PBC  0 (0.0)  2 (3.4) 0.496

 PSC  1 (1.7)  2 (3.4) 1.000

 Budd Chiari syndrome  4 (6.8)  4 (6.8) 1.000

 Emergency retransplantation  4 (6.8)  0 (0.0) 0.119

 Other  12 (20.3)  4 (6.8) 0.06

 MELD score at LT  16 [14-22]  17 [13-23] 0.992

 Waiting time (months)  4 [1-9]  5 [1-9] 0.887

Graft characteristics

 Male gender  36 (65.5)  38 (60.3) 0.700

 Age of graft (year)  49.2 (19.6)  54.5 (17.0) 0.103

 ECD grafts  25 (40.3)  44 (68.8) 0.002

Operative data

 Duration of cold ischemia (min)  450 [396-545]  493 [402-600] 0.099

 Intraoperative transfusion  57 (91.9)  55 (85.9) 0.431

 Duration of surgery (min)  455 [408-594]  369 [303-450] <0.001

Table 5. Patient, graft and preoperative characteristics after HT or OLT.

* Patients were paired to HT group on sex, age, recipient BMI, indication of transplantation, MELD score and cold ischemia time. 
HT – hemitransposition; OLT – orthotopic liver transplantation; IQR – interquartile range; LT – liver transplantation; BMI – body mass 
index; HCC – hepatocellular carcinoma; FH – fulminant hepatitis; PBC – primary biliary cirrhosis; PSC – primary sclerosing cholangitis; 
MELD – model for end stage liver disease; ECD – extended criteria donor.
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HT
n=64

n (%) or median [IQR]

OLT*
n=64

n (%) or median [IQR]
P-value

Complications (Clavien-Dindo) 0.620

 <IIIb  27 (48)  28 (55)

 ³IIIb  29 (52)  23 (45)

Vascular complications

 Thrombosis of the hepatic artery  9 (14.1)  4 (6.2) 0.357

 Thrombosis of the portal vein  10 (15.6)  0 (0)

 Stenosis of the CP or RP anastomosis  3 (4.7)  0 (0)

 Thrombosis of the vena cava  2 (3.1)  1 (1.6) 1.000

Biliary fistula  2 (3.1)  2 (3.1) 1.000

Graft dysfunction

 PNF  7 (10.9)  3 (4.7) 0.323

 Delayed function  1 (1.6)  1 (1.6) 1.000

PHT related complications

 Ascites  18 (28.1)  5 (7.8) 0.006

 Hemorrhage  11 (17.2)  3 (4.7) 0.047

 Hepatic encephalopathy  1 (1.6)  4 (6.2) 0.365

Renal complications

 Functional ARF  22 (34.9)  18 (28.1) 0.527

 Organic ARF  10 (15.6)  3 (4.7) 0.079

 Postoperative dialysis  6 (9.4)  3 (4.7) 0.492

Reoperation  26 (40.6)  25 (39.1) 1.000

Retransplantation  3 (4.8)  8 (12.5) 0.217

Hospital length of stay (days)  29 [19-43]  19 [15-28] 0.006

Rehospitalization  17 (28.8)  15 (23.8) 0.673

Table 6. Comparison of perioperative complications between the HT and OLT groups.

* Patients were paired to HT group on sex, age, recipient BMI, indication of transplantation, MELD score and cold ischemia time. 
HT – hemitranspositions; OLT – orthotopic liver transplantation; IQR – interquartile range; PNF – primary nonfunction; PHT – portal 
hypertension; ARF – acute renal failure.

CPA group. In other series, postoperative portal vein throm-
bosis occurred after CPA in 16% to 29% of patients [7,12,16] 
and was associated with a dismal prognosis. When a cavopor-
tal anastomosis is unavoidable, we recommend adopting the 
technique described by Tzakis et al to separate the IVC to align 
the IVC and portal axes. The use of postoperative anticoagu-
lation could be a means to prevent thrombosis. However, its 
administration in patients whose early allograft function re-
mains precarious is still debated.

In our series, 6 patients had a patent splenorenal or a me-
socaval shunt at the time of first transplantation. All 6 pa-
tients were still alive at the time of data collection. This sug-
gests that the disappearance of hypertension in the venous 
splanchnic territory plays a major role in the occurrence of post-
transplant complications. Moreover, we believe that perform-
ing an RPA or CPA when a surgical mesocaval or splenorenal 
shunt is still patent is the equivalent of orthotopic transplan-
tation since neither portal hypertension nor ascites persists 
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Figure 3.  Long-term survival of patients and grafts after HT or orthotopic liver transplantation (OLT). (A). Long-term patient survival; 
(B) Long-term graft survival.
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Unadjusted HR 
[CI 95]

P	unadjusted
Adjusted	HR 

[CI 95]
P	adjusted

HT  4.6 [2-11] <0.001  4.2 [1.4-13] 0.01

Recipient age >48 years  2.5 [1-6.2] 0.042  2 [0.65-6.3] 0.22

ASAT >50 UI/L  0.34 [0.13-0.85] 0.023  0.62 [0.2-1.9] 0.40

ALAT >45 UI/L  0.37 [0.15-0.94] 0.037  0.38 [0.09-1.5] 0.16

PAL >200 UI/L  0.33 [0.11-0.95] 0.04  0.64 [0.16-2.5] 0.51

Creatinine >97.5 µmol/L  2.6 [1.3-5.4] <0.01  1.3 [0.51-3.3] 0.58

Hb >10.9 g/dL  0.39 [0.18-0.85] 0.018  0.47 [0.13-1.7] 0.23

Donor age >61 years  2.4 [1.2-4.8] 0.018  2.8 [1.1-1.7] 0.02

Duration of cold ischemia >468 min  0.43 [0.2-0.9] 0.024  0.7 [0.26-1.9] 0.47

Surgery duration >402 min  2.8 [1.2-6.6] 0.023  2.8 [0.82-9.6] 0.10

Alcohol  0.46 [0.22-0.96] 0.037  0.38 [0.14-1] 0.06

Preoperative hepatorenal syndrome  2.5 [1-6] 0.039  3.2 [0.91-11] 0.07

Table 7. Univariable and multivariable analysis of prognosis factors for patient survival after HT.

