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 Background: This retrospective study from a single center aimed to evaluate the long-term patency of all-in-one sleeve ve-
noplasty (ASV) in 16 patients who underwent living donor liver transplantation (LDLT) with a right liver graft 
(RLG) between 2009 and 2019. ASV unifies the right hepatic vein (RHV), short hepatic vein (SHV), and middle 
hepatic vein (MHV) of an RLG. ASV enables wide side-to-side anastomosis to the recipient inferior vena cava 
(IVC).

 Material/Methods: Of 2875 patients who underwent LDLT with an RLG from August 2009 to July 2019, 16 (0.5%) patients under-
went ASV. We analyzed the ASV techniques applied to these patients, as well as patient long-term outcomes.

 Results: Type 1 ASV unified 1 RHV, 1 IRHV, and 1 MHV conduit (n=12 [75.0%]). Type 2 ASV unified 1 RHV, multiple IRHVs, 
and 1 MHV conduit (n=4 [25.0%]). All patients are currently alive, with a mean follow-up period of 70.1±41.9 
months. No patient underwent retransplantation. Follow-up computed tomography showed SHV occlusion in 
1 (6.3%) patient at 4 months, resulting in 1-, 3-, and 5-year SHV patency rates of 93.8% each. MHV occlusion 
was identified in 6 (37.5%) patients, with 1-, 3-, and 5-year MHV patency rates of 81.3%, 68.8%, and 68.8%, 
respectively (P=0.037). No patient underwent endovascular stenting of the SHV or MHV. Patency rates were 
significantly higher for SHV than MHV (P=0.037).

 Conclusions: ASV using various vascular patches is a useful technique enabling secure reconstruction of an RLG in grafts 
with complex hepatic vein anatomy or recipients with poor IVC condition.
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Background

Graft outflow vein reconstruction is the most important pro-
cedure for successful implantation of a right liver graft (RLG) 
in living donor liver transplantation (LDLT) [1,2]. The hepatic 
venous drainage pathways of RLGs include the right hepatic 
vein (RHV), middle hepatic vein (MHV), and short hepatic vein 
(SHV) including the inferior RHV (IRHV) [2]. Each of these he-
patic veins has its own drainage territory, thus making com-
plete reconstruction of these outflow veins essential to pre-
vent hepatic venous congestion [3,4].

Many innovative surgical techniques have been devised to re-
construct graft outflow veins in LDLT. All-in-one sleeve veno-
plasty (ASV) is a unique method of unifying the RHV, MHV, and 
SHV of an RLG [5-7], thereby enabling wide side-to-side anas-
tomosis, a technique similar to double inferior vena cava (IVC) 
anastomosis in deceased donor liver transplantation. ASV is a 
technique that simplifies the reconstruction of multiple hepat-
ic veins and can reduce warm ischemia time in LDLT using an 
RLG [6]. ASV can be made through quilt unification venoplas-
ty (QUV) using various homograft vessels [8-10].

This 10-year retrospective study from a single center aimed to 
evaluate the long-term patency and technical details of ASV 
in 16 patients who underwent LDLT using an RLG between 
2009 and 2019.

Material and Methods

Patient Selection

The LT database of Asan Medical Center was searched to iden-
tify patients who underwent LDLT using an RLG with ASV over 
an 11-year period from August 2009 to July 2019. Of the 2875 
patients who underwent LDLT using an RLG during this peri-
od, 16 (0.5%) patients underwent ASV. The medical records of 
these 16 patients were retrospectively reviewed, with all pa-
tients followed up until August 2021.

This study was performed in accordance with the ethical guide-
lines of the World Medical Association Declaration of Helsinki 
2013. The study protocol was approved by the Institutional 
Review Board of Asan Medical Center (No. 2021-1347), which 
waived the requirement for informed consent due to the ret-
rospective nature of this study.

Indication of All-In-One Sleeve Venoplasty

Because SHVs in RLGs varies in number, size and location, our 
institutional guidelines were established for reconstructing 
SHVs in relation to RHV [9,10]. QUV was performed in patients 

with 2 or more scattered SHVs, enabling a single anastomosis 
to the IVC. An interposition MHV conduit could be reconstructed 
separately to the IVC or integrated into the QUV orifice to make 
an ASV orifice. The decision on whether to integrate an MHV 
conduit depended primarily on the size and length of the MHV 
conduit. If the MHV conduit was large and long enough, sepa-
rate MHV reconstruction was preferred because it was techni-
cally easier than outflow vein reconstruction with ASV. If the 
MHV conduit was relatively small or short, ASV was indicated 
because it is vulnerable to outflow obstruction (Figure 1). The 
availability of sizable vascular homografts was the most im-
portant factor enabling ASV, because these homografts could 
not be replaced by prosthetic vascular grafts.

