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Liver transplantation is now an established treatment for children with end-stage liver disease. Left lateral segment (LLS)
grafts are most commonly used in split and living donor liver transplantation in children. In very small children, LLS grafts
can be too large, and further nonanatomical reduction has recently been introduced to mitigate the problem of large-for-size
grafts. However, the implantation of LLS grafts can be a problem in infants and very small children because of the thickness
of the grafts, and these techniques do not address problems related to thickness. We herein describe a technique for reduc-
ing the thickness of living donor left lateral grafts and successful transplantation in a 2.8-kg infant with acute liver failure.
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The lack of size-matched pediatric liver grafts has
led to the development of reduced, split, and living
donor liver transplantation. These techniques have
expanded the potential donor pool and decreased
waiting-list mortality for children.1 Transplantation in
children who weigh less than 5 kg remains a problem
because the left lateral segment (LLS) from an adult
may be too large when the graft-to-recipient weight ra-
tio is greater than 4.0% and thus may result in a
large-for-size graft and its associated morbidity.2

Further reduced LLS grafts that can be transplanted
safely without compromise to patient survival have
been introduced for these children to mitigate the
problem of large-for-size grafts.3 In very small chil-
dren (neonates) who have no portal hypertension,
hepatomegaly, or ascites, the abdominal cavity may
be small, and the anteroposterior thickness of the
graft remains a problem.4,5 Abdominal closure may

require a temporary Silastic mesh, and this is associ-
ated with complications. We have developed a modi-
fied LLS reduction by which the thickness of the graft
is addressed and transplantation is allowed in very
small infants. The clinical study protocol was
approved by the institutional review committee.

CASE PRESENTATION

A 23-day-old Asian girl weighing 2.8 kg who presented
with deteriorated liver function was admitted to our
hospital. The laboratory study showed a total biliru-
bin level of 22.7 mg/dL, a prothrombin time/interna-
tional normalized ratio of 10.0, an alanine amino-
transferase level of 500 U/L, and a serum ammonia
level of 217 lmol/L. The investigations for infectious
and inherited metabolic pathogenesis were all nega-
tive. The patient was diagnosed with neonatal acute

Abbreviations: LHV, left hepatic vein; LLS, left lateral segment; LPV, left portal vein; MHV, middle hepatic vein; P2, segment II por-
tal vein; P3, segment III portal vein; PV, portal vein; RHV, right hepatic vein; RPV, right portal vein.
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liver failure of an unknown etiology. The patient,
whose liver function had deteriorated despite medical
treatment, underwent living donor liver transplanta-
tion at the age of 1 month.

The donor was her 31-year-old father, whose blood
type was identical. The estimated weight of the LLS
according to preoperative computed tomography volu-
metry was 374 g. This was an extremely large-for-size
graft for the child with a graft-to-recipient weight ratio
greater than 13%. Hyper-reduction of the LLS graft to
remove most of segment II alone seemed inadequate.
There was a major anteroposterior size discrepancy
between the recipient’s abdominal cavity at its maxi-
mum (45.6 mm) and the LLS graft of the donor (64.7
mm) according to the preoperative computed tomogra-
phy evaluation. Therefore, the decision was made to fur-
ther reduce the anteroposterior thickness of the graft.

In the donor operation, after the isolation of the
donor’s left hepatic artery and left portal vein (LPV),
the hepatic parenchyma was transected 3 mm to the
right of the falciform ligament, just as in any standard
donor hepatectomy for children (step 1, Fig. 1). The
LLS was first reduced by the removal of the lateral
aspect of segment II, and care was taken to preserve
the segment III branch of the left hepatic vein (LHV;

