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Smaller-size infants undergoing living-donor liver transplantation (LDLT) are at increased risks of vascular complications
because of their smaller vascular structures in addition to vascular pedicles of insufficient length for reconstruction. Out of 585
child patients transplanted between June 1990 and March 2005, 64 (10%) weighing less than 6 kg underwent 65 LDLTs.
Median age and weight were 6.9 months (range: 1-16 months) and 5 kg (range: 2.8-5.9 kg), respectively. Forty-five lateral
segment, 12 monosegment, and 8 reduced monosegment grafts were adopted, and median graft-to-recipient weight ratio was
4.4% (range: 2.3-9.7). Outflow obstruction occurred in only 1 patient (1.5%). Portal vein complication occurred in 9 (14%)
including 5 with portal vein thrombosis. Hepatic artery thrombosis (HAT) occurred in 5 (7.7%). Patient and graft survivals were
73% and 72% at 1 yr, and 69% and 68% at 5 yr after LDLT, respectively. Thirteen of 22 grafts (58%) lost during the follow-up
period occurred within the first 3 months posttransplantation. Overall graft survival in patients with and without portal vein
complication was 67% and 65%, respectively (P = 0.54). Overall graft survival in patients with and without HAT was 40% and
67%, respectively. HAT significantly affected graft survival (P = 0.04). In conclusion, our surgical technique for smaller-size
recipients resulted in an acceptable rate of vascular complications. Overcoming early posttransplantation complications will

further improve outcomes in infantile LDLT. Liver Transpl 12:1224-1232, 2006. o 2006 AASLD.
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Liver transplantation (LT) is an established curative
therapy for children with end-stage chronic liver dis-
ease or acute liver failure. Outcomes following LT in
children have significantly improved over the past 2
decades, because of advances in surgical procedures,
preservation technology, immunosuppressive manage-
ment, and perioperative care.! Shortage of full-size
grafts from pediatric donors once produced high wait-
ing-list mortality in the pediatric population, especially
in children younger than 5 yr old, and prompted the
identification of alternative graft sources for pediatric
patients.?® To increase the supply of appropriate-sized
organs for pediatric recipients, the techniques of re-
duced, split, and living-donor liver transplantation
(LDLT) was developed. This technological innovation

expanded the potential donor pool, and led to a signif-
icant decrease in waiting-list mortality for children.*¢

Although LT in small infants provides similar results
as those in older groups.”-® it is more challenging tech-
nically because of the smaller vascular structures. Ad-
ditionally, pediatric LT from living donors faces prob-
lems of size mismatch of vessels between adult donors
and pediatric recipients, accompanied by technical dif-
ficulties arising from insufficient vascular pedicles for
reconstruction. More importantly, LDLT in infants is
often limited by the large-for-size graft, even when us-
ing a left-lateral segment graft. This is attributed to the
small size of the infantile abdominal cavity and insuffi-
cient blood supply to the graft.® Consequently, small
infants undergoing LDLT are indeed at increased risks

cava.

DOI 10.1002/1t.20800
Published online in Wiley InterScience (www.interscience.wiley.com).

Abbreviations: LT, liver transplantation; LDLT, living-donor liver transplantation; HAT, hepatic artery thrombosis; IVC, inferior vena

Address reprint requests to Yasumasa Shirouzu, M.D., Departments of Transplant Surgery, Kyoto University Hospital, 54 Kawara-cho, Shogoin,
Sakyo-ku, Kyoto 606-8507, Japan. Telephone: 81-75-751-4323; FAX: 81-75-751-4877; E-mail: yasumasa@indigo.plala.or.jp

© 2006 American Association for the Study of Liver Diseases.



LIVING-DONOR LIVER TRANSPLANTATION IN INFANTS 1225

TABLE 1. Demographic Data of Recipients and Grafts

Gender

Male 24 (37%)

Female 41 (63%)
Body weight (kg) 5(2.8-5.9)
Age (months) 6.9 (1-16)
Diagnosis

Biliary atresia 44 (68%)

FHF 7 (11%)

Tyrosinemia 4 (6%)

Cryptogenic cirrhosis 3 (5%)

Alagille syndrome 2 (3%)

Other* 5 (8%)
Graft weight (gm) 217.6 (105-365)
GRWR (%) 4.4 (2.3-9.7)
Graft type (segment)

II and III 45 (69%)

111 12 (19%)

Reduced III 8 (12%)
Blood combination

Identical 42 (65%)

Compatible 13 (20%)

Incompatible 10 (15%)

Abbreviations: FHF, fulminant hepatic failure; GRWR,

graft-to-recipient weight ratio.

*Hepatoblastoma n = 1), infantile hepatic
hemangioendothelioma (n = 1), congenital biliary dilation
(n = 1), congenital absence of the portal vein (n = 1) and
chronic rejection (n = 1).

of surgical complications such as vascular stricture or
thrombosis.