Surgical Technique For All-In-One Sleeve Venoplasty

All of the outflow vein branches of an RLG, including RHV, SHV, 
and MHV branches, could be unified at the wide sleeve patch 
corresponding to the IVC. The RHV and IRHV/SHVs were uni-
fied at the large-sized vascular homograft patch, followed by 
anastomosis of an MHV conduit or segment VIII hepatic vein 
(V8) opening to the large sleeve patch graft (Figures 2, 3). This 
technique resulted in the formation of a wide orifice, resem-
bling a half-sliced IVC at the RLG, thus enabling side-to-side 
cavo-caval anastomosis.

Side-to-side anastomosis usually involves deep side-clamp-
ing of the recipient IVC, which induces near-total clamping of 
the IVC flow. The alternative shallow side-clamping is more 
demanding than conventional deep clamping. If the recipient 
IVC is completely isolated, total separate clamping of the ret-
rohepatic IVC at the supra- and infrahepatic portions is con-
venient for wide anastomosis [9].

Patency Evaluation of the MHV and SHV

After LT, dynamic computed tomography (CT) was performed 
weekly during hospitalization, every 3-6 months at the outpa-
tient clinic for the first 3 years, annually for 5 years, and bian-
nually thereafter. Follow-up CT scans were performed more fre-
quently in patients diagnosed with hepatocellular carcinoma.

Occlusion of the MHV conduit was defined as non-visualiza-
tion of blood flow in the vascular conduit between the V8 (or 
segment V hepatic vein [V5] when only V5 was reconstruct-
ed) and the IVC on liver dynamic CT. If V5 was occluded but 
V8 remained patent, the MHV conduit was regarded as patent. 
If a CT scan could not be performed owing to impaired renal 
function, Doppler ultrasonography was performed. Occlusion 
of the SHV was defined as absence of continuity between the 
intrahepatic SHV and IVC on liver dynamic CT.
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Statistical Analysis

All numerical data are presented as means and standard devi-
ations. Survival rates were estimated using the Kaplan-Meier 
method and compared using the log-rank test. A P value <0.05 
was considered statistically significant. All statistical analy-
ses were performed using SPSS version 22 (IBM, New York, 
NY, USA).

Results

Patient Profiles

The clinical profiles of the 16 patients who underwent LDLT 
using an RLG with ASV are summarized in Table 1. The mean 
recipient age was 53.6±6.7 years. Hepatitis B virus-associat-
ed liver cirrhosis was the most common disease leading to LT 
(n=8 [50.0%]). One (6.3%) patient was diagnosed with Budd-
Chiari syndrome. Two (12.5%) patients underwent a second 
LDLT due to graft failure at 90 and 197 months, respectively, 
after the first LDLT. The mean model for end-stage liver dis-
ease (MELD) score was 15.5±9.5. Three (18.8%) patients un-
derwent ABO-incompatible LDLT. The mean graft-to-recipient 
weight ratio was 1.11±0.29%.

Configurations of All-In-One Sleeve Venoplasty

The configuration of ASV was stratified into 2 types. Type 1, a 
combination of 1 RHV, 1 SHV, and 1 MHV conduit or V8, was 
performed in 12 (76.0%) patients (Figure 3A-3C). Type 2, a 
combination of 1 RHV, multiple SHVs, and 1 MHV conduit or 
V8 was performed in 4 (25.0%) patients (Figures 2, 3D). All 
available vascular patches, including the cryopreserved iliac 
arteries/veins and aortas, and autologous saphenous veins, 
were used for QUV.

The mean cold ischemic time including bench work was 
105.6±29.1 min; the mean warm ischemic time was 51.7±24.9 
min; and mean total ischemic time was 157.4±40.9 min (Table 1).

Survival Outcomes

The mean follow-up period in these 16 patients was 70.1±41.9 
months. All 16 study patients are currently alive. Two (12.5%) 
patients experienced recurrence of hepatocellular carcinoma. 
None underwent retransplantation.

