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Pediatric liver transplantation with hyperreduced
left lateral segment graft
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Backgrounds/Aims: To prevent large-for-size graft-related complications in small infant patients, the size of a left lateral
segment (LLS) graft can be reduced to be a hyperreduced LLS (HRLLS) graft. Methods: This study was intended
to describe the detailed techniques for harvesting and implanting HRLLS grafts developed in a high-volume liver trans-
plantation (LT) center. Results: The mean recipient age was 4.0+1.7 months (range: 3-6) and body weight was 5.3+1.4
kg (range: 4.1-6.9). Primary diagnoses of the recipients were progressive familial intrahepatic cholestasis in 2 and
biliary atresia in 1. The types of LT were living donor LT in 1 and split deceased donor LT in 2. Non-anatomical
size reduction was performed to the transected LLS grafts. The mean weight of the HRLLS grafts was 191.7+62.1
g (range: 120-230) and graft-recipient weight ratio was 3.75+1.57% (range: 2.45-5.49). Widening venoplasty was ap-
plied to the graft left hepatic vein outflow orifice. Vein homograft interposition was used in a case with portal vein
hypoplasia. Types of the abdomen wound closure were one case of primary repair, one of two-staged closure with
a mesh, and one of three-staged repair with a silo and a mesh. All three patients recovered uneventfully from the
LT operation and are doing well to date for more than 6 years after transplantation. Conclusions: Making a HRLLS
graft through non-anatomical resection during living donor LT and split deceased donor LT can be a useful option
for treating small infant patients. (Ann Hepatobiliary Pancreat Surg 2020;24:503-512)
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INTRODUCTION

In liver transplantation (LT) for small infant patients,
graft size matching to the recipient’s abdomen is critically
important because implantation of a large-for-size graft
hinders primary closure of the abdomen and can induce
various vascular complica‘[ions.l’2 To make a left lateral
segment (LLS) graft as small as possible, a LLS can be
reduced to be a monosegment or hyperreduced LLS
(HRLLS) graft."* Anatomical resection of the segment II
or III makes a segment III or II monosegment graft, but
it is technically demanding and thorough evaluation of the
intrahepatic vascular and biliary anatomy is the prere-
quisite.” In contrast, HRLLS grafts are produced by non-

anatomical resection of the peripheral liver parenchyma

and its feasibility is higher than that of monosegment
grafts.

Living donor liver transplantation (LDLT) has been es-
tablished as the common type of LT, and the number of
donor candidates enabling split LT is also increasing in
Korea, but the annual number of pediatric LT cases has
been stationary for the last 10 years.9 The demand for LT
in small infants has been persistently present, but the
number of LT using monosegment or HRLLS grafts is
very limited in Korea to the best of our knowledge.
Therefore, this study was intended to describe the detailed
techniques for harvesting and implanting HRLLS grafts
developed in a high-volume LT center carrying out LDLT

and deceased donor LT.
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MATERIALS AND METHODS

Patients

This study was a retrospective analysis of pediatric LT
using a HRLLS graft. We searched the institutional data-
base of LT from January 2013 to December 2014, and
found three cases of HRLLS graft implantation that could
provide intraoperatively taken photographs showing the
detailed surgical procedures. The purpose of this study
was to present the detailed techniques for harvesting and
implanting HRLLS grafts. The study protocol was ap-
proved by the institutional review board of the Asan
Medical Center, which waived the requirement for in-
formed consent because of the retrospective nature of this
study (IRB No. 2020-0836).

Selection of donor for harvest of a HRLLS graft
The shape of the donor LLS is important for deciding
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whether to perform non-anatomical size reduction. If the
LLS appears to be like a flat fish, it is easy and effective
to perform non-anatomical resection. In contrast, it ap-
pears similar to a puffy fish, it is not indicated for non-
anatomical resection because we cannot effectively reduce
the graft thickness (Fig. 1).

