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Abstract

AIM: To study diagnostic laparoscopy as a tool for
excluding donors on the day of surgery in living donor
liver transplantation (LDLT).

METHODS: This study analyzed prospectively collected
data from all potential donors for LDLT. All of the do-
nors were subjected to a three-step donor evaluation
protocol at our institution. Step one consisted of a clini-
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cal and social evaluation, including a liver profile, hepa-
titis markers, a renal profile, a complete blood count,
and an abdominal ultrasound with Doppler. Step two
involved tests to exclude liver diseases and to evaluate
the donor’s serological status. This step also included a
radiological evaluation of the biliary anatomy and liver
vascular anatomy using magnetic resonance cholan-
giopancreatography and a computed tomography (CT)
angiogram, respectively. A CT volumetric study was
used to calculate the volume of the liver parenchyma.
Step three included an ultrasound-guided liver biopsy.
Between November 2002 and May 2009, sixty-nine
potential living donors were assessed by open explora-
tion prior to harvesting the planned part of the liver.
Between the end of May 2009 and October 2010, 30
potential living donors were assessed laparoscopically
to determine whether to proceed with the abdominal
incision to harvest part of the liver for donation.

RESULTS: Ninety-nine living donor liver transplants
were attempted at our center between November 2002
and October 2010. Twelve of these procedures were
aborted on the day of surgery (12.1%) due to donor
findings, and eighty-seven were completed (87.9%).
These 87 liver transplants were divided into the fol-
lowing groups: Group A, which included 65 transplants
that were performed between November 2002 and
May 2009, and Group B, which included 22 transplants
that were performed between the end of May 2009
and October 2010. The demographic data for the two
groups of donors were found to match; moreover, no
significant difference was observed between the two
groups of donors with respect to hospital stay, nar-
cotic and non-narcotic analgesia requirements or the
incidence of complications. Regarding the recipients,
our study clearly revealed that there was no significant
difference in either the incidence of different complica-
tions or the incidence of retransplantation between the
two groups. Day-of-surgery donor assessment for LDLT
procedures at our center has passed through two eras,
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open and laparoscopic. In the first era, sixty-nine LDLT
procedures were attempted between November 2002
and May 2009. Upon open exploration of the donors
on the day of surgery, sixty-five donors were found to
have livers with a grossly normal appearance. Four do-
nors out of 69 (5.7%) were rejected on the day of sur-
gery because their livers were grossly fatty and pale.
In the laparoscopic era, thirty LDLT procedures were
attempted between the end of May 2009 and October
2010. After the laparoscopic assessment on the day of
surgery, twenty-two transplantation procedures were
completed (73.4%), and eight were aborted (26.6%).
Our data showed that the levels of steatosis in the re-
jected donors were in the acceptable range. Moreover,
the results of the liver biopsies of rejected donors were
comparable between the group A and group B do-
nors. The laparoscopic assessment of donors presents
many advantages relative to the assessment of donors
through open exploration; in particular, the laparo-
scopic assessment causes less pain, requires a shorter
hospital stay and leads to far superior cosmetic results.

CONCLUSION: The laparoscopic assessment of do-
nors in LDLT is a safe and acceptable procedure that
avoids unnecessary large abdominal incisions and in-
creases the chance of achieving donor safety.

© 2012 Baishideng. All rights reserved.
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INTRODUCTION

Living donor liver transplantation (LDLT) has become
an acceptable option for patients in need of liver trans-
plantation who are not likely to receive a deceased organ
in a timely fashion'. The accurate pretransplant evalu-
ation of a potential live donor in LDLT' is a major pre-
requisite for preventing postoperative liver failure and
achieving donor safety. The appropriate selection of a
donor for LDLT is an important aspect of achieving
donor safety. In general, the utilization rate of potential
donors is 28.8%". The objective of this work is to pres-
ent our early experience with exclusion from donation
on the day of surgery in LDLT using a laparoscopic as-
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sessment technique.