Analyses of Patency of the SHV and MHV

During post-transplant CT follow-up, SHV occlusion was iden-
tified in 1 (6.3%) patient at 4 months, resulting in 1-, 3-, and 

Major short hepatic veins

Single SHV

Near to RHV

Yes No Uni�cation venoplasty
±funneling or quilt

venoplasty
Large clustered

venoplasty with RHV
(quilt uni�cation

venoplasty)Separate anastomosis
±funneling  venoplasty

Uni�cation venoplasty
with RHV

Two clustered SHVs

Large MHV conduit
Small MHV conduit

or single V8

Two separate reconstruction
to IVC

All-in-one sleeve reconstruction
to IVC

Scattered major SHVs ≥2

Figure 1.  Institutional guidelines for reconstructing 1 or multiple major short hepatic veins (SHVs) with the right hepatic vein (RHV) 
and middle hepatic vein (MHV). V8 and IVC indicate the segment VIII hepatic vein and the inferior vena cava, respectively.
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5-year SHV patency rates of 93.8% each (Figure 4A). MHV oc-
clusion was identified in 6 (37.5%) patients, with the 1-, 3-, 
and 5-year MHV patency rates of 81.3%, 68.8% and 68.8%, 
respectively (Figure 4B). No patient underwent endovascular 
stenting of the SHV or MHV. The patency rate was significant-
ly higher in SHV than in MHV (P=0.037).

Discussion

Every outflow vein of the liver has its own drainage territo-
ry. It is generally accepted that SHV or MHV branches great-
er than 5 mm are indicated for revascularization during LDLT 
using an RLG. It was reported that 44.1% of RLGs have sizable 
SHVs requiring reconstruction [10]. Donor SHV anatomy can 
vary widely, with the presence of variant SHVs making their 

reconstruction difficult [7]. Based on experience, our institu-
tion has established guidelines for reconstructing SHVs in re-
lation to the RHV [9,10]. QUV for multiple SHVs is a simple 
method to attach a new IVC wall cuff to an RLG. This method 
not only reduces the risk of anastomotic stenosis or torsion 
of SHVs, but also enhances donor safety because there is no 
need for wide excision of the donor IVC wall. The surgical pro-
cedure of QUV at the back table takes a longer time than con-
ventional bench work, which would be shortened along the 
learning curve [8-10].

The majority of RLGs have sizable V5 and V8 branches at the 
liver cut surface, with these branches also requiring revascular-
ization. MHV reconstruction using a vascular conduit has been 
regarded as a standard technique for LDLT using an RLG [11]. 
Such an MHV conduit can be reconstructed separately to the 

A

C

B

D

Figure 2.  Intraoperative photographs showing all-in-one sleeve venoplasty. (A) A right liver graft has 1 right hepatic vein opening, 2 
inferior right hepatic vein openings, and 1 middle hepatic vein openings. (B) The orthodox and inferior right hepatic vein 
openings are unified with an aorta homograft patch. (C) An iliac artery homograft conduit is connected between the segment 
V vein and the aorta patch. (D) The aorta patch is anastomosed to the recipient’s inferior vena cava in a side-to-side fashion.
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IVC or integrated into the QUV orifice to form an ASV. The de-
cision on whether to implant the MHV conduit separately or to 
form an ASV was based on the size and length of the MHV con-
duit and the availability of sizable vascular homograft patch-
es. A recipient IVC in poor condition, such as Budd-Chiari syn-
drome or those undergoing retransplantation after LDLT, is 
a good indication of ASV, as the latter can reduce the risk of 
graft outflow vein obstruction [12]. An abnormally small RHV 
with relatively large multiple SHVs is also an eligible indica-
tion of ASV, particularly type 2 ASV.

SHV reconstruction using a cryopreserved IVC patch was de-
vised in the early era of adult LDLT [5]. Because the barrel of 
an IVC homograft is large enough to accommodate multiple 
SHVs, it can effectively accommodate every variant of SHV 
anatomy. However, sizable IVC homografts can be recovered 
only from deceased tissue donors and it is nearly impossible 
to obtain from deceased multi-organ donors. Rather than us-
ing IVC homograft patches, we have used every available vas-
cular patch, including cryopreserved iliac arteries/veins and 
aortas, as well as autologous saphenous veins.

A

C

B

D

Figure 3.  Configurations of all-in-one sleeve venoplasty. (A) A right liver graft (RLG) has 1 right hepatic vein (RHV) opening, 1 adjacent 
inferior right hepatic vein (IRHV) opening, 1 segment V vein (V5) opening, and 1 segment VIII vein (V8) opening. The RHV and 
IRHV openings were directly unified. An iliac vein conduit was attached to the V5. V8 was located close to the RHV opening, 
so they were unified. A semicircular fence with the autologous greater saphenous vein patch was attached (type 1). (B) An 
RLG has 1 RHV opening, 1 distant IRHV opening, 1 V5 opening, and 1 V8 opening. An iliac artery conduit was attached to 
the V5 and V8, and then unified with the RHV opening. Arterial patches were attached to the IRHV (type 1). (C) An RLG has 
1 RHV opening, 1 distant IRHV opening, 1 V5 opening, and 1 V8 opening. An abdominal aorta was attached to the RHV and 
IRHV. An iliac vein conduit was attached to the V5 and V8, and then connected to the aorta graft (type 1). (D) An RLG has 
1 RHV opening, 2 distant IRHV openings, and 1 V8 opening. They were unified with a large-sized common iliac vein patch 
(type 2).
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Although we were aware of the advantages of ASV, it was not 
our first choice because length-adjusted insertion of an MHV 
conduit was more difficult than expected [9]. Separate recon-
struction of an MHV conduit is often simpler than ASV. This 
was one of the reasons why only a small number of patients 
at our institution underwent ASV. ASV has been sporadically 
reported in the literature [6,7,9].