The target of graft size reduction is to make the esti-
mated graft-recipient weight ratio (GRWR) less than 4%.
Considering that the size reduction rate following non-
anatomical resection is usually less than 50%, the donors
with LLS volume comparable to 4-8% of GRWR on com-
puted tomography (CT) volumetry are theoretically in-
dicated for size reduction. The graft thickness-to-antero-
posterior diameter in the recipient’s abdominal cavity ratio
should be taken into account.’ If this ratio of thickness
is less than 1.0, the donors are also indicated for size
reduction. If the GRWR is less than 4% and thickness ra-

tio is less than 1.0, such LLS grafts may not require size

Fig. 1. Computed tomography
scans showing the left lateral
segment appearing to be a flat
fish (A) and puffy fish (B).

A-P diameter of
recipient abdomen

Fig. 2. Computed tomography
scans showing the graft thick-
ness-to-anteroposterior diameter
in the recipient’s abdominal ca-
vity ratio.
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reduction (Fig. 2).

Surgical techniques for harvesting and

implanting a HRLLS graft

The surface marking is made along the falciform liga-
ment to split a usual LLS graft, and then additional mark-
ings are made transversely at the ventral part of the seg-
ment III and vertically at the lateral part of the segment
I. First, the liver is transected to make a LLS graft.
Thereafter, the parenchymal transection continues along
the additional marking lines. The transection plane should
be perpendicular to the intrahepatic glissonian branches in
order to prevent unnecessary ischemia (Fig. 3). In LDLT,
the HRLLS is recovered along the pace of recipient
operation. In split LT, the HRLLS graft can be recovered
in advance before the harvesting of other organs as in
LDLT. This method is usually adopted if the pediatric and
adult recipients are cared for in different hospitals. If the
two recipients of the split liver grafts are cared for in the
same hospital, whole liver harvesting after in situ splitting

is preferred, because complete separation of two split liver

grafts at the back table is more convenient and safe.

The left hepatic vein orifice of the HRLLS graft is of-
ten small, thus patch venoplasty is often used to enlarge
the orifice. The three hepatic vein orifices at the recipi-
ent’s inferior vena cava (IVC) was opened to make a large
orifice, which should be much larger than the diameter
of the recipient’s IVC. If the recipient’s native portal vein
appears normal, a branch patch can be used for portal vein
reconstruction. If the portal vein appears hypoplastic, we
preferentially use interposition of an external iliac vein
homograft.ll Since the diameter of the left hepatic artery
in a HRLLS graft is often very small, we always perform
arterial reconstruction under surgical microscopy. The na-
tive bile duct of the infants is very small, so hep-

aticojejunostomy should be used.

RESULTS

Patient profiles and clinical outcomes

The mean recipient age was 4.0+1.7 months (range:
3-6) and body weight was 5.3£1.4 kg (range: 4.1-6.9).
Primary diagnoses of the recipients were progressive fam-

ilial intrahepatic cholestasis (PFIC) in 2 and biliary atresia

Fig. 3. Illustration of the extent
of non-anatomic hepatic resec-
tion to make a hyperreduced
left lateral segment graft.

Fig. 4. Computed tomography
scans showing the graft thick-
ness (A)-to-anteroposterior dia-
meter in the recipient’s abdo-
minal cavity (B) ratio in Case
No. 1. The graft thickness ratio
was 0.89.



506 Ann Hepatobiliary Pancreat Surg Vol. 24, No. 4, November 2020

in 1. The types of LT were LDLT in 1 and split deceased
donor LT in 2. The mean weight of the HRLLS grafts
was 191.7+62.1 g (range: 120-230) and graft-recipient
weight ratio (GRWR) was 3.75+1.57% (range: 2.45-5.49).
Types of the abdominal wound closure were one case of
primary repair, one of two-staged closure with a mesh,
and one of three-staged repair with a silo and a mesh. All
three patients recovered uneventfully from the LT oper-
ation and are doing well to date for more than 6 years

after transplantation.

