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Introduction: There are still debates regarding using portal vein (PV) from liver with hepatocellular carcinoma 
(HCC) for vascular reconstruction. This study aimed to assess the feasibility and patency of PV venous graft from 
an explanted liver with HCC for the reconstruction of the hepatic veins tributaries or PV in living donor liver 
transplantation (LDLT) and to see if it has any risk on recurrence of HCC. 
Patient and methods: We conducted a retrospective study on 81 patients with HCC who underwent LDLT from 
April 2004 to July 2022. 
Results: Venous graft from native liver PV was used for vascular reconstruction in 31 patients as follows; 
reconstruction of V5 in 7 patients, V8 in 4 patients, V6 in 3 patients, combined V5 and V8 in 4 patients, V6 with 
V5/V8 in 5 patients, and as Y shape venous graft for 2 PV reconstruction in 8 patients. The implantation of the 
new conduit PV graft after reconstruction of the anterior sector tributaries was direct to the IVC in 8 patients, and 
to the common orifice of the left and middle hepatic veins in 12 patients. The 1 month, 3 months, and 1-year 
overall patency of the venous graft was 93.5%, 90.3%, and 84%, respectively. Nine patients had recurrent 
HCC. In multivariate analysis, the independent risk factors for HCC recurrence were AFP >400 ng/mL (HR =
1.47, 95% CI: 1.69–2.31, P = 0.01), moderate/poor differentiated tumor (HR = 3.06, 95% CI: 2.58–6.29, P =
0.02), and microvascular invasion (HR = 2.51, 95% CI: 1.05–1.93, P = 0.01). Using a PV venous graft had no risk 
factor for HCC recurrence (P = 0.9). 
Conclusion: The use of PV venous graft of native liver with HCC for venous reconstruction is a feasible and 
valuable option in LDLT with good patency rates and no risk of HCC recurrence.   

1. Introduction 

Hepatocellular carcinoma (HCC) is one of the main indications for 
liver transplantation (LT). However there are many risk factors for 
tumor recurrence which necessitate strict preoperative assessment and 
selection of the patient candidate for transplant [1–3]. 

Living donor liver transplantation (LDLT) is a safe source for liver 
allografts as deceased organ donation remains scarce. In LDLT, vascular 
grafts are frequently necessary because of anatomical variations in do-
nors like trifurcated portal vein, short length of donor graft vessels, and 
recipient portal vein thrombosis [3,4]. 

The right lobe is commonly used to provide adequate volume in an 
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adult recipient. The middle hepatic vein (MHV) tributaries must be 
reconstructed during the back table procedure. In the absence of 
adequate graft venous drainage, the portal inflow can cause damaging 
effects on the liver allograft with postoperative liver dysfunction and 
small-for-size syndrome [4,5]. 

The commonly used vascular grafts for reconstruction are the left 
portal vein, recanalized umbilical vein, hepatic veins, ovarian vein, 
recipient saphenous vein, cryopreserved vessels, or expanded poly-
tetrafluoroethylene (PTFE) synthetic grafts. Various centers have suc-
cessfully reported their experience using natural or synthetic grafts with 
a variable incidence of patency and recipient outcomes [5–7]. 

The recipient portal vein may be unsuitable for reconstruction in 
cases with portal vein thrombosis (PVT) or HCC, especially if the tumor 
was near to the main PV [7,8]. The purpose of this study was to evaluate 
the feasibility and patency of portal vein venous graft from explanted 
liver with HCC to reconstruct the hepatic veins tributaries or PV of the 
liver graft and to see if it has any risk on recurrence of HCC after LDLT. 

1.1. Patients and methods 

We conducted a retrospective cohort study on 81 patients with HCC 
who underwent living donor LT from April 2004 to July 2021, at Na-
tional Liver Institute, Menoufia University, Egypt. After receiving 
approval from the ethics committee and our institutional review board, 
the data were collected from the transplant database and patients’ 
medical records in accordance with the roles outlined in the 1975 Hel-
sinki Declaration. All patients signed a consent form to allow their data 
to be used in research. The research was registered with the Chinese 
clinical trial registry, the identification number is ChiCTR2000030403. 
The work has been matched in line with the Strengthening the Reporting 
of Cohort Studies in Surgery (STROCSS) criteria [9]. 

