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Safety of modified extended right hepatectomy in living
liver donors
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Introduction

Recently, living donor liver transplantation (LDLT) for

adult patients has been performed worldwide [1]. Size

mismatch remains a major obstacle to the expansion of

LDLT to adult recipients [2]. In LDLT, the standard

right graft has been adopted by many centers to meet

the metabolic demands of large recipients. This proce-

dure can result in potential congestion in the anterior

section of the right graft, because the middle hepatic vein

(MHV) remains on the donor side, which constitutes the

main drainage vein for the right anterior section and

segment 4 (Sg4) [3–6]. Congestion at anterior section

might be problematic especially when the graft volume is

insufficient.

Some investigators have advocated modified right liver

graft, in which the MHV tributaries from the anterior

section drain to the recipient MHV using vascular grafts,

when sizable MHV tributaries are encountered [5,6].

However, this procedure is not always effective [6]. The
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Summary

In living donor liver transplantation (LDLT), the standard right graft has been

adopted by many centers to meet the metabolic demands of large recipients. In

conventional right liver graft, congestion at anterior section may be problem-

atic especially when graft volume is insufficient. We previously introduced a

technical aspect of modified extended right hepatectomy (MERH), in which

the middle hepatic vein was excavated by preserving the entire segment 4 (Sg4)

to the donor. In this report, we investigated the safety of donors who received

MERH. Between August 2002 and July 2005, 97 donors underwent right liver

donation. MERH was considered when remnant-left liver volume exceeded

35% of whole liver. Eighteen donors underwent MERH (MERH group, n ¼18).

We compared the clinical outcomes of MERH group with those of donors who

underwent conventional right hepatectomy (RH) with remnant liver volume

exceeding 35% (RH group, n ¼ 37). No donor mortality occurred. No intra-

operative transfusion and no re-operation were performed. There were no dif-

ferences in operative time (290.8 min in MERH group vs. 297.0 min in RH

group, respectively), blood loss (453.3 ml vs. 426.5 ml), and postoperative hos-

pital stay (12.5 days vs. 12.8 days) between the two groups (P > 0.05). Period

of drain removal was longer in MERH group (12.5 days vs. 9.4 days,

P < 0.05). But, there was no difference in complication rate between the two

groups (11/18 vs. 23/37, P > 0.05). Computed tomography scan showed that

congestion of Sg4 was occurred in 13 out of 18 MERH donors in early postop-

erative period, but all recovered at 4 months. The regeneration of the remnant

liver after MERH and RH were similar (209.8% vs. 200.0% at 4 months,

P > 0.05). Our results show that MERH did not impair recovery or liver regen-

eration in donors, and indicate that MERH can be safely done in adult LDLT

when the remnant liver exceeds 35%.
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major branches of segments 5 and 8 should be anasto-

mosed to the recipient’s deep-seat MHV stump. A relat-

ively long segment bridging a low-pressure venous

system would be more prone to thrombosis. It requires

additional vessels and is a time-consuming procedure to

prolong warm ischemic time. Others have opted to per-

form the extended right hepatectomy, including the

MHV and some portion of Sg4 in the graft [7–9]. This

can alleviate the problem of graft congestion and allow

a larger graft to be obtained. But, the remnant donor

liver is often too small and remnant Sg4 portion

becomes congested.

We previously introduced the technical refinement of a

modified extended right hepatectomy (MERH), in which

the MHV was excavated by preserving the entire left med-

ial section (Sg4) to the donor [10]. Indications for MERH

in donor hepatectomy are when the graft volume is insuf-

ficient for recipients, remnant liver volume exceeds 35%

of the whole liver, and donor steatosis is absent.

Modified extended right hepatectomy in donor hepatec-

tomy has several advantages. Firstly, this procedure guaran-

tees good venous drainage and optimal graft function.

