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INTRODUCTION
As cadaveric organ shortage becomes a critical problem, living 

donor liver transplantation (LDLT) is now widely performed 
to expand the donor pool, especially in East Asia [1]. LDLT 
using right lobe (RL) graft is now a standard procedure for 
adult patients in order to alleviate the problem of graft size 
insufficiency. RL graft without middle hepatic vein (MHV) is 
commonly used to secure donor safety in LDLT using RL graft. 

In this situation, congestion of the right anterior sector can 
occur and lead to graft failure [2-5]. Lee et al. [6] first suggested 
the modified right lobe (MRL) graft with reconstruction of MHV 
tributaries to resolve this problem in 2002 and this procedure 
has been accepted widely.

Multiple MHV tributaries draining segment 5 vein (V5) are 
found commonly in donor hepatectomy using conventional 
MRL graft, and multiple anastomoses are inevitable. Graft 
congestion caused by small-calibered MHV tributaries can cause 
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Purpose: Multiple segment 5 vein (V5) anastomoses are common and inevitable in living donor liver transplantation 
(LDLT) using modified right lobe (MRL) graft. Sacrifice of segment 4a vein (V4a) can simplify bench work and avoid graft 
congestion. But it could be harmful to some donors in previous simulation studies. This study aimed to evaluate donor 
safety in LDLT using caudal middle hepatic vein trunk preserved right lobe (CMPRL) graft.
Methods: LDLT using MRL grafts were performed on 33 patients (group A) and LDLT using CMPRL grafts were performed 
on 37 patients (group B). Group B was classified into 2 subgroups by venous drainage pattern of segment 4: V4a dominant 
drainage group (group B1) and the other group (group B2). Parameters compared between group A donors and group B 
donors included operation time, bench work time, number and diameter of V5, remnant liver volume and postoperative 
course. Those were also investigated in group B1 compared with group B2. And, we reviewed postoperative course of the 
recipients in groups A and B.
Results: Operation time and bench work time in group B were significantly shorter. There were no significant differences 
in most postoperative parameters between groups B1 and B2. As a result of recipient, V5 patency rates after LDLT were 
significantly higher in group B.
Conclusion: LDLT using CMPRL graft is a safe procedure for living donors. Donors with any type of V4 could be proper 
candidates for CMPRL graft if remnant liver volume is greater than 30% with minimal fatty change.
[Ann Surg Treat Res 2014;87(4):185-191]
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adverse effects on regeneration of the graft and recovery of the 
recipient. To overcome these problems, recently we have tried 
to use RL graft with sacrifice of MHV tributaries draining the 
inferior part of segment 4a vein (V4a). From this procedure we 
can get one large-calibered orifice of V5. We named this graft as 
"caudal middle hepatic vein trunk preserved right lobe (CMPRL) 
graft". Partial or total sacrifice of V4a can simplify bench work 
and avoid graft congestion. But according to previous simulation 
studies, it could be harmful to donors in terms of remnant liver 
congestion [7].

This study aimed to evaluate donor safety in LDLT using 
CMPRL graft.

METHODS
During the period from May 2010 to September 2013, 70 

LDLTs were performed with RL grafts in Pusan National 
University Yangsan Hospital. LDLT using conventional MRL 
grafts were performed on 33 patients (group A) and LDLT using 
CMPRL grafts were carried out on 37 patients since December 
2011 (group B). Group B was classified into 2 subgroups by 
predominant venous drainage pattern of segment 4a vein (S4) 
based on CT: V4a dominant drainage group (group B1) and the 
other−superior part of S4 hepatic vein (V4b) dominant drainage 
or left hepatic vein (LHV) dominant drainage−group (group B2).

The same protocol was used for all donor selection. Potential 
donors were evaluated through laboratory and serologic 
analyses to exclude any abnormalities suggesting liver disease. 
Detailed imaging studies including CT and MRI were performed 
to evaluate the vascular anatomy, biliary structure and liver 
volume. Liver biopsies were undertaken in all donors. Absolute 

exclusion criteria were any underlying medical condition that 
was considered to increase complications, ABO incompatibility, 
positive hepatitis serology, underlying liver disease, future 
remnant liver volume <30% and fatty change >30%.