Detailed case presentation
Case No. 1: The patient was a 3-month-old 4.9 kg-

weighing female infant with suspected PFIC type 2. She

www.ahbps.org

was born at 36 weeks through urgent cesarean section be-
cause of oligohydramnios. Jaundice developed soon after
birth and progressed gradually with hepatomegaly (Fig.
4A). The general condition of this patient deteriorated rap-
idly, so LDLT was planned. The living donor was her
mother’s sister, who was 29 years old. The whole LLS
volume was measured to be 250 ml. The graft thickness
ratio was 0.89 (Fig. 4B).

Recipient hepatectomy was performed according to the
standard procedure of pediatric LDLT, and the size of the
native liver was measured (Fig. 5). Donor surgery was
performed through an upper midline incision. The left
hepatic artery and portal vein were isolated and hepatic

parenchyma was transected according to the standard pro-

Fig. 5. Intraoperative photo-
graphs showing the size of
abdomen (A) and native liver
(B) in Case No. 1.

Fig. 6. Intraoperative photographs showing the surgical procedures for making a hyperreduced left lateral segment graft in Case
No. 1. (A) The left hepatic artery and portal vein were isolated and hepatic parenchyma was transected. (B and C) The size
of the left lateral segment graft was measured with a paper ruler. (D) Test parenchymal clamping was attempted. (E) The lines
for size reduction were drawn on the liver surface. (F and G) The peripheral parts of the segment II and III were resected.
(H) Some liver parenchyma was resected from the graft.



Jung-Man Namgoong, et al. Hyperreduced left lateral segment graft for infants 507

cedure of LLS harvest. Thereafter, the size of the LLS
graft was measured with a paper ruler. Considering the
size of the recipient’s native liver, the lines for size reduc-
tion were drawn on the liver surface. The peripheral parts
of the segment II and III were resected with a Cavitron
ultrasonic aspirator (CUSA). The resected liver fragments
from the segment II and III weighed 70 g and 25 g, re-
spectively (Fig. 6).

The HRLLS graft was harvested and its weight was
120 g, making a GRWR of 2.45%. Graft implantation was
performed according to the standard procedure of LDLT

IllIll||ll|ll“llllIlllI|||III||ll|lll|||1ll|||II|I||||I'II|IIlIII||Ill|IIII||lll|lI|IIIIII|Iil||II|I|IIII|IHI|IIII|IIIIIIIIIII

using a LLS graft. Reconstruction was done in the order
of hepatic vein, portal vein, hepatic artery and Roux-en-Y
hepaticojejunostomy. The posttransplant recovery was un-
eventful except for production of ascites for a prolonged
period (Fig. 7). This patient was discharged at 47 days
after transplantation. Currently, she has been doing well

for more than 7 years after transplantation.

Case No. 2: The patient was a 3-month-old 4.1 kg-
weighing female infant clinically diagnosed with PFIC.

She was born in full-term spontaneous delivery. Soon af-

Fig. 7. Computed tomography
scan taken four days after
transplantation in the Case No.
1. The configurations of the
graft left hepatic vein (A and
B) and portal vein (C and D)
reconstruction were smoothly
streamlined.

Fig. 8. Computed tomography
of the recipient at the age of 2
months (A) and gross photo-
@ graph of the resected recipient’s
il liver (B) in Case No. 2.
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ter birth, jaundice developed and then hepatomegaly and
splenomegaly progressed (Fig. 8). Her general condition
and liver function deteriorated progressively, so she was
enrolled to the waiting list with the Korean Network for
Organ Sharing (KONOS) status 1. The deceased donor
was a 20-year-old female with body weight of 64 kg.
After laparotomy, the size of the LLS graft was evaluated
by manual palpation. The surface marking was made
along the falciform ligament to split a usual LLS graft,
and then additional markings were made for size
reduction. The liver was split into a right trisegment graft
and a LLS graft, and then hepatic resection for size reduc-
tion was performed. The weight of the HRLLS graft was
225 g, making a GRWR of 5.49%. The orifice of the graft
left hepatic vein appeared similar to a figure of 8, so uni-
fication venoplasty was performed after septotomy and
excision of the intervening hepatic parenchyma (Fig. 9).