step 2, Fig. 1).2,3,4,6 A further reduction of the LLS to
reduce the graft thickness was also performed in situ.
This technique involved the removal of the anterior
part of the reduced LLS (mainly the anterior surface
of segment III; step 3, Fig. 2). The transection line for
this was located horizontally on the level of the seg-
ment III branch of the portal vein (PV). This transec-
tion line could preserve the drainage vein of the graft,
which drained into the inferior vena cava between the
segment II and III branches of the PV. This had the
potential to reduce the thickness of the LLS graft by
more than 40%. The modified-reduced LLS graft
weighed 90 g with a thickness of 2.5 cm and with a
graft-to-recipient weight ratio of 3.21% (Fig. 3). The
graft was successfully implanted with no major bleed-
ing from the cut surfaces, and primary abdominal clo-
sure was achieved. The donor operative time and
blood loss were 358 minutes and 50 mL, respectively.

Figure 1. Schema of the cutting lines for left lateral
segmentectomy (step 1) and the transection line of the lateral
part of the LLS (step 2).

Figure 2. The transection line of the thickness was located
horizontally on the level of P3 to thin the graft (step 3).

Figure 3. (A) The technique involved the removal of the anterior
part of the reduced LLS. This transection line could preserve the
drainage vein of the graft, which drained into the inferior vena
cava between the segment II and III branches of the PV. This had
the potential to reduce the thickness of the LLS graft by more
than 40%. (B) The reduced LLS graft weighed 90 g with a
thickness of 2.5 cm, so the graft-to-recipient weight ratio was
3.21%.
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The results of the blood tests performed on days 1
and day 7 for the recipient were as follows: 848 and
57 IU/L for aspartate aminotransferase, 418 and 57
IU/L for alanine aminotransferase, 3.16 and 1.81
mg/dL for total bilirubin, and 3.0 and 1.17 for the
prothrombin time/international normalized ratio.
The baby was discharged on postoperative day 50.
The transplant recipient was doing well with good
graft function at the outpatient clinic 3 years after
transplantation.

DISCUSSION

Over the past 2 decades, long-term survival has
improved significantly for pediatric liver transplant
recipients.5 The disadvantages of using large-for-size
grafts include graft compression, the use of Silastic
mesh to close the abdomen and associated infections,
splinting of the diaphragm, and delayed extubation,
all of which contribute to poor outcomes.7 These com-
plications are amplified by the small recipient size
and often associated malnutrition in a patient popula-
tion that already presents a technical challenge and
postoperative complexity.8 To relieve the problem of
large-for-size grafts in small babies, reduced LLS
grafts have been introduced.2,3,4,6 In addition, the size
and shape of the LLS of the donor should be taken
into consideration. Some LLSs are short and thick,
whereas others are thin and long. The second kind
poses less of a problem because a further reduction of
part of segment II alone may be adequate. However,
with short and thick LLSs, the removal of segment II
alone is inadequate because the thickness of the graft
is the main problem. The technique described herein
should be considered for recipients with neonatal/in-
fantile acute liver failure and for children weighing
less than 5 kg.

Tailoring the graft size and especially reducing the
thickness of the graft might be important for small
infants with end-stage liver disease. Although steps 2
and 3 of the procedure presented in this article could
be done ex situ to protect the donor from the risk of
bleeding and possible air embolisms, prolonged cold
ischemia times and rewarming of the graft during
back-table surgery have been found to be associated
with increased susceptibility to ischemic/reperfusion
injury in ex situ split liver transplantation, and it
might be postulated that these factors contribute to a

higher incidence of graft dysfunction.9 The procedure
is associated with a much higher rate of biliary fistu-
las, and meticulous surgical technique and pre/
intraoperative anatomical evaluations with cholan-
giography/echography are recommended to prevent
compromises to donor and recipient safety. By limit-
ing adhesions in unexpected relaparotomy during fol-
low-up, the use of hemostatic fleeces to protect the
cutting edges might be effective.

The modified-reduced LLS has the potential to allow
these children to undergo transplantation safely with-
out the associated complications of large-for-size
grafts. Although long-term observation should be nec-
essary to establish this technical modification, we
hope that increasing experience with the technique
and refinements will lead to improved outcomes in
liver transplantation for small babies.
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