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Technical refinement of prosthetic vascular graft anastomosis to 
recipient inferior vena cava for secure middle hepatic vein 

reconstruction in living donor liver transplantation
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Backgrounds/Aims: Hemashield vascular grafts has been used for middle hepatic vein (MHV) reconstruction during living 
donor liver transplantation (LDLT). We occasionally encounter outflow disturbance of MHV conduit at the anastomotic stump 
of the middle-left hepatic vein (MLHV) trunk. To mitigate the disturbance, we carried out a series of studies regarding 
hemodynamics-compliant MHV reconstruction. Methods: This study comprised of three parts: Part 1: Determining the 
causes of outflow disturbance; Part 2: Computational simulative analysis; and, Part 3: Clinical application of our refined 
technique. The types of Hemashield conduit-MLHV stump reconstruction were end-to-end anastomosis (type 1), side-to- 
end anastomosis (type 2), and oblique cutting of the conduit end and patch plasty (type 3). Results: In Part 1 study, 
the reconstruction types were type 1 in 23, type 2 in 25, and type 3 in 2. Significant anastomotic stenosis was identified 
in 7 (30.4%) in type 1, 6 (24.0%) in type 2, and none (0%) in type 3. The size of MLHV stump was the most important 
factor for anastomotic stenosis. Through Part 2 study, technical knacks were developed as follows: the conduit end 
was cut in a dumb-bell shape and a vessel patch attached; and then sutured bidirectionally from the 9 o’clock direction. 
In Part 3 study, these knacks were applied to 5 patients and none of them experienced noticeable anastomotic stenosis. 
Conclusions: Our refined technique to perform conduit-MLHV stump anastomosis appears to reduce the risk of anasto-
motic outflow disturbance for relatively small MLHV stump. (Ann Hepatobiliary Pancreat Surg 2020;24:144-149)
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INTRODUCTION

Middle hepatic vein (MHV) reconstruction with vascular 

graft interposition is regarded as one of the standard pro-

cedures for living donor liver transplantation (LDLT) us-

ing a modified right lobe graft. Various interposition con-

duit materials, such as autologous and homologous vessels 

and prosthetic vascular grafts, have been used.1-5 Since the 

supply of homologous vessel allografts is very limited world-

wide, various prosthetic vascular grafts are being used in-

stead of homograft and their short-term patency rates were 

reported to be acceptably high.3-5

Despite the diameter of prosthetic vascular grafts being 

large enough, outflow disturbance of the MHV conduit 

still occurs unexpectedly. Based on our experience, the usual 

sites of stenosis were the anastomotic sites between the 

prosthetic graft and MHV tributary orifices at the right 

liver graft. However, the anastomotic site between the 

prosthetic graft and the stump of the middle-left hepatic 

vein (MLHV) trunk attached at the recipient inferior vena 

cava (IVC) appeared to be another source of outflow 

disturbance. Anastomosis of a prosthetic vascular conduit 

to the right liver graft is performed at the back table. 

Considering that anastomosis at back table is performed 

under good work field, the anastomotic stenosis is often 

associated with small size of the graft MHV tributaries. 

In contrast, a prosthetic vascular graft is anastomosed with 

the MLHV stump, which is much larger than the graft 
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Fig. 1. Intraoperative photographs 
and computed tomography images 
taken 1 week after liver trans-
plantation. The reconstruction 
techniques were type 1 (A and 
C) and type 2 (B and D). 
Dotted circles indicate the out-
lines of the anastomosis.

MHV tributaries. Due to such large-sized anastomosis, marked 

outflow disturbance inducing hepatic venous congestion 

rarely develop. However, the morphological configuration 

of the conduit-MLHV stump anastomosis is often dis-

torted primarily due to highly variable matching of the 

prosthetic vascular graft and MLHV stump. Such hemo-

dynamics-non-compliant configuration can induce un-

wanted raise of outflow resistance, which will be a poten-

tial source of MHV outflow disturbance.

To solve such a hemodynamics-associated problem re-

garding the conduit anastomosis to the MLHV stump, we 

carried out a series of studies on hemodynamics-compliant 

reconstruction and established refined techniques enabling 

secure MHV reconstruction.

MATERIALS AND METHODS

Study design

This study comprised of three parts as follows: Part 1: 

Determining the underlying causes of outflow disturbance 

at the conduit anastomotic site of the MLHV stump. Part 

2: A hemodynamics-compliant hemodynamics analysis to 

solve the abovementioned outflow disturbance. Part 3: 

Clinical application of the refined techniques of MHV 

reconstruction. This study protocol was approved by the 

Institutional Review Board of our institution.