Patients with first month mortality or lost follow up were excluded 
from our study for accurate detection of HCC recurrence. All collected 
data were studied and analyzed statistically for its risk with the recur-
rence of HCC like preoperative demographic and clinical data, operative 
data (graft recipient weight ratio, cold ischemia time (CIT), warm 
ischemia time (WIT), total operative time (TOT), amount of blood 
transfusion), postoperative data and pathological study of explanted 
liver. 

All patients underwent a recent multislice triphasic computed to-
mography (CT) scan or magnetic resonance image (MRI) for diagnosis of 
HCC within 1month before liver transplant. Cases with HCC underwent 
metastatic workup such as positron image tomography (PET) to exclude 
extrahepatic metastasis or vascular invasion. The selection criteria for 
LDLT in patients with HCC were categorized as within Milan criteria, 
beyond Milan criteria, within University of California San Francisco 
(UCSF) criteria, and beyond UCSF criteria [10]. 

1.2. Explanted portal vein harvest 

After recipient hepatectomy, the portal vein of the explanted liver 
was harvested on the back table. Our role in taking the portal vein graft 
was that the tumor should be at least 3 cm away from the hilar or first 
division portal vein. The extrahepatic portion and a good length of 
intrahepatic portal vein were carefully dissected by ligation of the 
connected small branches. We used mainly the main PV with the left PV, 
if the harvested segment of PV was short, an extra part of recanalized 
umbilical vein or parts of explanted liver hepatic veins were used. The 
segment that was harvested from the portal vein was preserved in 
heparinized saline until the time of anastomosis to the graft veins. The 
harvested segment of the portal vein was used for reconstruction of the 
middle hepatic vein tributaries (V5, V8), right inferior hepatic vein, or 
graft with 2portal veins by proline 6/0. 

The postoperative immunosuppressant regimen was methylpred-
nisolone, mycophenolate mofetil, and calcineurin inhibitors (CNI). After 
3 months, we tried to shift CNI to other immunosuppressants as 

mammalian target of rapamycin (m-TOR) inhibitors like Everolimus/ 
Sirolimus or in combination with a small dose of CNI due to its risk on 
recurrence of HCC. 

The protocol of follow up of the graft post-transplant was by Doppler 
ultrasound every day until patient discharge then weekly or every 2 
weeks in the first 3 months according to the follow up visit at the 
outpatient clinic, then monthly during the first year. The CT abdomen 
and serial Alfa-fetoprotein serum level were every 3–6 months in the 
first 2 years, then yearly. The duration of follow up was at least 6 months 
from the last recipient, with a mean duration of follow up 63.5 months 
(range 6–198 months). 

Table 1 
Preoperative data of HCC cases.   

HCC without 
recurrence (n = 72) 

HCC with 
recurrence(n = 9) 

P- 
value 

Age (year)   0.02 
-Mean± SD 48.7 ± 6.7 54.4 ± 5.5  
-Range (33–66) (47–60)  
Gender   1.0 
-Male 68(94.4%) 9(100%)  
-female 4(5.6%) 0  
Viral markers   0.89 
-HCV 67(93%) 8(88.9%)  
-HBV 3(4.2%) 0  
-others 2(2.8%) 1(11.1%)  
Child score   0.36 
-A 10(13.9%) 3(28.6%)  
-B 33(45.8%) 3(28.6%)  
-C 29(40.2%) 3(42.8%)  
MELD score    
-Mean± SD 14 ± 4 14 ± 4  
-Range (7–24) (8–19)  
MELD≤10 11(15.3%) 2(22.2%) 0.741 
MELD>10 61(84.7%) 7(77.8%) 0.75 
Ascites   0.70 
-no 15(20.8%) 3(33.3%)  
-mild 14(19.4%) 1(11.1%)  
-moderate 36(50%) 5(55.6%)  
-marked 7(9.7%) 0  
AFP (ng/mL) (normal 
<12 ng/mL)   