Secondly, this procedure can ensure the safety of the donor

because of preservation of entire Sg4 of the donor. Thirdly,

it is not technically demanding too much. Fourthly, it con-

sumes little operation time. Fifthly, if intersegmental vein is

present, no severe congestion of S4 occurs [10].

In this report, we investigated the safety of the donors

who received MERH.

Patients and methods

Between August 2002 and July 2005, 97 live donors under-

went right hepatectomy (RH) at our institution. Remnant-

left liver volume was estimated as exceeding 35% in 55

donors. We performed MERH when recipient condition

was poor and when donor remnant liver volume exceeded

35% of whole liver volume without steatosis [10]. Eighteen

donors underwent MERH. These donors were classified as

MERH group (n ¼ 18). At the same period, 37 donors

whose remnant liver volumes exceeded 35% underwent

conventional RH. These donors were classified as RH

group (n ¼ 37).

Male-to-female ratio was similar in both groups (30:7

in RH group and 13:5 in MERH group, P ¼ 0.50).

Mean ages of both groups were similar too

(28.8 � 9.1 years in RH group and 32.7 � 11.9 years in

MERH group). Pre-operatively measured remnant vol-

umes were not different in both groups (38.6 � 2.8% of

whole liver in RH group, and 37.1 � 3.0% of whole liver

in MERH group, P ¼ 0.09). At the operation room, we

performed liver wedge biopsy before doing donor hepa-

tectomy and checked steatosis of liver by frozen biopsy.

Macroscopic steatosis was observed in 22 out of 37

donors in RH group and 12 out of 18 MERH group at

the time of operation. Ratio with steatosis was not differ-

ent in both groups (Table 1). In RH group, 13 donors

showed macrovesicular steatosis £5%. Five donors

showed macrovesicular steatosis more than 5% and

£15%. In four donors, macrovesicular steatosis was more

than 15%. In MERH group, 10 donors showed macrove-

sicular steatosis £5%. Two donors showed macrovesicular

steatosis 10% and 20% each, and these two donors

received donor hepatectomy in an earlier period of our

liver transplantation program.

We investigated and compared retrospectively the clin-

ical outcomes of both groups. Also, we measured the

remnant liver volume 4 months after operation in donors,

and calculated 4 months liver regeneration index as fol-

lows; 4-month regeneration index (%) ¼ (liver volume at

POD 120/pre-operative remnant liver volume) · 100.

This value was compared between the two groups.

Postoperative complications of both groups were com-

pared.

In our institution, we performed complication surveil-

lance in donors prospectively in all donors [11]. We

defined hyperbilirubinemia when a serum total bilirubin

(TB) was >3.0 mg/dl postoperatively or >1.3 mg/dl

7 days after hepatectomy. Biliary leakage was defined

when total drain bilirubin exceeded that of serum 7 days

after donor hepatectomy. Ileus was defined as requiring

re-admission after discharge or re-operation. Pleural effu-

sion was detected by chest X ray or computed tomo-

graphy (CT). Wound problem included wound infection,

delayed stitch-out or keloid formation. Asymptomatic

intra-abdominal fluid collection was found by CT, and

prolonged ascites were defined when a postoperative

drain was required to be left in place for more than

10 days.

Table 1. Donors’ demographics.

Right

hepatectomy

group (n ¼ 37)

Modified

extended right

hepatectomy

group (n ¼ 18) P-value

Sex (male/female) 30/7 13/5 0.50

Age (years) 28.8 � 9.1 32.7 � 11.9 0.30

Pre-operative body

weight (kg)

65.5 � 8.5 64.6 � 7.6 0.99

Pre-operative

steatosis

22/37 12/18 0.42

Mean pre-operative

macrovesicular

steatosis (%, range)

5.8 � 7.6(0–30) 4.4 � 4.8(0–20) 0.92

Remnant liver

volume (%)

38.6 � 2.8 37.1 � 3.0 0.09

Modified right hepatectomy in liver donors Cho et al.