MATERIALS AND METHODS

Sixty-nine potential living donors were assessed for 69
recipients (58 adults and 11 children) between November
2002 and May 2009 after passing all of the phases of do-
nor selection in our protocol. These patients were taken to

the operating room for potential donation without laparo-
scopic assessment. Between May 2009 and October 2010,
30 potential living donors were assessed for 30 recipients
(27 adults and 3 children); these patients were subjected to
laparoscopic assessment of their livers prior to proceeding
with the abdominal incision to harvest part of the liver for
donation. In this study, we did not consider patients to be
excluded if they were eliminated either in the preliminary
nurse coordinator consultation or during the 3 phases of
donor evaluation. The donor evaluation protocol in our
center proceeded as follows: after a preliminary nurse co-
ordinator consultation, donots with no contraindication
to donation and with an ABO-compatible blood group
were evaluated in three steps.

Step one of this evaluation included a clinical and
social evaluation. A liver profile, hepatitis marker as-
sessment, renal profile, complete blood count, and
abdominal ultrasound with Doppler were performed in
this step. Step two involved tests to exclude liver diseases
and to evaluate the donor’s serological status. In addition
to these examinations, step two also included an imag-
ing evaluation of the biliary anatomy and liver vascular
anatomy using magnetic resonance cholangiopancrea-
tography and a computed tomography (CT) angiogram,
respectively. A CT volumetric study was used to calculate
the volume of the liver parenchyma. We considered a
graft-to-recipient body weight ratio that was equal to or
greater than 0.8% to be a safe lower limit for adults, with
a maximum percentage of resection in the donor liver
of 60%-65%. Step three included an ultrasound-guided
liver biopsy, which is a mandatory part of the evaluation;
this process was performed under ultrasound guidance
and consisted of three tan-core biopsies. Results of 10%
or less fat infiltration were accepted if less than 50% of
the donor liver was planned for resection.

Step four was first introduced during May 2009 and
consisted of a laparoscopic assessment on the day of do-
nation under general endotracheal anesthesia that occurred
prior to opening the abdomen. Laparoscopic access to
the abdominal cavity for the placement of a 5 mm port
was attained using a Veress needle in the sub-umbilical re-
glon. A 30 degree laparoscope was used, and the liver was
explored for any gross pathologies. We examined at the
gross appearance, color, surface and edges of the liver.

Statistical analysis

Statistical analysis were performed with the SPSS software
package for Windows (Statistical Product and Service
Solutions, version 17.0, SSPS Inc, Chicago, 1L, United
States). Relevant arithmetic means, standard deviations,
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Table 1 The demographic data for donors of the two groups

Group A donors (7 = 65) Group B donors (7 = 22)

P value
Range Mean sD Range Mean SD
Age, yr 1842 233 6.3 18-40 27.1 515) 0.6
Weight, kg 46-86 647 10.1 51-93 66.8 11 0.38
Height, cm 140-190 166.5 8.4 152-186 1693 10 0.44
BMI, kg/ m’ 14289 235 34 17.4-284 233 34 0.88

BMI: Body mass index.

Table 2 The hospital stay and analgesia requirements for do-

nors in each group

Group A donors Group B donors

n =65 n=22 P value
Range Mean SD Range Mean SD
Hospital stay, d 47 49 11 46 48 06 075
No. of narcotic analgesia  3-10 6.3 21 2-8 5 15 042
doses per admission, doses
No. of non-narcotic 10-17 129 1.8 12-16 131 12 031

analgesia doses per
admission, doses

Table 3 Donor complications in the two groups 7 (%)

Group A donors Group B donors

=65 =22 P value
Minor biliary leak 3 (4.6) 1(4.5) 0.78
Wound seroma/hematoma 4(6.2) 1(4.5) 0.98
Wound infection 1(1.5) 0 0.56
Incisional hernia 1(1.5) 0 0.56
Ascites 1(1.5) 0 0.56

numbers and percentages were measured. Categorical pa-
rameters were compared using the chi-square test, whereas
numerical data were compared using the 7 test. A P value
< 0.05 was considered to be statistically significant.