All donor hepatectomies were performed without blood 
transfusion. During donor hepatectomy with CMPRL graft, 
the initial parenchymal transection plane was the same with 
conventional right hepatectomy. When encountering the MHV 
or V5 peripherally, the transection line was modified to the left 
side of the MHV. After full exposure of the left side of caudal 
MHV trunk, the right side of cranial MHV trunk was fully 
exposed until the junction of the MHV and inferior vena cava. 
Then, exposed V4a was sacrificed partially or totally. As a result, 
a single large orifice of V5 was obtained with caudal MHV 
trunk (Fig. 1). In bench work, anastomosis was very simple and 
standardized; a single large orifice of V5 was anastomosed with 
a ringed Gore-Tex graft in end-to-end fashion and segment 8 
vein (V8) was anastomosed in end-to-side fashion (Fig. 2).

The clinical data from the donors and recipients were 
analyzed retrospectively. Parameters compared between group 
A donors and group B donors included operation time, bench 
work time, number and diameter of V5, remnant liver volume, 
length of hospital stay, length of intensive care unit (ICU) stay, 
major complications, and laboratory findings on postoperative 
days (POD) 1, 3, and 5. Those were also investigated in group 
B1 compared with group B2 to evaluate the impact of the 
absence of dominant drainage vein of S4. And, we reviewed 
postoperative course of the recipients in groups A and B, which 
included liver function test, volume of the ascites on POD 7, 
MHV stent insertion rate and patency rate of V5 at one month 
and 3 months after LDLT. The chi-square test was used for 
comparisons of discrete variables and Mann-Whitney U test 
was used for comparison of continuous variables. P < 0.05 

Fig. 1. After hepatic parenchyma dissection was performed, 
left side of caudal middle hepatic vein trunk and right side 
of cranial middle hepatic vein trunk were fully exposed. We 
transected middle hepatic vein tributary draining segment 
4a vein (V4a) and get a single large orifice of middle hepatic 
vein tributary draining segment 5 vein (V5). Arrows indicate 
transection lines.

Fig. 2. In bench work, a single large orifice of caudal middle 
hepatic vein trunk (arrow) was anastomosed with a ringed 
Gore-Tex graft in end-to-end fashion and segment 8 vein (V8) 
was anastomosed in end-toside fashion.
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was considered statistically significant. Statistical analysis was 
performed using IBM SPSS Statistics ver. 21.0 (IBM Co., Armonk, 
NY, USA).

RESULTS

Donor outcome
MRL vs CMPRL: a comparison between groups A and B
Operation time and bench work time in group B were 377.70 

± 51.08 minutes, 48.22 ± 8.49 minutes, respectively, and 
significantly shorter than those in group A (operation time, P = 
0.000; bench work time, P < 0.001). V5 number was 1.36 ± 0.60 
(range, 1−3) in group A, 1 in group B, and there was significant 
difference (P = 0.002). V5 diameter was significantly larger 
in group B (P < 0.001). The preoperative expected remnant 
liver volume expressed as a ratio of the CT volume of the left 
lobe volume to that of the whole liver showed no statistically 
significant difference between the two groups (35.77 ± 3.94 in 
group A vs. 36.82 ± 3.71 in group B, P = 0.252). 

Postoperative donor recovery between the two groups was 
comparable. Fig. 3 shows serial changes of surrogate markers 
of remnant liver function after operation. AST, ALT, and 
serum bilirubin were checked on POD 1, 3, and 5; there were 
no significant differences between the two groups. On the 
other hand, PT checked on POD 1 and 5 was higher in group 
B and there was significant difference (POD 1, P = 0.010; POD 
5, P = 0.008). However, PT on POD 5 in both groups A and B 
decreased to near normal range (group A, 12.79 ± 0.86; group B, 
13.40 ± 1.00), so this result does not directly mean an adverse 
outcome of CMPRL graft. Actually, patients with PT value in 
these ranges do not need medical intervention such as fresh 
frozen plasma infusion. Durations of hospital stay and ICU stay 
were not significantly different between the two groups. Major 
complications needing surgical or nonsurgical intervention 
occurred to 2 donors in group A (1 bile leak and 1 portal vein 
stenosis) and 3 donors in group B (2 bleedings and 1 portal 
vein stenosis), but this result was comparable between the two 
groups (P = 0.658) (Table 1). All donors are alive and back to 

Fig. 3. Comparison of serial postoperative AST (A), ALT (B), total bilirubin (C), and PT (D) between conventional modified right 
lobe group (group A) and caudal middle hepatic vein trunk preserved right lobe group (group B).
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their predonation lifestyles.