Recipient hepatectomy was performed according to the
standard procedure for pediatric LDLT. Graft implantation
was performed according to the standard procedure of
LLS implantation. Reconstruction was done in the order

of hepatic vein, portal vein, hepatic artery and Roux-en-Y

www.ahbps.org

hepaticojejunostomy. The graft was too large to allow pri-
mary abdominal wound closure, thus a staged closure was
done by means of a temporary coverage with a silo using
a prosthetic sheet, a temporary abdominal wall closure
with Permacol patch (porcine dermal collagen implant,
Medtronic, USA), and a final primary closure at 13 days
after transplantation. She recovered slowly (Fig. 10) and
was discharged at 68 days after transplantation. Currently,

she has been doing well for 6 years after transplantation.

Case No. 3: The patient was a 6-month-old 6.9 kg-
weighing female infant with biliary atresia. She was born
in full-term delivery through a cesarean section. She un-
derwent Kasai portoenterostomy at 1 month of age. Her
general condition and liver function deteriorated pro-
gressively, so she was enrolled on the KONOS waiting
list for split LT (Fig. 11).

The deceased donor was a 32-year-old 78 kg-weight
male. In situ splitting and size reduction was performed
according to the abovementioned methods. The HRLLS
graft weighed 230 gm, thus making a GRWR of 3.33%.

Graft implantation was performed according to the stand-

Fig. 9. Intraoperative photographs showing the surgical procedures for making a split hyperreduced left lateral segment graft
in Case No. 2. (A) The lines for liver splitting and size reduction were drawn on the liver surface. (B) The liver was split
and size was also reduced. (C) The whole split liver was harvested. (D) An unification venoplasty was performed after septotomy
and excision of the intervening hepatic parenchyma. (E) The hyperreduced liver graft was implanted. (F) The protruded liver
graft was covered by a silo.
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ard procedures of LLS implantation. Since there was por-

tal vein hypoplasia, the donor’s external iliac vein seg-
ment was used for interposition graft. Graft reconstruction
was done in the order of hepatic vein, portal vein, hepatic
artery and Roux-en-Y hepaticojejunostomy. The abdomi-
nal wound was temporarily closed with a Permacol patch
because the graft was too large to be accommodated with-
in the abdomen (Fig. 12). At 7 days, the abdomen wound
was primarily closed. The posttransplant recovery was un-
eventful (Fig. 13) and this patient was discharged at 40
days after transplantation. Currently, she has been doing

well for more than 7 years after transplantation.

Fig. 10. Computed tomography
scan taken 14 days after trans-
plantation in Case No. 2. The
abdominal wall was closed com-
pletely (A and B), and the graft
hepatic vein (C) and portal vein
(D) reconstructions were unevent-
ful.

Fig. 11. Computed tomography
of the recipient at the age of 5
months (A) and gross photo-
graph of the resected recipient’s
liver (B) in Case No. 3.

DISCUSSION

Experience with LT for small infant patients has been
accumulating worldwide, but it is still regarded as chal-
lenging because large-for-size graft-related problems are
big huddles for successful LT. The main problems of
large-for-size grafts include the risk of abdominal com-
partment syndrome caused by the recipient’s small ab-
dominal cavity, size discrepancies in vessel size, and in-
sufficient portal circulation and tissue oxygenationl’n'15
To solve these critical problems, it is necessary to reduce

the size of LLS grafts as much as possible, by making
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Fig. 12. Intraoperative photographs showing the surgical procedures for implantation of a split hyperreduced left lateral segment
graft in Case No. 3. (A and B) The reduced graft was harvested. (C) The recipient’s portal vein was hypoplastic. (D) Recipient
hepatectomy was performed. (E and F) The recipient’s portal vein was replaced with an external iliac vein homograft and portal
vein reconstruction was performed. (G and H) The reduced graft was implanted, but it was too large to be accommodated within
the abdomen, so the abdominal wound was temporarily closed with a xenograft patch.

a monosegment or hyperreduced LLS graft.