Acceptable results of LT in small infants have already
been reported.”® %' However, previous studies re-
ported that the incidence of vascular complications was
higher in smaller-size recipients.'?'® LDLT requires
high surgical skills in the reconstruction of the portal
and hepatic veins.'*'® Moreover, reconstruction of the
hepatic artery of a smaller caliber is considered to
present risks of hepatic artery thrombosis (HAT). 16

We present a retrospective analysis of our experience
with orthotopic LT from living donors in recipients
weighing less than 6 kg. Special attention was given to
analysis of the surgical pattern for vascular reconstruc-
tion, and to vascular complications in a series of 64
small infantile recipients.

PATIENTS AND METHODS
Patient Characteristics

Between June 1990 and March 2005, 585 children
(under 15 yr old) underwent 615 LDLTs at Kyoto Uni-
versity Hospital. Sixty-four of these patients (10%) were
less than 6 kg in weight at transplantation, and under-
went 65 LDLTs; this number included 1 patient who
weighed less than 6 kg at the first transplantation and
at a subsequent retransplantation for chronic rejection.
Demographic data for the recipients are listed in Table
1. These 64 patients were followed until June 2005,

with a median follow-up period of 6.3 yr (range: 0.5-
13.5 yr). Potential donors were evaluated by liver func-
tion tests, blood type, human leukocyte antigen typing,
anatomical variation, and graft size. All patients re-
ceived grafts from either their mother or father. The
left-lateral segment was used as the graft in principle
although monosegmental LDLT was introduced to our
institution in September 2000.'” Reduction of the left-
lateral segment graft was considered when a graft-to-
recipient weight ratio estimated by preoperative com-
puted tomography volumetry was as large as over 5%.
The actual employed grafts consisted of 45 lateral seg-
ments, 12 of monosegments, and 8 reduced monoseg-
ments.

Operation

The operative procedure has already been de-
scribed.'”-1®

Donor Hepatectomy

The plane of the liver resection was determined on the
basis of preoperative computed tomography volumetry
and anatomic analysis of the vascular structure of the
hepatic vein, portal vein, and hepatic artery using pre-
operative Doppler ultrasonography and computed to-
mography. An ultrasonic dissector and bipolar electri-
cal cautery were used for parenchymal transection
during donor left-lateral segmentectomy. If the occa-
sion arose, the left-lateral segments of the donors were
reduced to monosegment grafts by cutting between seg-
ments II and III, or reduced monosegment grafts were
obtained by further in situ resection of monosegments.
The choice of procedures was made according to the
graft-to-recipient weight ratio estimation. The graft liver
was removed after vascular clamping, followed by ex
vivo perfusion through the left portal vein. The perfus-
ate was either chilled in University of Wisconsin solu-
tion (ViaSpan; Bristol-Myers Squibb, New York, NY) or
in histidine-tryptophan-ketoglutarate solution (CUS-
TODIOL; Odyssey Pharmaceuticals, East Hanover, NJ).

Anastomosis of the Hepatic Vein

When possible, the hepatic veins on the graft were pre-
pared on the back table. The liver graft was implanted
in an orthotopic manner following total hepatectomy,
preserving the inferior vena cava (IVC) in the recipient.
Depending on the size and number of hepatic veins on
the graft and on the graft shape, either the cuff of the
native single hepatic vein, the single orifice reformed
from 2 or 3 hepatic veins, or the new orifice created on
the IVC was prepared in the recipient for a single re-
construction. When 2 independent reconstructions
were necessary, 2 separate orifices created from 3 he-
patic veins were prepared in the recipient. Types of
orifices prepared in the recipients for hepatic vein anas-
tomosis are shown in Figure 1. Type 1 represented a
new single orifice created by incision of the IVC wall
between the right hepatic vein and the common truncal
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Figure 1. Types of orifices prepared in recipients for hepatic
vein anastomosis. Type 1: a new single orifice created by the
incision of the IVC wall between the right hepatic vein and the
common truncal vein of the middle and left hepatic veins (n =
27); Type 2: a common truncal stump created by incising the
septum between the middle and left hepatic veins (n = 14);
Type 3: an orifice created using the native cuff of the right
hepatic vein (n = 10); Type 4: the dissected stump of the
suprahepatic IVC (n = 7); Type 5: an orifice created by divid-
ing the wall of the IVC between the right and middle hepatic
veins (n = 2); Type 6: an orifice created using the native cuff of
the middle hepatic vein (n = 1); Type 7: a new orifice created
on the front surface of the suprahepatic IVC (n = 1); and Type
8: 2 separate orifices using respective cuffs of the right he-
patic vein and the common truncal vein of the middle and left
hepatic veins (n = 3).