RESULTS

Ninety-nine LDLT operations were attempted at our cen-
ter between November 2002 and October 2010. Twelve
of these procedures were aborted on the day of surgery
(12.1%) due to donor findings, and 87 transplants were
completed (87.9%).

These 87 liver transplants were divided into the fol-
lowing groups: Group A, which included 65 transplants
that were performed between November 2002 and May
2009, and Group B, which included 22 transplants that
were performed between the end of May 2009 and Oc-
tober 2010.

The group A donors consisted of 51 males and 14
females (78.5% and 21.5% respectively), and the group B
donors consisted of 15 males and 7 females (68.2% and
31.8 respectively) with a P value of 0.49 for the gender
distribution. The donors were also found to be matched
between groups with respect to other demographic data,
as indicated in Table 1.
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Table 4 The indications for liver transplantation in each

group of recipients 7 (%)

Group A recipients Group B recipients

= 65 =22 P value

HCV cirrhosis 29 (44.6) 10 (45.4) 0.95
HBV cirrhosis 11 (16.9) 3 (13.6) 0.98
HBV and HCV cirrhosis 1(1.5) 2(9) 0.32
HCC 14 (21.5) 8 (36.3) 0.27
Cryptogenic cirrhosis 8 (12.3) 2(9) 0.98
Wilson's disease 3 (4.6) 0 0.73
Hyperoxaluria 4(6.2) 0 0.55
Biliary atresia 0 2(9) 0.1

HCV: Hepatitis C virus; HCC: Hepatocellular carcinoma; HBV: Hepatitis
B virus.

Table 5 Incidence of complications and retransplantation in

each group of recipients 7 (%)

Group A recipients Group B recipients

= 65 =22 P value
Biliary complications 20 (30.7) 9 (40.9) 0.50
Hepatic artery thrombosis 3 (4.6) 1(4.5) 0.98
Portal vein thrombosis 4(6.2) 1(4.5) 0.78
Incisional hernia 3 (4.6) 2(9) 0.80
Small-for-size syndrome 3 (4.6) 1(4.5) 0.98
Primary non-function 1(1.5) 0 0.56
Retransplantation 7 (10.8) 0 0.29

No significant difference was observed between the
donor groups regarding either hospital stay or require-
ments for narcotic or non-narcotic analgesia, as pre-
sented in Table 2. Similarly, as presented in Table 3, no
significant difference was observed in the incidence of
complications between donor groups.

In group A, the recipients were 46 males and 19 fe-
males (70.8% and 29.2% of the recipients, respectively),
whereas in group B, the recipients were 15 males and 7
females (68.2% and 31.8% of the recipients, respective-
ly), with a P value of 0.82 for the gender distribution.

The group A recipients ranged in age between 1 and
63 years, with a mean of 40.8 + 19.4 years. The ages of
the recipients in group B ranged between 1 and 68 years,
with a mean of 47.6 * 22.2 years. There was a P value
of 0.3 between groups. Table 4 provides the indications
for liver transplantation in each group.

The recipients in group A had hospital stays ranging
from 10-104 d with a mean of 30.1 + 17 d. By contrast,
the recipients in group B had hospital stays of between
12 and 98 d, with a mean of 31.2 + 21.7 d (P = 0.75).
Table 5 addresses the morbidity of both groups by re-
porting the incidence of different complications, includ-
ing retransplantation. This table clearly indicates that
there were no significant differences between the groups
with respect to the incidence of different complications
of retransplantation.

Within the first 2 years after liver transplant, 15 recip-
ients died in group A compared with four deaths among
group B recipients (23.1% and 18.2%, respectively, of
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Table 6 Causes of graft-related deaths in both groups

Group A recipients Group B recipients

"= 65 n =22 P value
Total number of 13 8] 0.73
graft-related deaths
Cholestatic HCV 1 0 0.56
recurrence
HCC recurrence 2 0 0.99
Sepsis 3 1 0.99
Hepatic artery 2 0 0.99
thrombosis
Portal vein thrombosis 3 2 0.80
Small-for-size 1 0 0.56
syndrome

HCV: Hepatitis C virus; HCC: Hepatocellular carcinoma.