ª 2007 The Authors

780 Journal compilation ª 2007 European Society for Organ Transplantation 20 (2007) 779–783



Statistical analyses were performed by using spss for

window version 11.5 (SPSS Korea, Seoul, South Korea).

We compared between groups with chi-squared test and

nonparametric analysis. Statistical significance was defined

when P-value was <0.05.

Results

There was no operative mortality or re-operation in both

groups. Operation time was 297.0 � 50.0 min in RH group

and 290.8 � 53.0 min in MERH group (P > 0.05). Intra-

operative blood loss was similar in both groups (426.5 �
217.3 ml in RH group vs. 453.3 � 190.0 ml in MERH

group, P > 0.05). There were no differences in serum AST,

ALT, and TB levels at 30 days after operation (28.8 �
10.5 IU/l, 43.7 � 45.0 IU/l, and 0.98 � 0.30 mg/dl in RH

group vs. 32.5 � 15.2 IU/l, 34.5 � 22.9 IU/l, and 0.86 �
0.43 mg/dl in MERH group, respectively, P > 0.05). The

volume of fluid drainage from the abdominal cavity was

larger in MERH group at POD3 (105.9 � 80.7 ml in RH

group vs. 295.5 � 139.9 ml in MERH group, P < 0.01)

and POD5 (105.9 � 111.1 ml in RH group vs. 224.6 �
139.6 ml in MERH group, P ¼ 0.002).

Duration of postoperative hospital stay was not different

between two groups (12.8 � 3.7 days in RH group vs.

12.5 � 2.9 days in MERH group, P ¼ 0.94). The liver

regeneration indices at 4 months after operation were

200.0 � 35.7% in RH group and 209.8 � 35.7% in MERH

group. These were statistically not different (Table 2).

Postoperative complications of both groups are listed

in Table 3. Overall complication rate was 62.2% in RH

group and 61.1% in MERH group, and there was no sta-

tistical difference (P ¼ 0.58). In RH group, hyperbili-

rubinemia occurred in 13 donors, fluid collection in

peritoneal cavity occurred in five, bile leak in six, ascites

in one, pleural effusion in five, wound problem in three,

and minor bleeding in one. In MERH group, hyperbiliru-

binemia occurred in four, fluid collection in peritoneal

cavity in five, bile leak in three, ascites in two, postopera-

tive ileus in two, minor bleeding in one. There was no

statistical difference in the rates of individual complica-

tions. All patients with complications recovered without

residual disabilities, and persistent medical treatment was

not necessary in all patients.

Discussion

In adult-to-adult LDLT, the major limitation is the ade-

quacy of the graft size [2]. LDLT using left liver graft

resulted in a poor post-transplant survival rate, when the

graft was <1.0% of the recipient’s body weight [12]. To

meet metabolic demand of adult recipient and to improve

the survival rate, right liver graft has been introduced

[13,14].

A right liver graft may be problematic when complicated

with severe congestion of the right anterior sector. Lee et al.

[4] reported that severe right anterior sector congestion

results in complications and poor patient survival, and sug-

gested that preservation and reconstruction of the MHV

tributaries. Sano et al. [15] suggested that intra-operative

Doppler ultrasonography with vessel clamping was a useful

indicator when deciding whether to reconstruct MHV

tributaries. Variable methods for reconstruction of MHV

Table 2. Postoperative course.

Right

hepatectomy

group (n ¼ 37)

Modified

extended right

hepatectomy

group (n ¼ 18) P-value

Operation time (min) 297.0 � 50.0 290.8 � 53.0 0.62

Intra-operative blood

loss (ml)

426.5 � 217.3 453.3 � 190.0 0.38

AST POD30 (IU/l) 28.8 � 10.5 32.5 � 15.2 0.55

ALT POD30 (IU/l) 43.7 � 45.0 34.5 � 22.9 0.57

Total bilirubin POD30

(mg/dL)