vein of the middle and left hepatic veins. Type 2 corre-
sponded to a common truncal stump created by incis-
ing the septum between the middle and left hepatic
veins. Type 3 involved the native cuff of the right hepatic
vein. Type 4 referred to the dissected stump of the
suprahepatic IVC. Type 5 was created from the right
and middle hepatic veins, dividing the wall of IVC be-
tween these 2 veins. Type 6 represented the native cuff
of the middle hepatic vein. Type 7 was a new orifice
created on the front surface of the suprahepatic IVC.
Type 8 corresponded to 2 separate orifices using re-
spective cuffs of the right hepatic vein and the common
truncal vein of the middle and left hepatic veins for 2
independent anastomoses. Hepatic vein anastomosis was
performed in an end-to-end or end-to-side fashion by
means of a running suture with 5-0 or 6-0 polypropylene
monofilament (Prolene; Ethicon, Somerville, NJ).

Anastomosis of the Portal Vein

Following hepatic venous reconstruction, the portal
vein was reconstructed using 5 different modalities
(Fig. 2). Type A involved standard end-to-end anasto-
mosis between the graft portal vein and the trunk of the
recipient’s portal vein. Type B corresponded to anasto-
mosis of the graft portal vein to the bifurcation of the
right and left branches of the recipient’s portal vein.
Type C involved direct suture of the graft portal vein to
the confluence of the superior mesenteric vein and the
splenic vein of the recipient. In Type D, the vein graft
was interposed between the graft portal vein and the

Type A: 19 (20%)  Type B: 15 (23%)  Type C: 2 (3%)  Type D: 20431%)

Type E- 8 (13%)

Figure 2. Reconstructive types for portal vein anastomosis.
Type A: standard end-to-end anastomosis between the graft
portal vein and the trunk of the recipient’s portal vein (n =
19); Type B: anastomosis of the graft portal vein to the bifur-
cation of the right and left branches of the recipient’s portal
vein (n = 15); Type C: direct suture of the graft portal vein to
the confluence of the superior mesenteric vein and the splenic
vein of the recipient (n = 2); Type D: interposing vein graft
between the graft portal vein and the confluence of the recip-
ient’s superior mesenteric vein and splenic vein (n = 20); and
Type E: suturing the graft portal vein to the orifice of the
recipient’s portal vein widened by patching the space on the
anterior wall incised in a Y-shaped fashion with the vein graft
(n = 8).

confluence of the recipient’s superior mesenteric vein
and splenic vein. The vein used as graft was usually
either the left ovarian vein from a maternal donor or the
inferior mesenteric vein from a paternal donor. Type E
involved suturing the graft portal vein to the orifice of
the recipient’s portal vein widened by patching the
space on the anterior wall incised in a Y-shaped fashion
with the vein graft. The vein used as for the patch was
either the donor's ovarian or inferior mesenteric vein, or
a part of the recipient’s own portal vein. Exceptionally,
portal venous flow was reconstructed between the graft
portal vein and the recipient’s superior mesenteric vein
in the case of a patient with congenital absence of the
portal vein, in which case the superior mesenteric vein
was connected directly with the azygous vein. The por-
tal vein was anastomosed using running and interrupt-
ing sutures with 6-0 or 7-O polypropylene monofila-
ment or polyglyconate absorbable monofilament
(Maxon; Davis and Geck Inc., Danbury, CT) without
using the growth factor technique. The graft was reper-
fused following completion of portal vein anastomosis.

Anastomosis of the Hepatic Artery

The hepatic artery was anastomosed under a surgical
microscope. A single or 2 independent arterial anasto-
moses were performed in an end-to-end fashion. Two
independent arterial anastomoses were performed
when there was no backward flow from the smaller
artery following reconstruction of the larger artery in
the graft with 2 separate arteries. Sites of the recipient’s
hepatic arteries prepared for reconstruction consisted
of the right hepatic, middle hepatic, left hepatic, proper
hepatic, common hepatic, gastroduodenal, left gastric,
and splenic arteries. End-to-end anastomosis was com-
pleted with interrupted sutures using 8-0 or 9-0
polypropylene monofilament.
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Immunosuppression

Immunosuppression was performed using tacrolimus
and low-dose steroids. The target whole-blood tacroli-
mus level was 10-12 ng/mL for the first 2 weeks, ap-
proximately 10 ng/mL for the next 2 weeks, and 5-10
ng/mL thereafter. Steroid treatment was initiated at the
time of graft reperfusion at a dose of 10 mg/kg, and
then tapered from 1 mg/kg per day to 0.3 mg/kg per
day during the first month.*®

Postoperative management and evaluation of
hepatic blood flow

Heparin or fresh-frozen plasma was used after LDLT to
maintain both prothrombin time and activated coagu-
lation time at around 15-20 seconds and 150-200 sec-
onds, respectively. In addition, dipyridamole (4 mg/kg/
day) was given orally instead of heparin from
postoperative day 8 onward, for 3 months. Blood flow in
the graft was strictly followed by Doppler ultrasonogra-
phy every day for the first week after surgery and as the
need arose after that. Patients suspected of having vas-
cular complications by Doppler ultrasonography with
or without computed tomography were confirmed by
angiography or surgery.