Table 7 The incidence of abnormal liver biopsy findings in

groups A and B 7 (%)

Group A donors  Group B donors

=65 =22 P value
Steatosis < 5% 18 (27.7) 5(22.7) 0.86
Steatosis 5%-10% 4(6.2) 2(9) 0.64
Steatosis 10%-15% 6(9.2) 0 0.32
Steatosis 15%-20% 1(3.1) 0 0.56
Fibrosis (stage 0-1) 1(1.5) 0 0.56

the recipients in each group; P = 0.85).

Two of the deaths in group A were non-graft-related
(one patient died from a pulmonary embolism, and the
other died from massive bleeding caused by colonic an-
giodysplasia), whereas only one patient died due to non-
graft-related causes in group B (cerebrovascular stroke).
Table 6 lists the different causes of graft-related mortali-
ties in the liver transplant recipients in both groups. This
table clearly demonstrates that there were no significant
differences between the groups with respect to either
the total number of graft-related deaths or the individual
causes of these graft-related deaths.

Day-of-surgery donor assessment procedures at our
center have been conducted by two methods, open and
laparoscopic, over two different periods of time (eras).
In the first era, 69 LDLT procedures were attempted
between November 2002 and May 2009. Upon the open
exploration of the donors on the day of surgery, 65
donors were found to have livers with a grossly normal
appearance, and 4 donors (2 males and 2 females) were
found to have pale, fatty livers. One donor was found
to have a pale and grossly steatotic liver, and we decided
to biopsy this liver. The biopsy of this liver revealed he-
patic steatosis of less than 10%, and we therefore opted
to complete the procedure; unfortunately, however, the
recipient of this graft developed primary non-function.
In the laparoscopic era, 30 procedures were attempted
between the end of May 2009 and October 2010. Twen-
ty-two procedures were completed (73.4%), and 8 were
rejected (26.6%) on the day of surgery after laparoscopic
assessment. Four of the rejected donors were males, and
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Figure 1 Diagnostic laparoscopy of potential live liver donor. A: Showing
pale, fatty liver with localized fat adjacent to the falciform ligament; B: Showing
grossly fibrotic appearance.

four were females. The rejected livers were found to be
pale and grossly fatty (Figure 1) with rounded borders
in seven cases (87.5%) and to have a grossly fibrotic ap-
pearance in the remaining case (12.5%).

The body mass index for the rejected donors ranged
from 20 kg/m’ to 28.4 kg/m” with a mean of 23.8 + 1.2
kg/m” All of the rejected donors had preoperative liver
biopsies, and only four of the patients demonstrated
any abnormalities. Three of the rejected donors (25%)
exhibited less than 5% steatosis, and one patient (8.3%)
demonstrated between 5% and 10% steatosis. These
data revealed that the rejected donors had steatosis in
the acceptable range. Moreover, the results of the liver
biopsies of rejected donors were comparable between
group A and group B donors. Table 7 reports the inci-
dence of abnormal liver biopsy findings in the donors

of both groups.

DISCUSSION

Donor safety is the most crucial aspect of LDLT pro-
grams. The aim of donor evaluation protocols is to
completely avoid donor mortality and minimize both the
incidence and degree of donor morbidity. Living liver
donation is associated with a small but real possibility of
mortality that may approach 0.5%". Ringe ¢ al” report-
ed 33 donor deaths and categorized them according to
different degrees of certainty. Clavien ¢z a/” defined five
grades of postoperative complications for the specific
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procedure of LDLI". Morbidity rates vary from 8% to
35% after right-lobe liver donation™" and from 9% to
40% following left or left lateral segment donation"".