0.98 � 0.30 0.86 � 0.43 0.10

Postoperative drainage

at POD 3

105.9 � 80.7 295.5 � 139.9 <0.001

Postoperative drainage

at POD 5

105.9 � 111.1 224.6 � 139.6 0.002

Day of drain removal

(days)

9.4 � 3.5 12.5 � 7.6 0.10

Postoperative hospital

stay (days)

12.8 � 3.7 12.5 � 2.9 0.94

Four-month regeneration

index* (%)

200.0 � 35.7 209.8 � 35.7 0.28

Four-month regeneration index* (%) ¼ (liver volume at POD 120/pre-

operative remnant liver volume) · 100.

Table 3. Comparison of complications.

Right

hepatectomy

group (n ¼ 37)

Modified

extended right

hepatectomy

group (n ¼ 18) P-value

Complication rate

(n, %)

23 (62.2%) 11 (61.1%) 0.58

Complications

(cumulative number)

Hyperbilirubinemia 13 4 0.05

Fluid collection 5 5

Bile leak 6 3

Ascites 1 2

Ileus 0 2

Bleeding 1 1

Pleural effusion 5 0

Wound problem 3 0

Others 6 1
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tributaries were introduced. Some authors use autogenous

vein grafts for interposition harvested from the recipients,

donors or cadavers [6,16]. Sugawara et al. [6] used cryopre-

served veins such as iliac vein or the vena cava to recon-

struct MHV tributaries. Hwang et al. [17] reported

reconstruction of MHV tributaries of the anterior segment

using autologous great saphenous vein, cryopreserved iliac

vein and artery. But, reconstruction of MHV tributaries

with jump grafts would be a more complex, and require

long-operation time [18].

In addition, extended RH including MHV was first

introduced by Hong Kong group. In these procedures, a

small part of Sg4 was used to be included in graft liver

[7,9]. In MERH of our center, the entire parenchyme of

segment 4 is not resected and remained, and only MHV

is harvested to donor right graft [10]. We previously

reported that whole remnant donor liver regeneration was

not different from conventional RH donors at 4 months

after operation.

It is well known that RH in live liver donation, even

without MHV harvest, had considerable morbidity rates

compared to left hepatectomies or left lateral sectionecto-

mies [19,20]. Moreover, MHV harvesting with right liver

graft can have adverse effect on the donor. Donor safety

is the most important in planning the MHV harvest.

Scatton et al. [21] reported that RH with MHV never

affects morbidity or impairs early liver function and

regeneration in donors. Villa et al. [18] suggested that if

the graft were small in size and remnant liver volume

adequate, right lobe graft could be taken with or without

the MHV with equally successful outcomes in donors.

In our series, postoperative complications were not dif-

ferent in donors who received MERH and RH. Postopera-

tive liver functions were not different too. But,

postoperative drain amount was larger in MERH donors,

and drain removal tended to be delayed in MERH group.

This finding is probably because of temporary disturbance

of hepatic venous drainage and transient portal hyperten-

sion in MERH group because of absence of MHV [22–24].

But, no patient in MERH group required diuretic therapy

after operation for ascites control, and no clinical seque-

lae were observed in either groups. Day of discharge after

operations was similar in both groups, and there were no

persistent problems of portal hypertension with persistent

ascites.

Yokoi et al. [25] suggested that even mild steatosis of the

liver could be a risk factor for RH from living donors. So,

we do not perform MERH if hepatic steatosis is present in

frozen biopsy. In an earlier period of our program, two

donors with hepatic steatosis underwent MERH. These

donors suffered complications such as hyperbilrubinemia

and prolonged ascites drainage. After this, we perform

frozen biopsy to check steatosis of liver, and do not per-

form MERH if macroscopic steatosis exceeds 5%.

Our results show that MERH did not impair recovery

or liver regeneration in donors, and indicate that MERH

can be carried out safely in adult LDLT when the rem-

nant liver exceeds 35% without steatosis.
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