Mechanism of MHV anastomotic stenosis 

(Part 1)

We selected 50 case of adult LDLT using MHV re-

construction using a collagen-impregnated woven double 

velour polyester graft (Hemashield Platinum, Maquet; hence-

forth simply referred to as Hemashield graft) during a 6- 

month study period from July 2018 to December 2018. 

The morphological configuration of the conduit anasto-

motic site was analyzed using serial follow-up of dynamic 

liver computed tomography (CT) scans (Figs. 1, 2).
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Fig. 2. Comparison of dynamic 
computed tomography images 
taken 2-3 weeks after liver trans-
plantation. In type 1 reconstruc-
tion technique, the anastomosis 
is wide (A) and narrow (C). In 
type 2 reconstruction technique, 
the anastomosis is wide (B) and 
narrow (D).

Fig. 3. Schematic illustration of the reconstruction techniques for anastomosis of a Hemashield conduit and the left-middle hepatic 
vein trunk stump. A colored rectangular patch indicates a vein homograft.

Computational simulative analysis (Part 2)

There were three types of conduit-MLHV stump re-

construction techniques in the Part 1 study: the first was 

end-to-end anastomosis with oblique cutting of the con-

duit end (type 1). The second was side-to-end anastomosis 

(type 2), and the third was oblique cutting of the conduit 

end and add-on patch plasty of the left end of MLHV 

stump (type 3) (Fig. 3). Simulative analysis regarding effi-

cacy of MHV outflow drainage was performed based on 

the principles of hemodynamics using computational fluid 

dynamics software (ADINA fluid-structure interaction 

model, ADINA R&D, Inc., MA).

Clinical application (Part 3)

The refined techniques based on the Part 2 analysis 

were applied to five cases of adult LDLT using MHV re-

construction using a Hemashield graft during a 4-month 

period from July 2019 to October 2019. The morpho-

logical configurational changes at the conduit anastomotic 

site were analyzed through serial dynamic CT follow-up.
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Fig. 4. Schematic illustration of the refined reconstruction 
techniques of type 3. A rectangular patch indicates a vein 
homograft.

The surgical techniques to anastomose a Hemashield 

graft to the right liver graft were as follows: A Hemashield 

graft with an internal diameter of 10 mm was used. A 

small niche was created to enlarge the orifices of MHV 

tributary stumps, after which an intervening vessel homo-

graft patch was attached for end-to-side anastomosis of 

MHV branches. The 5-0 Prolene sutures was for vascular 

anastomosis. Details of the procedures were presented 

previously.6

RESULTS

Profiles of MHV anastomotic stenosis (Part 1)

The mean age of 50 recipients was 54.1±6.1 years, and 

male patients were 38 (76%); the number of hepatitis B 

virus infection-associated patients was 26 (52%); model 

for end-stage liver disease score was 16.1±8.5; ABO blood- 

incompatible LDLT was 7 (14%); and graft-recipient weight 

ratio was 1.13±0.21. All patients are still alive for more 

than 1 year to date.

The types of conduit-MLHV stump reconstruction tech-

nique were type 1 in 23 (46.0%), type 2 in 25 (50.0%), 

and type 3 in 2 (4.0%). Noticeable morphological distor-

tion at the conduit-MLHV stump reconstruction on 1-week 

CT scan was identified in 7 (30.4%) in type 1, 6 (24.0%) 

in type 2, and none (0%) in type 3 (Fig. 2). None of them 

underwent percutaneous stenting to solve the morpho-

logical distortion at the conduit-MLHV stump anastomotic 

site.

Results of simulative analysis (Part 2)

Type 1 technique could reduce the cross-sectional area 

at the right end of conduit-MLHV stump anastomosis by 

20-40% depending on the size of MLHV stump. If the 

transverse diameter of the ovoid MLHV stump was 2 cm, 

the anastomosis cross-sectional area was reduced by at 

least 20% of the 10 mm-sized Hemashield conduit.

Type 2 and type 3 techniques could reduce the cross- 

sectional area at the right end of conduit-MLHV stump 

anastomosis by 10-30% depending on the size of MLHV 

stump. Thus, these two techniques had comparable effi-

cacy on conduit-MLHV stump anastomosis. The size of 

the MLHV stump turned to be most important factor to 

achieve secure conduit-MLHV stump anastomosis, which 

is dependent only on the hepatic vein anatomy of the 

recipients. In practice, technical widening of the MLHV 

stump is usually not permissible because of high operative 

risk.

