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Introduction

In countries where organ donation from deceased donors

is scarce, such as most Asian countries including Japan,

live donor liver transplantation (LDLT) remains the only

means of saving patients with end-stage liver disease. The

first case of LDLT was performed in Brazil, in December

1988 [1]. The procedure was chosen to circumvent the

serious problem of organ shortage among pediatric

patients. The first successful case was reported in Australia

[2]. Since then, LDLT has spread worldwide, particularly

in places where organ donation from deceased donors

remains uncommon. In Japan, due to the limited numbers

of decreased donor organ donation, LDLT is performed as

the mainstream treatment for end-stage liver disease. The

first pediatric case was performed in November 1989 and

the first successful adult-to-adult LDLT was performed in

1994 [3]. Over 400 cases of LDLT are now performed

annually in 51 centers in Japan [http://jlts.umin.ac.jp/

Registry(2004).pdf (Abstract in English)].

Although donor safety is recognized as an absolute pre-

requisite in LDLT, mortalities following donor surgery

have been reported. Between 1998 and 2003, two healthy

adult volunteers died shortly after donating a partial liver

graft in the United States [4]. One death in Japan was

also recently reported [5]. Currently, the mortality rate

among live liver donors in the United States is estimated

to be 0.2–0.5% [6].

There are a few detailed reports on donor selection cri-

teria and the medical workup process. More importantly,
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Summary

The lack of consensus on how to evaluate surgical complications of donors in

live donor liver transplantation (LDLT) and incoherence of cumulative data

hampers efficient comparison of the outcome worldwide. We considered that

the application of the internationally validated classification system introduced

by Clavien in 2004 might be beneficial. Operative complications of 243 patients

who underwent live donor hepatectomy for adult LDLT between January 1996

and October 2005 at the University of Tokyo were analyzed according to the

system. Definitions for each grade in the system are: grade I, deviation from

the normal postoperative course but without the need for therapy; grade II,

complication requiring pharmacologic treatment; grade III, complication with

the need for surgical, endoscopic or radiological intervention (IIIa/b: without/

with the need for general anesthesia); grade IV, life-threatening complication

requiring intensive care; grade V, death. Surgical morbidity was recognized in

67 donors (28%). No deaths occurred. The numbers of patients with complica-

tions were: grade I, 36 (15%); II, 10 (4%); IIIa, 12 (5%); IIIb, 9 (4%); IV, 0;

V, 0. Six in IIIb underwent surgical repair for bile leakage. Clavien’s system is

simple and informative. It may serve as a common tool for the quality assess-

ment in live liver donor surgery worldwide, and we propose its application

whenever surgical complication of live donor is discussed.
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the precise outcome of donor surgery in terms of surgical

morbidity and mortality is unclear. This may be due to

the current lack of consensus in the field on how to des-

cribe and grade surgical outcomes of live liver donors.

This shortcoming results in the incoherence of both the

act of reporting and the cumulative data reported, pre-

venting a simple comparison of outcomes among differ-

ent transplant centers worldwide which would further

improve the donor care.

The classification system of surgical complications

introduced by Clavien et al. in 1992 [7] was originally

intended for procedures with relatively low morbidity.

Since then, the classification system has undergone modi-

fications to better address the complications specific to

organ transplant recipients [8]. Ghobrial et al. [9] applied

the classification to describe the morbidity in a small

number of LDLT cases, both recipient and donor, and

suggested that it might serve as the basis to assess out-

come in the field. The classification system failed to gain

popularity, however, partly due to the lack of validation

in a large cohort of patients for its application in different

countries and cultures where definitions of negative out-

come vary significantly.

The modified version of the ‘Clavien classification’ pre-

sented in 2004 [10] has overcome this shortcoming. The

current system is based on the use of therapeutic conse-

quences, with a major emphasis on the risk and invasive-

ness of the therapy used to correct a complication, which

is the most readily available and objective information

regarding the postoperative course. Most importantly, its

simplicity and objectivity have been evaluated with a

cohort of over 6000 patients, and its acceptability and

reproducibility have been validated by an international

survey conducted in centers from each continent, in dif-

ferent cultural backgrounds, including surgeons at differ-

ent levels of training. Applying such an objectively

validated system for describing the outcome of live liver

donor surgery might facilitate international comparisons

beneficial for further improvement in donor care.