The patency rate of the SHV was higher after ASV than after 
separate reconstruction or QUV. The 5-year patency rate of the 
SHV was 93.8% in the present study, compared with 70-80% 
in our previous study [10]. This higher patency rate was likely 
due to the SHVs being implanted at the IVC substitute patch at 
the back table, thus minimizing the risks of anastomotic steno-
sis and torsion. By contrast, the patency of the MHV was not 
higher after ASV than after separate MHV reconstruction. The 
causes underlying MHV conduit occlusion are different from 
those underlying SHV occlusion. SHV anastomosis is protect-
ed within the IVC, whereas the MHV conduits are exposed to 
extrinsic compression and other mechanical and liver hemo-
dynamic factors affected their luminal patency.

Parameters Values

Recipient age (years)  53.6±6.7

Recipient sex (n)

 Male  12 (75.0%)

 Female  4 (25.0%)

Primary disease (n)

 HBV-associated liver cirrhosis  8 (50.0%)

 HCV-associated liver cirrhosis  1 (6.3%)

 Alcoholic liver disease  3 (18.8%)

 Cryptogenic liver cirrhosis  1 (6.3%)

 Budd-Chiari syndrome  1 (6.3%)

 Late graft failure  2 (12.5%)

MELD score  15.5±9.5

Concurrent hepatocellular carcinoma (n)  8 (50.0%)

ABO-incompatible transplantation (n)  3 (18.8%)

Donor age (years)  26.0±7.5

Donor sex (n)

 Male  12 (75.0%)

 Female  4 (25.0%)

Table 1.  Profiles of the 16 patients who underwent living donor liver transplantation using a right liver graft with outflow vein 
reconstruction through all-in-one sleeve venoplasty.

Results are reported as mean±SD or as n (%). HBV – hepatitis B 
virus; HCV – hepatitis C virus; MELD – model for end-stage liver 
disease.

Parameters Values

Recipient-donor relation (n)

 Children  14 (87.5%)

 Son-in-law  1 (6.3%)

 Brother-in-law  1 (6.3%)

Graft type (n)

 Modified right liver graft  15 (93.8%)

 Extended right liver graft  1 (6.3%)

Graft-to-recipient weight ratio (%)  1.11±0.29

Ischemic time (minutes)

 Cold  105.6±29.1

 Warm  51.7±24.9

 Total  157.4±40.9

Post-transplant hospital stay (days)

 Recipient  26.3±25.6

 Donor  7.4±2.1

None of the patients in the present study experienced RHV ste-
nosis or required endovascular stenting, which may have con-
tributed to the absence of graft failure and patient death. These 
findings suggest that ASV provides highly reliable and secure 
graft outflow vein reconstruction for grafts with complex he-
patic vein anatomy or for patients with IVCs in poor condition.

We have maintained an institutional tissue bank to supply 
various vascular homografts. All human tissues stored at the 
tissue bank were donated after obtaining informed consent 
from the donors’ family members. All the procedures for vas-
cular tissue procurement and processing comply with Korean 
legislation and conform to the ethical and safety concerns for 
therapeutic use [13,14]. Currently, cryopreserved homografts 
of the femoral vein and artery and greater saphenous vein are 
available through the Korea Public Tissue Bank. Any sizable 
vessel homograft can be effectively used for graft venoplasty.

The present study has several limitations, including its retro-
spective design and small sample size from a single center. 
Therefore, multi-center studies including a larger number of pa-
tients are necessary to validate its results. Another limitation 
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of the present study was absence of control groups for com-
parison of patency rates.

Conclusions

The results of the present study suggest that ASV using vari-
ous vascular patches can be a useful technical option enabling 
secure reconstruction of an RLG in situations of complex graft 
hepatic vein anatomy or poor recipient IVC condition.
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Figure 4.  Kaplan-Meier patency curves of the (A) short hepatic vein (SHV) and (B) middle hepatic vein (MHV).
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