According to a detailed image analysis of the conduit- 

MLHV stump anastomosis, the most critical point of anas-

tomotic stenosis was the shape of the right end of anasto-

mosis. If it was narrow-angled, it appeared to be vulner-

able to making anastomotic stenosis. To make the shape 

of the right end of anastomosis round, the suture line 

should be started bidirectionally from the 9 o’clock direc-

tion. To apply this suture technique, type 3 technique ap-

peared to be more suitable than type 2 technique.

Results of clinical application (Part 3)

The technical knacks for type 3 reconstruction learned 

from Part 2 study can be summarized as follows: cut the 

conduit end in a dumb-bell shape; attach a 2 cm-long ves-

sel homograft to the left end of MLHV stump; suture bi-

directionally from the 9 o’clock direction (Fig. 4).

These knacks were prospectively applied to 5 patients. 

Follow-up CT scan up to 3 months revealed that notice-

able anastomotic stenosis did not develop at all, even in 

the two patients who had a small-sized MLHV stump 

(Fig. 5). In all 5 patients, the sources of vessel homograft 

patch were small cryopreserved iliac artery segments, 

which were residues after performing bench work re-

construction for MHV tributaries.

DISCUSSION

Reconstruction of MHV resulted in new demands for 

prosthetic vascular grafts in the field of LDLT using a 

modified right liver graft. Regarding availability, pros-

thetic vascular grafts have a definite advantage of un-

limited supply.1-6 We previously presented the merit of 
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Fig. 5. Dynamic computed tomo-
graphy images taken 1 week after 
liver transplantation after applica-
tion of refined type 3 reconstruc-
tion technique. (A) A 3-dimen-
sional reconstruction image shows 
a neck portion at the left-mid-
dle hepatic vein trunk stump 
(arrow). (B-D) Detailed serial 
cross-sectional images of the 
luminal transition from a Hema-
shield conduit to the left-middle 
hepatic vein trunk stump (arrows).

Hemashield graft regarding its availability and technical 

feasibility, and the Hemashield grafts was the most pref-

erable prosthetic vascular graft in our institution.6

However, the Hemashield graft is relatively thin-wal-

led, thus being vulnerable to collapse if the pleats were 

partially disrupted. If such a situation is coincidentally 

matched with a small-sized MLHV stump, it can result 

in high incidences of morphological distortion. Therefore, 

it is necessary to make a technical modification to achieve 

failure-free MHV reconstruction.

The type 1 reconstruction technique is based on sur-

geons’ intuition. If the size of MLHV stump is large enough, 

there would be low risk of anastomotic stenosis.2,5 How-

ever, the size of MLHV stump is widely variable, thus creat-

ing chances of potential risk of anastomotic distortion. 

This was the background reason for performing this study. 

We accumulated experience on type 2 reconstruction tech-

nique for a long period, especially using the ringed Goretex 

graft.2,5 Since the ringed Goretex graft has a thick wall 

and concentric outer rings, it was resistant to collapse dur-

ing conduit-MLHV stump anastomosis. Such features of 

ringed Goretex grafts enabled us to perform both type 1 

and 2 reconstruction techniques easily. After using Hema-

shield grafts, type 1 reconstruction technique did not en-

sure secure MHV reconstruction, especially in patients with 

a relatively small MLHV stump.

After applying the newly refined type 3 reconstruction 

technique, there was no noticeable anastomotic stenosis. 

Since the number of study cases was too small for stat-

istical analysis, it is difficult to evaluate its efficacy on 

patency rate. This is a kind of preliminary study on newly 

refined technique, thus we believe that further experience 

and technical evolution will contribute to achieve fail-

ure-free MHV reconstruction.

This study has limitations of note. First, it was a small- 

volume single-center study, which could potentially in-

troduce selection bias. Second, our refined technique for 

type 3 reconstruction was not fully matured, thus further 

validation analysis may affect its technical evolution.

In conclusion, our refined technique to perform con-

duit-MLHV stump anastomosis helped to reduce the risk 

of anastomotic stenosis for relatively small MLHV stumps. 

Further experience and technical evolution will contribute 

to achieve failure-free MHV reconstruction during LDLT 

operation.
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