0.01 

Mean ± SD 118 ± 505 736 ± 1127  
Range (0.5–4022) (3.8–3041)  
≤400 67(93.1%) 5(55.6%)  
>400 5 (6.9%) 4(44.4%)  
Bilirubin (mg/dl)   0.4 
-Mean± SD 3.1 ± 3.2 2.6 ± 1.4  
-Range (0.5–21.9) (0.8–5.3)  
Albumin (g/dl)    
-Mean± SD 2.7 ± 0.6 3.1 ± 0.8 0.2 
-Range (2–4) (2–4)  
INR   0.9 
-Mean± SD 1.5 ± 0.3 1.5 ± 0.4  
-Range (1–2.6) (1–2.3)  
ALT (U/L)   0,05 
-Mean± SD 61 ± 48 42 ± 21  
-Range (10–226) (16–69)  
Neutrophil/ 

lymphocyte   
0.03 

<4 59(81.9%) 5(55.6%)  
≥4 13(18.1%) 4(44.4%)  
PVT 11(15.3%) 2(22.2%) 0.63 
Ablative therapy   0.73 
-yes 28(39.9%) 4(44.4%)  
-no 44(61.1%) 5(55.6%)  

HCC (hepatocellular carcinoma), SD (standard deviation), HCV (hepatitis C 
virus), HBV (hepatitis B virus), MELD (model of end-stage liver disease), SD 
(standard deviation), AFP (alfa-fetoprotein), ng (nanogram), mL (milli Leter), 
INR (international normalized ratio), ALT (Alanine aminotransferase), PVT 
(portal vein thrombosis). 
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2. Statistical analysis 

Statistical analysis was performed using the SPSS program version 
23.0 (SPSS Inc., Chicago, IL, USA). Continuous variables were shown as 
mean, range and were compared using the Mann Whitney U test in non- 
parametric data or by using the student-t test. Categorical or discrete 
variables were expressed as frequency or proportions and were 
compared using the Chi-square test or Fisher’s exact test. The Kaplan- 
Meier curve was used for analysis of overall survival and tumor free 
survival. A probability value < 0.05 was considered statistically signif-
icant for all tests. 

3. Results 

Eighty-one patients who underwent LDLT for HCC were included in 
our study. Their demographic, operative, and postoperative data are 
shown in Tables 1–2. Nine patients had recurrent HCC after LT, their 
mean age was 54.4 years, and all were male. The main cause of HCC was 
the hepatitis C virus (HCV) (88.9%). Five patients (55.6%) with recur-
rent HCC had preoperative multiple bilateral lesions, and 4 patients 
(44.4%) had only 1 HCC in the right lobe of the liver. Preoperative serum 
AFP levels were >400 ng/ml in 4 patients (44.4%) with HCC recurrence. 

Venous graft from native liver portal vein was used for vascular 

Table 2 
Operative, postoperative and pathological data of HCC cases.   

HCC without recurrence(n = 72) HCC with 
recurrence(n = 9) 