The target size in graft size reduction is to make the
estimated GRWR less than 4% for LT in infant patients.
Anatomically, a monosegment graft would be ideal for

making a very small liver graft with effective reduction

Fig. 13. Computed tomography
scan taken at 5 days after trans-
plantation in Case No. 3. The
abdominal wall was temporarily
closed with a thin patch (A and
B), and the graft hepatic vein
(A and B) and portal vein (C
and D) reconstructions were un-
eventful.

in graft thickness. However, it is more demanding to
make a monosegment graft than a HRLLS graft. It is es-
sential to assess the donor liver anatomy thoroughly to
make a monosegment graft, hence it is not usually prac-

tical to do that during split LT. In contrast, in situ
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non-anatomical resection used in making a HRLLS graft
is technically easier and more intuitive than is an anatomi-
cal monosegmentectomy.

The shape of a HRLLS graft is also important because
non-anatomical resection is not effective for reducing the
graft thickness.' The graft shape was evaluated using the
graft thickness-to-anteroposterior diameter in the recipi-
ent’s abdominal cavity ratio.'” If this ratio of thickness ex-
ceeds 1.0, the primary abdominal wall closure can induce
graft compression and abdominal compartment syndrome,
so temporary closure with a prosthetic mesh should be
taken into account. However, it is more difficult to assess
the graft thickness during split LT than during LDLT be-
cause liver imaging studies are not always available. Both
patients who underwent split LT in this series failed to
achieve primary abdominal wound closure, because the
HRLLS grafts were still too large and too thick to fit
within the abdominal cavity directly.

Implantation of a large-for-size graft can induce various
vascular complications. The anastomosis site of the graft
hepatic vein would be compressed or twisted because of
the graft compression by the tight abdominal wall, which
can lead to hepatic vein outflow obstruction. To prevent
such detrimental effect of extrinsic compression to the
graft hepatic vein, customized unification venoplasty mak-
ing a common channel is helpful to facilitate outflow vein

. 16,17
drainage.

Since the amount of portal blood flow is
small in small infant patients, there is a potential risk of
portal hypoperfusion of the graft. Any anastomotic steno-
sis can interfere with the portal blood supply to the graft,
so branch patch of the recipient portal vein was used for
recipients with normal portal vein. If there is portal vein
hypoplasia, which is often observed in biliary atresia, in-
terposition of vein homograft is effective for preventing
anastomotic stenosis and portal hypoperfusion.''

The surgical technique for in situ size reduction to
make a HRLLS is the same for both living and deceased
donors, primarily because it is performed on non-anatomy
basis and surgeons’ experience-based intuition. A definite
demerit in HRLLS is that this technique is not effective
for reducing the graft thickness. Thus, prudent selection
of a suitable donor is important to compensate for such
a technical demerit.

If the liver graft is too large to be accommodated with-

in the abdominal cavity, staged closure methods should

be used to prevent abdominal compartment syndrome, as
is used in infants with gastoschisis.18 If the liver graft
bulges out prominently, coverage with a silo is necessary.
If the liver graft bulges out only slightly, a temporary clo-
sure with a mesh is reasonable. Sequential application of
these two procedures was applied to one infant in this
series.

The vein homografts used in this series were obtained
from the deceased donor directly or from the institutional
tissue bank of our institution and the Korea Public Tissue
Bank. All human tissues stored at the tissue bank were
donated after informed consent of donors’ family
members. All procedures for vascular tissue procurement
and processing were complied with Korean legislation and
conformed to the ethical and safety concerns for ther-
apeutic use."”’

In conclusion, making a HRLLS graft through non-ana-
tomical resection during LDLT and split LT can be a use-

ful option for treating small infant patients.
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