We herein present our selection criteria and surgical

outcome of live liver donor and describe the surgical

morbidity according to the modified Clavien classification

system for the consistent description of surgical complica-

tions.

Patients and methods

Selection of live liver donor for LDLT at the University

of Tokyo

Donation should be absolutely voluntary. Candidates

must be between 20 and 65 years of age and either ABO

blood type compatible or identical. Also, the potential

donor should be within three degrees of consanguinity, or

a spouse. Nondirected donation, the so-called ‘Good

Samaritan’ or ‘donor swap’ in cases of ABO blood type

incompatibility, is not accepted in any case. The majority

of the donors, 146 (60%), were males. The most common

familial relationship to the recipient recognized in the

donor population was a son in 69 cases (28%), followed

by a daughter in 36 cases (15%), wife in 30 cases (12%),

brother in 29 cases (12%), sister in 20 cases (8%), hus-

band in 17 cases (7%), father in 12 cases (5%), mother in

11 cases (5%) and nephew in 10 cases (4%). The mean

age of the donors was 37 years (17–66 years) and the

average body mass index was 22 [11–26].

The medical evaluation at our institution of live liver

donors has been described in detail elsewhere [27]. To

summarize, a computed tomography (CT) scan for pre-

liminary volumetry is obtained and estimation of the

available graft size is evaluated [28]. For the recipient,

the standard liver volume is calculated as previously des-

cribed using Urata’s equation: standard liver volume

(cm3) ¼ 706.2 · body surface area (m2) + 2.4 [29].

Appropriate graft type is determined according to the

algorithm previously described by Kokudo et al. [11].

Estimated graft volume must be <70% of total liver

volume of the donor and it should be at least 40% of the

recipient’s estimated standard liver volume, or at least

35% when the Model for End-Stage Liver Disease score is

15 or less [11]. Indocyanine green retention test is then

performed to confirm the hepatic reserve for major hepa-

tectomy [12]. When eligibility is confirmed by the above

preliminary evaluations, triple-phase abdominal CT scan

with contrast medium is then acquired to obtain a

three-dimensional reconstruction image of the vascular

anatomy of the liver. The digital data are further analyzed

to obtain the segmental volume drained by each tributary

of the middle hepatic veins and portal veins with virtual

hepatectomy simulation software (Hitachi Image Process-

ing System, Version 0.7a, Patent no. 283191; Hitachi Ltd.,

Tokyo, Japan) [13], using a region-growing technique

[14]. Graft type is determined according to the anatomi-

cal variations and the expected graft volume is estimated

by the simulation.

Liver biopsy is performed when a fatty liver is suspec-

ted but not routinely. When the donor age is 40 years or

older, additional cardiac evaluation and additional gastro-

intestinal workup are performed.

Surgical technique for LDLT

The surgical techniques for various types of donor opera-

tion have been described in detail previously [11,15–18].

In 83 (43%) cases, left lobe grafts were obtained, of which

78 (32%) were left hemi-liver graft with caudate lobe. In

the remaining 160 (66%) cases, right lobe grafts were
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obtained. Right hemi-liver graft without the middle hep-

atic vein was selected in 107 (44%) and right lateral sec-

tor graft was selected in 19 (8%). The mean graft size

procured was 551 g, which corresponded to an average of

48% of the total liver volume of the donor. The average

time for procurement, not including waiting time, was

8 h (range 4–12 h) with an estimated blood loss of

500 ml (range 100–1500 ml). The sum of intermittently

performed vascular occlusion procedure, Pringle’s maneu-

ver [19], during parenchymal transaction averaged

66 min. Autologous blood for transfusion was prepared

prior to surgery or by hemodilution immediately after the

induction of general anesthesia in most cases. No patients

required transfusion of packed red blood cells either

intra- or postoperatively.

Analysis and classification of surgical complications

Between January 1996 and October 2005, 348 cases of

LDLT were performed at the University of Tokyo.