P- value 

Type of graft   0.91 
Right lobe 69(95.8%) 9(100%)  
Left lobe 3(4.2%) 0  
Actual graft weight (gm)   0.98 
Mean ± SD 860 ± 157 861 ± 122  
Range (450–1200) (650–1000)  
GRWR   0.15 
Mean ± SD 1 ± 0.2 0.97 ± 0.13  
Range (0.7–1.6) (0.8–1.2)  
CIT (minutes)   0.18 
Mean ± SD 61 ± 25 77 ± 32  
Range (20–126) (40–120)  
WIT (minutes)   0,21 
Mean ± SD 52 ± 16 59 ± 14  
Range (30–105) (45–90)  
Operative time (hour)   0.26 
Mean ± SD 14.4 ± 2 15.2 ± 1.8  
Range (8–18) (12.5–19)  
Blood transfusion (unit)   0,20 
Mean ± SD 5 ± 6 3 ± 3  
Range (0–21) (0–10)  
Plasma transfusion (unit)   0.76 
Mean ± SD 6 ± 9 5 ± 5  
Range (0–30) (0–14)  
Portal vein venous graft 28(38.9%) 3(33.3%) 0.9 
Tumors number   0.89 
single 35(48.6%) 4(44.4%)  
multiple 37(51.4%) 5(55.6%)  
Tumor site   0.25 
Right 35(48.6%)   
Left 13(18.1%) 4(44.4%)  
bilateral 24(33.3%) 5(55.6%)  
Largest tumor diameter (cm)   0.54 
-Mean± SD 2.7 ± 1.1 2.9 ± 1.1  
-Range (1–5) (2–5)  
Tumor differentiation   0.01 
Well 21/65(32.3%) 0  
Moderate/poor 44/65(67.7%) 9(100%)  
Pathological Tumor grade   0.03 
I,II 39/65(60%) 3(33.3%) 
III,IV 26/65(40%) 6(66.7%) 
Capsule   0.83 
Present 10(13.9%) 2(22.2%)  
Absent 62(86.1%) 7(77.8%)  
Microvascular invasion 17(23.6%) 5(66.7%) 0.01 
Milan criteria   0.44 
Within 52(72.2%) 5(55.6%)  
Beyond 20(27.8%) 4(44.4%)  
UCSF criteria   0.37 
within 59(81.9%) 6(66.7%)  
Beyond 13(18.1%) 3(33.3%)  
Immunosuppressant   0.06 
CNI 49(68.1%) 4(44.4%)  
m-TOR 23(31.9%) 5(55.6%)  
Hospital stay (days)   0.33 
Mean ± SD 22 ± 9 26 ± 6  
Range (14–51) (17–35)  

HCC (hepatocellular carcinoma), CIT (cold ischemia time), WIT (warm ischemia time), SD (standard deviation), UCSF (University of California San Francisco criteria). 
CNI (calcineurin inhibitor), m-TOR (mammalian target of rapamycin inhibitor). 
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reconstruction in 31 patients as follow; reconstruction of V5 in 7 patients 
(Fig. 1), V8 in 4 patients (Fig. 2), V6 in 3 patients, combined V5 and V8 
in 4 patients, V6 with V5/V8 in 5 patients, and as Y shape venous graft 
for 2 PV reconstruction in 8 patients (Fig. 3). The mean length of the 
conduit was 6 cm (range 2–11 cm) and its mean diameter was 10 mm 
(range 7–15 mm). After reconstruction of the anterior sector tributaries 
(V5 and/or V8) the implantation of the new conduit portal vein graft 
direct to the IVC was done in 8/20 patients (40%), and to the common 
orifice of left hepatic vein and middle hepatic vein in 12/20 patients 

(60%). The 1 month, 3 month, and 1 year overall patency of the venous 
graft was 93.5%, 90.3% and 84% respectively. According to the tech-
nique of venous graft implant the 1month and 3 months patency was 
87.5%, and 87.5% respectively in direct IVC implant versus 91.7% and 
83.3% respectively, in common orifice implant with no significant dif-
ference. The 1year and 3 year liver graft survival rates were 88.2% and 
79.6% respectively, with no risk of patency of the PV conduit on graft 
survival (P = 0.92). 

The recurrence of HCC was mainly in the first 2 years post transplant, 
with a mean of 18.3 months and a range (11–28 months). Four patients 
(44.4%) had intrahepatic and extrahepatic recurrence, three patients 
(33.3%) had multiple hepatic recurrences, and two patients (22.3%) had 
only extrahepatic recurrence in the bones. Four patients (57.15%) with 
recurrent HCC were beyond Milan criteria, and three of them were also 
beyond UCSF criteria after studying the pathology of the explanted liver 
(Table 2). All patients with HCC recurrence had moderate/poor 
differentiated HCC, and five patients (66.7%) had microvascular inva-
sion (Table 2). 