HT – hemitransposition; OLT – orthotopic liver transplantation; HR – hazard ratio; CI – confidence interval; Hb – hemoglobin; 
RBCP – red blood cell pellet. Biological dosages correspond to preoperative data.

after transplantation. Indeed, Azoulay et al [30] showed that 
the presence of a large patent spontaneous or surgical sple-
norenal shunt was associated with excellent long-term graft 
and patient survival.

In this French series, the rate of portal thrombosis in the peri-
operative period was unexpectedly high. Portal vein throm-
bosis may be explained by nonanatomical reconstruction or 
low renal venous flow after RPA transplantations (due to the 
absence of surgical or spontaneous splenorenal shunts). The 
state of hypercoagulability associated with cirrhosis in these 
patients could be an explanation and would justify the rec-
ommendation that all patients who receive HT receive long-
term postoperative anticoagulation.

The study period was 20 years and the mean survival time 
was only 57 months. This was related to higher postopera-
tive mortality at the early time of the study. Moreover, the 
median survival of CPAs was very low, which reflected unac-
ceptable early postoperative mortality. Our study also showed 
that the survival of patients who received HT was significant-
ly lower than that of a matched control group of patients re-
ceiving standard OLT, although graft survival was not differ-
ent between the HT and OLT groups. Analysis of the survival 
curve profiles shows that most of the graft loss occurred dur-
ing the first year after transplantation and that the rate of re-
transplantation was reduced in patients who received HT pa-
tients compared with those who received OLT. The collected 

data did not enable us to explain this discrepancy. However, 2 
hypotheses can be put forward. The first is that the patients 
who received HT were in too poor a condition to be retrans-
planted or to wait the necessary time to obtain a new graft. 
The second is that the decision not to retransplant was related 
to the poor relevance of performing HT again at a time when 
the availability of grafts was far below demand and the drop-
out rate of these seriously ill patients from the waiting list be-
fore transplantation was 30% [1].

An important question that arises from these results is wheth-
er a long-term patient survival rate of 50% is acceptable to 
the community of transplant recipients and patients awaiting 
transplants in the context of organ shortage. In terms of prof-
itability and public health, this survival rate is low and the 
transplantation of these patients could be considered futile. 
It would therefore appear reasonable not to consider throm-
bosis of the splanchnic venous system as a factor that should 
accelerate the indication of transplantation, but rather con-
tinue to consider the severity of the initial disease based on 
the MELD score. In France, the perioperative mortality rate of 
CPA is markedly high (45.6%), and this percentage could jus-
tify the definitive abandonment of CPA. Portal arterialization 
and multivisceral transplantation (including or not the pancre-
as) have been proposed as alternatives to HT.

Although Cheng et al [34] reported a case of portal arterializa-
tion with survival greater than 10 years, this technique usually 
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led to high portal flow, sinusoid injury, and, eventually, fibrosis. 
Moreover, this arteriovenous fistula induces rapid right heart 
failure. We suggest that multivisceral transplantation should 
be offered as an alternative to HT for patients who have re-
ceived multiple operations to postpone difficult dissection and 
a significant risk of bleeding or for when the IVC is occluded. 
Multivisceral transplantation has the main advantage of treat-
ing both liver disease and portal hypertension. Although very 
rare, en-bloc liver-small bowel transplantations have shown 
significant improvement over time [35]. Overall 5-year survival 
rates now reach 53% to 72% [36,37], and these results com-
pare favorably with the survivals obtained with HT.

Of course, our study has the same bias as all retrospective stud-
ies, including those related to the collection of data unrelated 
to standardized attitudes. The first HT was performed more 
than 20 years ago at a time when the transplantation tech-
nique, immunosuppression, and postoperative management 
were less efficient than their recent counterparts. The reason 
for using CPA or RPA was not mentioned in patient files. It is 
assumed that the choice of the HT technique was dictated by 
difficulty accessing the left renal vein or the infrahepatic vena 
cava. Moreover, the rate of early retransplantation in the OLT 
group was unexpectedly high and this was related to the pair-
ing procedure, which selected the most severe case and the 
frequent use of marginal grafts. Since it is not realistic to eval-
uate rarely-applied HTs through a prospective study, compar-
ing the HT group with the paired OLT group remains the only 
way to estimate the performance and utility of HT. Finally, the 
HT group was collected in a multicenter manner, unlike the 
OLT group, in which all the LT were performed at the Rennes 
University Hospital. We were aware that this method of data 
collection could lead to bias; however, the difficulty accessing 
patient data and matching did not enable us to create an OLT 
group in a multicenter manner.

Conclusions

In patients with cirrhosis with extended splanchnic thrombo-
sis associated with chronic liver disease, HT can be an efficient 
solution. Due to the current shortage of organs, the individual 
benefit of LT in patients with extended splanchnic thrombo-
sis should be balanced in regard to the low survival rate, es-
pecially in those needing CPA.
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