Among them, 243 patients underwent live donor hepa-

tectomy for adult-to-adult LDLT. Clinical records of

these patients were retrospectively analyzed. The surgical

complications observed after live donor hepatectomy

were graded according to the classification system pro-

posed by Clavien and colleagues [10]. The system con-

sists of five major grades with subdivisions as

summarized in Table 1.

Results

Complications and grade according to Clavien’s classifi-

cation system are summarized in Table 2. Surgical mor-

bidity was recognized in 67 patients (28%) in this

series. No donor deaths occurred. In brief, 46 cases

(19%) were classified as grade I to II complications,

and 21 cases (9%) were classified as grade IIIa to IIIb

complications. Bile leakage, the most characteristic com-

plication in hepatectomy, occurred in 11 cases (5%), of

which six (2%) required surgical repair and were classi-

fied as grade IIIb. Three other cases required surgical

intervention under general anesthesia, two for intra-

abdominal abscess drainage and one for perforated

duodenal ulcer, all of which were also classified as

grade IIIb. Altogether, nine (4%) were classified as hav-

ing grade IIIb complications.

The typical abnormality in liver function tests encoun-

tered after donor hepatectomy was elevation of amino-

transferase levels 1 week after surgery, which resolved

spontaneously. In one case, however, the prothrombin

time was prolonged to 29% on postoperative day 1, and

Table 1. Classification of surgical complications by Clavien and col-

leagues [10].

Grade Definitions

I Any deviation from the normal postoperative course without

the need for pharmacologic treatment or surgical,

endoscopic, and radiological interventions

Allowed therapeutic regimens: use of drugs such as

antiemetics, antipyretics, analgesics, diuretics, electrolytes,

and physiotherapy

II Requiring pharmacologic treatment with drugs other than

such allowed for grade I complications. Blood transfusions

and total parenteral nutrition are also included

III Requiring surgical, endoscopic, or radiological intervention

a. Intervention not under general anesthesia

b. Intervention under general anesthesia

IV Life-threatening complication (including CNS complications)*

requiring IC/ICU management

a. Single organ dysfunction

b. Multi-organ dysfunction

V Death of a patient

CNS, central nervous system; IC, intermediate care; ICU, intensive care

unit; TIA, transient ischemic attacks.

*Brain hemorrhage, ischemic stroke, subarachnoidal bleeding, but

excluding TIA.

Table 2. Summary of operative morbidity following live donor hepa-

tectomy.

Grade according to Clavien’s

classification system

I II IIIa IIIb

Hepatectomy-related complications

Bile leakage* 1 4* 6

Abnormal liver function tests 10 1

Pleural effusion/ascites 2 5†

Hepatic vein thrombosis 1‡

Intra-abdominal abscess 2 2

Wound infection 1

General surgical complications

Psychiatric 3§

Fever 7 1

Pain 4 1–

Respiratory 1 2

Gastrointestinal 5 1 3** 1

Others 3

Total (%) 36 (15) 10 (4) 12 (5) 9 (4)

*Bile leakage requiring prolonged placement of drainage tube.

†Pleural effusion requiring thoracocentesis.

‡Partial hepatic thrombosis discovered by intraoperative ultrasound,

treated aggressively with anticoagulation postoperatively.

§Two cases of de novo episode of depression, and one case of delir-

ium immediately postsurgery.

–Wound pain requiring intercostal neural block.

**A case of gastric torsion requiring endoscopic repair, a case of

gastric ulcer bleed treated endoscopically, and a case of long tube

placement under fluoroscopy for paralytic ileus.
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fresh frozen plasma was transfused to secure hemostasis;

this case was classified as grade II. All five cases with

pleural effusion treated with thoracocentesis were classi-

fied as grade IIIa. Either a right hemi-liver or a right

lateral sector graft was procured in these five patients.

The procedure was performed under ultrasound guid-

ance by a surgeon, and there were no secondary compli-

cations such as uncontrollable bleeding or

pneumothorax.

Fever above 38 �C without apparent infectious cause

was noted in eight cases. In seven cases, the fever resolved

after a short duration of time without the use of antibiot-

ics or further intervention, and was classified as grade I.

In one case, however, antibiotics were administered pre-

emptively and therefore the case was classified as grade II.