The management was as follow: 3 patients underwent surgical 
excision of the recurrent HCC, 2 patients with bone metastasis under-
went radiotherapy, and 4 patients underwent medical treatment with 
Sorafenib. 

The risk factors for HCC recurrence in univariate analysis were; AFP 
>400 ng/mL (P = 0.01), neutrophil/lymphocyte ratio ≥4 (P = 0.03), 
moderate/poor differentiated tumor (P = 0.01), pathological tumor 
grades III and IV (P = 0.03), and microvascular invasion (P = 0.01). 
Using a venous graft from native liver for vascular reconstruction had no 
risk effect for HCC recurrence post LT (P = 0.9). In multivariate analysis 
the independent risk factors for HCC recurrence were AFP >400 ng/mL 
(HR = 1.47, 95% CI: 1.69–2.31, P = 0.01), moderate/poor differentiated 
tumor (HR = 3.06, 95% CI: 2.58–6.29, P = 0.02), and microvascular 
invasion (HR = 2.51, 95% CI: 1.05–1.93, P = 0.01). 

4. Discussion 

The need for vascular conduit became an important matter in LDLT 
due to the increased use of right lobe grafts and frequently encountered 
portal and hepatic vein anatomical variations [8,10,11]. The recon-
struction of MHV tributaries has various techniques, including the use of 
a venous graft from the inferior mesenteric vein, great saphenous vein, 
femoral vein, internal jugular vein, recanalized recipient umbilical vein, 
cryopreserved vein grafts, or prosthetic grafts [8,11,12]. Most of these 
venous grafts have a small caliber or their procurement is hazardous to 
the recipient [13]. Prosthetic graft has a high liability for graft infection. 
Cryopreserved cadaveric graft although it is an attractive option but it is 
not available in some institutions with living donor programs and still a 
high possibility of transmission of uncommon pathogens and some 
studies showed lower long term patency rates than autologous vessel 
grafts [8,14,15]. 

Using vascular conduit in LDLT from a native liver with a tumor is 
still a debatable issue with multiple aspects that need discussion. The 

Fig. 1. V5 reconstruction by PV graft.  

Fig. 2. V8 reconstruction by PV graft.  

Fig. 3. Y shaped venous graft reconstruction of 2 PV.  
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portal vein usually has the advantages of larger caliber, natural curva-
ture along its course, and a thick wall [8]. Shi et al. [16], in their study 
on 113 patients with single HCC showed that in cases with HCC < 3 cm, 
the incidence of proximal micro metastasis is 0% if we had safety margin 
more than 2 cm, and 5.1% if the tumor >3 cm with same safety margin. 
They reported that 1 cm margin is safe in hepatic resection of HCC. So 
some authors thought that if the tumor was away from the hilar PV by >
2 cm, it was appropriate for harvesting the PV and using it as a venous 
graft, without any increased risk on recurrence of HCC [8,17], as we 
proposed in the selection of the PV graft in our study. Tashiro et al. [17], 
also showed successful use of an explanted right hepatic vein in vascular 
reconstruction as it is usually has a large diameter and intact intima, so it 
can eliminate additional hazardous surgery to the donor or the recipient 
in harvesting a suitable vascular graft, and it is accepted in cases with 
HCC if the tumor was more than 2 cm away from the right hepatic vein, 
as in the previous study with portal vein conduit. 

In contrast, Kakodkar et al., showed successful use of cryopreserved 
portal vein, middle hepatic vein and recanalized umbilical vein from 6 
explanted native livers who had no malignancy or thrombosis in other 
blood group matched recipients with unsuitable veins. They used these 
cryopreserved vascular grafts only after the exclusion of any intra-
hepatic malignancy in histopathological study of the explanted liver [7, 
11]. Different studies showed that the type of conduit had no impact on 
the patency of the reconstructed veins [6,18,19]. Borle et al., reported in 
their prospective observational study from 2014 to October 2015 on 88 
patients with new MHV reconstruction that their first choice in conduit 
is PV graft (67/88, 86.7%), but in cases with PVT or HCC they prefer 
PTFE [20]. 