V4a dominant or not: a comparison between groups B1 and B2
Of group B, 22 cases were classified to group B1 and 15 cases 

were classified to group B2. Operation time and bench work 
time showed no significant differences between the two groups. 
V5 diameter was comparable between the two groups (operation 
time, P = 0.232; bench work time, P = 0.366). Remnant liver 
volume was similar in the two groups (36.32 ± 3.79 in group 
B1 vs. 37.56 ± 3.59 in group B2, P = 0.325). In data related to 
postoperative course such as length of hospital stay and ICU 
stay, major complications were not significantly different 
between the two groups (Table 2). Fig. 4 shows laboratory 
results in the two groups. Remnant liver function on POD 1, 3, 
and 5 showed no significant differences except PT on POD 3 
(P = 0.016). We also investigated congestion area of S4 in each 
group by CT. Among group B2, congestion of S4 in abdominal 
CT follow-up after donor hepatectomy occurred to one donor. In 
group B1, congestion of S4 occurred to 5 donors, but territory of 
the congestion was relatively small and did not affect patients’ 
outcome, and there was no significant difference between the 
two groups (P = 0.368).

Recipient outcome
Recipients of groups A and B had similar distributions of age, 

sex, Model for end-stage liver disease (MELD) score and graft-
to-recipient body weight ratio (GRWR). With regard to liver 
function tests, there was no significant difference in peak AST, 
ALT, PT, and serum bilirubin levels between the two groups. 
Volume of ascites on POD 7 also showed similar value between 
the two groups.

In terms of V5 patency rate, recipients with CMPRL graft 
showed better results. One-month patency rate of V5 was 75.8% 
in group A and 94.6% in group B, and there was significant 
difference (P = 0.038). Three-month patency rate of V5 was 
48.5% in group A and 82.8% in group B, and these result also 
showed significant difference between the two groups (P = 
0.001). Stent insertion was needed in 5 recipients of group 
A and one recipient of group B, but there was no significant 
difference (P = 0.093) (Table 3).

DISCUSSION
After LDLT using conventional RL graft, graft congestion 

of right anterior section can occur and sometimes it may lead 
to serious complications including graft loss [3,8,9]. Some 
operative techniques were developed to avoid this problem. 

Table 1. Donor results: comparison between conventional modified right lobe group (group A) and caudal middle hepatic 
vein trunk preserved right lobe group (group B) 

Variable Group A (n = 33) Group B (n = 37) P-value

Operation time (min) 424.09 ± 43.31 377.70 ± 51.08 <0.001
Bench work time (min) 68.09 ± 6.85 48.22 ± 8.49 <0.001
V5 number 1.36 ± 0.60 1.00 ± 0.00 0.002
V5 diameter (mm) 10.94 ± 3.54 15.38 ± 4.00 <0.001
Remnant liver volume (%) 35.77 ± 3.94 36.82 ± 3.71 0.252
Hospital stay (day) 15.52 ± 3.10 15.30 ± 2.58 0.750
ICU stay (day) 1.0 ± 0.0 1.05 ± 0.23 0.160
Major complications 2 (6.1) 3 (8.1) 0.658

Values are presented as mean ± standard deviation or number (%).
V5, segment 5 vein; ICU, intensive care unit.