Wound pain requiring an intercostal neural block was

also classified as grade II.

The two cases of respiratory complications classified as

grade II were a case of pneumonia treated with antibiot-

ics and a case of acute asthma attack. The event of

asthma attack took place in the recovery unit within few

hours following surgery and treated successfully with

immediate administration of intravenous aminophylline

and methylprednisolone. The patient was a 22-year-old

woman with a history of intermittent asthma since child-

hood. Her disease has been under control with oral the-

ophylline with the occasional use of inhaled short-acting

bronchodilator. Latest symptomatic exacerbation had

occurred 6 months prior to the surgery which resolved

with the use of inhaled bronchodilator and did not

require any clinic visit. Respiratory workups prior to sur-

gery including pulmonary function testing were within

normal limits. Her postoperative course after the event

remained uneventful.

Discussion

Our criteria for safe hepatic resection for malignant dis-

eases were previously described [12]. Over 1000 hepatic

resections have been performed for hepatocellular carci-

noma according to the criteria, with zero mortality at our

institution [20]. Based on this experience in hepatic resec-

tion for malignant disease, we developed surgical tech-

niques and an algorithm to achieve safe donor

hepatectomy [11]. Applying these experiences to carefully

selected candidates according to the criteria described

above, our series presented with a morbidity of 28%

without mortality.

Several transplant centers worldwide have reported

the morbidity of live donor hepatectomy for adult-to-

adult LDLT at their institutions [9,21–26,30–34]. These

reports ranged from 7 to 331 cases of live donor hepa-

tectomy per center, with morbidity ranging between 8%

and 67%. When limited to centers that reported more

than 50 cumulative cases, the rate of morbidity within

each series varied from 8% to 35% (Table 3). Because

medical evaluation protocols from various institutions

aimed at securing donor safety do not seem to differ

greatly [34–39], the varying outcomes concerning mor-

bidity following live donor hepatectomy suggest that

there is either incoherence in the data collection and

evaluation process, or significant differences in the tech-

nical aspects of live donor surgery and postoperative

care. Differences in the results between centers and the

need for uniform reporting have been noted [34–

36,40,41]. Various approaches have been used, including

the application of the previous Clavien classification

system with some modifications [9,34–36]. These

approaches, however, lack international validation and

the problems of incoherence and heterogeneity among

reports from different transplant centers worldwide

remain unsolved. Use of the modified version of the

‘Clavien classification’ presented in 2004 [10], which

has been validated by a large cohort and many medical

centers from different continents, has the potential to

overcome this issue. Any deviation from the cumulative

data according to the system may provoke questions as

to why and how such deviation occurred, providing

useful information to improve surgical care of live liver

donors, regardless of the region.

Conclusion

The classification system introduced by Clavien and col-

leagues in 2004 [10] is simple and informative. We

believe it could serve as a useful tool for the evaluation

Table 3. Summary of outcome of live liver donor surgery for adult

live donor liver transplantation.

Author (reference) Year City n

Morbidity

(%)

Lee et al. [25] 2002 Seoul, Korea 331 2*

Ito et al. [26] 2003 Kyoto, Japan 200 35

Fan et al. [31] 2003 Hong Kong, China 93 26

Tan et al. [32] 2003 Rochester, NY, USA 95 8

Malagoet al. [30] 2003 Essen, Germany 74 41

Shackleton et al. [34] 2005 Los Angeles, CA, USA 42 31

Bak et al. [22] 2001 Denver, CO, USA 41 17

Marcos et al. [21] 1999 Richmond, VA, USA 25 16

Ghobrial et al. [9] 2002 Los Angeles, CA, USA 20 20

Pomfret et al. [23] 2001 Boston, MA, USA 15 67

Beavers et al. [40] 2001 Chapel Hill, NC, USA 14 64

de Carlis et al. [33] 2003 Milan, Italy 7 43

*Only major morbidity such as postoperative bleeding requiring

re-exploration, biliary strictures, and portal vein stenosis or thrombosis

requiring invasive interventions were reported.
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and grading of donor morbidity enabling worldwide qual-

ity assessment in live liver donor surgery. Its use should

be considered whenever surgical complications of live

liver donor are discussed.
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