Some studies showed that the rate of thrombosis of the venous graft 
was 10–17% as seen in our study. Hwang et al., showed that if occlusion 
of the venous graft occurred after 2 weeks of transplant, the liver 
function and the survival rates would not be affected by the occlusion as 
seen in our study [21]. It has been reported that the liver graft may 
tolerate the accessory hepatic veins obstruction after 7–14 days after 
transplantation by the development of interlobar collaterals [20,22]. 

The cause of early venous graft occlusion may be due to technical 
issues or external compression with haematoma [8]. Shin et al. [23], 
reported clinically successful stenting of interposition grafts after acute 
obstruction (9/11 patients, 82%) and 63.6% of stent placements were in 
first 24 h after transplant. The mechanisms of late venous graft occlu-
sions are different; it may be related to graft rotation, or decrease of 
inflow after regeneration or immunological factors after transplant [24, 
25]. Borle et al., showed that good monitoring of fluid balance in the 
early postoperative period by preventing persistently elevated central 
venous pressure to avoid any weak flow in the new veins also meticu-
lously limited correction of mild coagulopathy in the perioperative 
period unless indicated [20]. 

In the previous series, they used explanted PV-umbilical vein com-
plex from the recipient native liver in 66 patients with a patency rate of 
89.4% at 1 month, and no difference from PTFE graft patency of 90%, 
also the technique of implantation direct to the IVC or as a common 
orifice with the right hepatic vein did not affect the patency rate of the 
venous graft as seen in our study [20]. Ikegami et al. also had the same 
findings that the type of graft implant did not affect its patency [8]. In 
one study by the Asan group, they used first a fence graft of cry-
opreserved iliac veins between the MHV tributaries and PTFE grafts; 
they supposed that it prevents the intimal proliferation that may occlude 
the PTFE graft [20]. 

A certain degree of graft congestion may be inevitable in the right 
lobe graft in LDLT, with subsequent inflammatory reaction and rabid 
regeneration of the non-congested segment. It has been suggested that 
graft congestion is a risk factor for HCC recurrence. Suh et al., reported 
that graft congestion >10%, microvascular invasion, and alpha- 
fetoprotein level >200 IU/L, were significantly risk factors for tumor 
recurrence [26,27], as seen in our study, but we did not investigate the 
effect and degree of graft congestion. 

Halazum et al., developed a Model of Recurrence after Liver Trans-
plant (MORAL) score in their prospective cohort study on 339 patient 
with HCC for the prediction of recurrence free survival after liver 
transplantation. In the pre-MORAL, the 3 preoperative independent 
predictors of worse survival were NLR ≥5, AFP >200, and tumor size 
>3 cm. In post MORAL, the postoperative independent predictors of 
survival were grade IV HCC, vascular invasion, tumor number >3, and 
size > 3 cm. They showed that the combined scores produce a combo- 
MORAL score that is a simple and highly accurate tool for the predic-
tion of HCC recurrence [28]. Other studies also showed that NLR ≥4 was 
a strong independent risk factor for post LDLT tumor recurrence [29,30], 
in our study, NLR was a risk factor for HCC recurrence in univariate 
analysis. 

The limitations of this study are the relatively small number of pa-
tients who used venous grafts, and the low incidence of recurrent HCC 
that may impact statistical bias. We did not measure the regeneration 
power of the anterior sector with and without occluded venous graft 
which needs another study. The percent of graft congestion that can 
affect graft function and its risk on HCC recurrence still needs further 
study. 

In conclusion, the use of PV venous graft of native liver with HCC 
for venous reconstruction is a feasible and valuable option in LDLT, 
especially if other types of vascular grafts are not available, with good 
patency rates and no risk on HCC recurrence. The independent risk 
factors for HCC recurrence in our study were AFP >400 ng/mL, mod-
erate/poor differentiated tumor, and microvascular invasion, that 
should be considered in selecting patients with HCC for liver trans-
plantation, and also need close follow up for early detection of any 
tumor recurrence. 
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