Liver biopsy is a routine step in donor evaluation in
a high percentage of LDLT programs. Other methods
to evaluate the fat content of the donot’s liver are less
sensitive and specific than liver biopsy, and these alterna-
tives are unable to detect any associated liver pathology.
Unfortunately, liver biopsy is an invasive technique and
1s associated with a certain risk of complications. Recent
studies have reported an incidence of major complica-
tions related to liver biopsy of 1.3,

The risk of primary non-function after the transplan-
tation of a steatotic graft increases in proportion with
the degree of steatosis. Steatosis reduces the functional
hepatic mass for both the donor and the recipient, re-
duces the hepatic regenerative capacity and increases the
risk of injury caused by cold ischemia by altering the
cell membrane fluidity or disrupting the microcircula-
tion**), In our LDLT program, we accept up to 10%
steatosis for liver grafts.

In our institution, the rate of finding a grossly fatty
liver despite an acceptable liver biopsy result was ap-
proximately 5.7%. In one of the completed LDLT
procedures, the liver was grossly fatty and pale; despite
repeated liver biopsies that revealed an acceptable per-
centage of steatosis, the recipient’s post-transplantation
course was complicated by primary graft non-function.
This incident could indicate that relative to liver biopsy,
gross liver morphology may be a more sensitive method
of detecting fatty livers. Further randomized studies
should be conducted to clarify this point.

According to our small series of laparoscopic donor
assessments, this method proved to be both safe and
useful in detecting fatty livers by gross morphology. Lap-
aroscopic assessment provides many advantages over the
assessment of donors by open exploration; in particulat,
it causes less pain, requires a shorter hospital stay, and
achieves far superior cosmetic results.

The approximately 4- to 5-fold increase in the detec-
tion of gross liver steatosis using this method could be
related to differences in samples and could indicate more
sensitivity but not necessarily more specificity in detect-
ing steatotic livers. However, this statement must be con-
firmed in a prospective study. Donor safety is a critical
concern in LDLT, and laparoscopic donor assessment
proved to be a safe and useful adjunctive measure to
liver biopsy in the detection of steatotic livers. Further
study is required to confirm these results.

COMMENTS

Background

Donor safety is considered to be the most important concern for transplant
centers, health authorities and the general community. This consideration is
attributed to the ethical concerns that relate to the process of donation from a
perfectly healthy person who could suffer an adverse effect on his health follow-
ing donation. Because the first mission of medicine is to do no harm, the issue
of donor safety is extremely critical. Detailed and accurate pretransplant evalua-
tion of a potential donor of a portion of the liver for the sake of living donor liver
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transplantation (LDLT) is of paramount importance in ensuring donor safety and
graft quality, which will translate into better outcomes for both the donor and the
recipient.

Research frontiers

Unfortunately, donor pretransplant evaluation, including liver biopsy, cannot
absolutely ensure the adequacy of a potential donor, and further evaluation is
needed through inspection of the liver. This inspection can only be achieved by
exploration of the donor’s liver, which requires a large abdominal incision and
its inherent sequelae of cosmoses, healing, analgesia requirements, hospital
stay and return to work. The accomplishment of this exploration without the
requirement of a large incision would represent an improvement for donors.
Innovations and breakthroughs

The introduction of laparoscopy allowed for primary abdominal exploration
without the need for a large incision. This exploration enables an excellent as-
sessment of the donor’s liver, particularly for steatosis, which can be patchy
and therefore easily missed by liver biopsy.

Applications

The study results suggest that the laparoscopic assessment of donors for LDLT
is a safe and acceptable procedure. The procedure avoids an unnecessarily
large abdominal incision, allows for the more accurate assessment of the liver
and increases the chance of achieving donor safety.

Terminology

Liver transplantation refers to the replacement of a diseased liver with either an
entire healthy liver or a portion of a healthy liver. Living donor liver transplant is
the transplant of part of the liver from a healthy person (the donor) into the re-
cipient. Laparoscopy is the visualization of the abdominal cavity through a very
small incision using a specialized camera that transmits the images to a display
system (monitor).

Peer review

In this manuscript, the authors describe the utility of laparoscopic assessment
of donor livers on the day of transplantation surgery. Because steatosis may
be patchy and may be missed on a small core biopsy sample, the results show
that the gross examination of the liver by laparoscopic assessment may result
in the rejection of unacceptable donors on the day of surgery without subjecting
the donors to an open procedure.
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