Table 2. Donor results: comparison between V4a dominant drainage group (group B1) and the other group (group B2)

Variable Group B1 (n = 22) Group B2 (n = 15) P-value

Operation time (min) 369.32 ± 52.81 390.00 ± 47.47 0.232
Bench work time (min) 49.27 ± 7.36 46.67 ± 9.98 0.366
V5 diameter (mm) 16.05 ± 3.99 14.40 ± 3.92 0.224
Remnant liver volume (%) 36.32 ± 3.79 37.56 ± 3.59 0.325
Hospital stay (day) 14.68 ± 2.34 16.20 ± 2.73 0.079
ICU stay (day) 1.05 ± 0.21 1.07 ± 0.26 0.787
Major complication 2 (9.1) 1 (6.7) 1.000
Congestion of segment 4 5 (22.7) 1 (6.7) 0.368

Values are presented as mean ± standard deviation or number (%).
V5, segment 5 vein; ICU, intensive care unit.
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Table 3. Recipient results: comparison between conventional modified right lobe group (group A) and caudal middle 
hepatic vein trunk preserved right lobe group (group B)

Variable Group A (n = 33) Group B (n = 37) P-value

Age (yr) 51.06 ± 8.23 50.54 ± 8.09 0.791
Sex 0.407

Male:female 23:10 29:8
MELD score 15.61 ± 9.84 11.89 ± 9.25 0.108
GRWR 1.13 ± 0.30 1.04 ± 0.24 0.176
Peak PT (sec) 20.63 ± 2.57 22.31 ± 5.28 0.102
Peak INR 1.91 ± 0.22 2.04 ± 0.50 0.165
Peak AST (IU/L) 529.18 ± 323.25 517.68 ± 297.57 0.877
Peak ALT (IU/L) 529.76 ± 290.50 530.05 ± 282.70 0.997
Peak serum bilirubin (mg/dL) 7.01 ± 7.69 5.22 ± 3.40 0.203
Ascites, day 7 (mL) 563.11 ± 497.28 526.76 ± 426.08 0.743
MHV stent insertion 5 (15.2) 1 (2.7) 0.093
V5 patency

1 Month after operation 25 (75.8) 35 (94.6) 0.038
3 Months after operation 16 (48.5) 32 (82.8) 0.001

Values are presented as mean ± standard deviation or number (%).
MELD, model for end-stage liver disease; GRWR, graft-to-recipient body weight ratio; INR, international normalized ratio; MHV, 
middle hepatic vein.

Fig. 4. Comparison of serial postoperative AST (A), ALT (B), total bilirubin (C), and PT (D) between V4a dominant drainage 
group (group B1) and the other group (group B2).
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Toshima et al. [7] proposed another kind of MERL graft 
named as V5 drainage preserved right lobe graft (VP-RL). They 
classified anatomic variations of V4 into 3 types: V4 inferior 
dominant type (type A); V4 superior dominant type (type B); 

umbilical vein dominant type from left hepatic vein (type C). 
They analyzed the functional liver remnant volume (FLRV) of 
each V4 anatomic types between VP-RL graft using group and 
MRL graft using group by simulation study. As a result, type 
A showed significantly lower FLRV when using VP-RL graft 
compared with MRL graft, and thus concluded that VP-RL graft 
should not be performed on donors with type A to obtain donor 
safety after donation. In their actual LDLT application of VP-RL, 
they concluded VP-RL graft group (n = 8) was superior to MRL 
graft group (n = 7). Unlike their concerns, partial congestion of 
remnant liver was observed mainly in V4a dominant types but 
it was a relatively small area and recovered within one month in 
our study. And postoperative course of type A donors were not 
significantly different with that of types B and C donors. Based 
on our experiences, CMPRL graft could be carefully applicable 
in most donors who had a remnant liver volume greater than 
30% of whole liver with minimal fatty change. Additionally, 
one large V5 orifice was always obtained in CMPRL graft. 
Consequently, bench work came to be simplified and ischemic 
time was significantly shortened. Furthermore, this procedure 
may decrease the stricture rate of V5 anastomosis site and the 
rate of stent insertion for MHV reconstruction site. And in 
terms of maintenance of V5 patency, we determined that it was 
more favorable than conventional MRL graft.

In conclusion, LDLT using CMPRL graft is relatively safe 
procedure for live liver donors, and there are many benefits 
such as decrease of operation and ischemic time, convenience 
of operation, and more favorable maintenance of V5 patency. 
Donors with any type of V4 could be proper candidates for 
CMPRL graft if remnant liver volume is greater than 30% with 
minimal fatty change.
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