Outcome Parameters

Operational records of the 65 transplantations in the 64
patients of less than 6 kg of weight at transplantation
were reviewed, especially with regard to surgical patterns
for vascular reconstruction. Incidence of vascular compli-
cations was assessed as patient and graft survivals.

Statistics

Data are expressed as means * standard deviation. The
method of Kaplan-Meier was used to calculate actuarial
survival. Fisher’s exact and unpaired t-tests were used
for statistical analysis. P values less than 0.05 were
regarded as significant.

RESULTS
Hepatic Vein Reconstruction

A total of 62 transplantations (95%) were single anas-
tomosis, and the remaining 3 (5%) were 2 independent
anastomoses. The recipient’s orifice used for single
anastomosis consisted of 7 patterns (Fig. 1). Types 1
and 2 were used in 27 (41%) and 14 (21%) transplan-
tations, respectively, and were adopted as our standard
methods for hepatic vein reconstruction in infants who
had smaller hepatic veins and IVC. Type 3, which was
used prior to the introduction of the technique for graft
reduction, was used in 10 transplantations (16%) in the
earlier era. Use of the recipient’s right hepatic vein as
the anastomotic site allowed the graft to be placed in
the most comfortable position when the shape of the
harvested graft was flatter and longer. In 6 transplan-
tations (10%) in patients with no infrahepatic IVC, in-
cluding 1 patient with another patent IVC, Type 4 was

used to anastomose to the graft hepatic vein. Types 5
and 6 were used in 2 (3%) and 1 (2%) transplantations,
respectively; both involved anastomotic sites chosen
uncommonly in the earlier era to produce a more stable
outflow. In a case (2%) of retransplantation for chronic
rejection, Type 7 was used for the anastomotic site. Five
(8%) of 62 grafts with a single orifice had a single com-
mon anastomotic cuff reformed from 2 independent
veins using back table procedures, and the 57 others
(87%) involved a genuine single stump without major
plasty. Type 8 was used in 3 transplantations (5%) that
needed 2 independent outflow reconstructions.

Anastomotic diameter is restricted by the number
and the caliber of the stump of the hepatic vein on the
cut surface of the graft, and the recipient’s orifice is
then prepared adjusting by cutting or suturing the cor-
ner of the cuff. Accordingly, both Types 1 and 2, which
were our standard methods, allowed smaller recipients
to supply similar anastomotic calibers sufficient to ac-
cept the larger hepatic vein of the graft (20.0 * 3.4 mm,
and 19.5 = 3.9 mm, respectively, P = 0.70).

Incidence of Hepatic Vein Complications

Outflow obstruction developed in only 1 patient (1.5%).
The graft implanted in this patient had a single orifice
created from 2 adjacent veins, which drained segments
II and III into the middle hepatic vein. This patient’s new
anastomotic site on IVC was of Type 1, with an anasto-
motic caliber of 20 mm. This patient had a pulsatile
wave form on Doppler ultrasonography during hospital
stay for transplantation, and has repeatedly undergone
percutaneous balloon dilation for recurrent stenosis in
the 9 months since LDLT.

Portal Vein Reconstruction

Five different types of portal vein reconstructions were
used in the present study (Fig. 2). Type A was used in 19
transplantations (29%), Type B in 15 (23%), Type C in 2
(3%), Type D in 20 (31%), and Type E in 8 (13%). The
vein graft harvested for interposition was usually either
the ovarian vein from a maternal donor (n = 12) or the
inferior mesenteric vein from a paternal donor (n = 6).
In 1 case, the external iliac vein was used, and in another
the new conduit was produced by sewing together the
inferior mesenteric vein and the ovarian vein, divided into
2 equal parts and slit lengthwise, which was then anas-
tomosed to the new orifice of the recipient’s portal vein
widen by the patch technique using the vein graft. The
graft used as patch was from the ovarian vein (n = 2) or
the inferior mesenteric vein (n = 5) of the donor, or the
part of the recipient’s own portal vein (n = 1).

Incidence of Portal Vein Complications

Portal vein complications developed in 9 patients (14%).
The incidences of portal vein complications in each of
the reconstructive types are shown in Table 2. Although
Type A had the highest incidence, differences among
the 5 different types were not significant (P = 0.10). The
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TABLE 2. Portal Vein Complications Related to
Reconstructive Types

Number
Type n = 64) Complication
A 19 6 (32%)
B 15 1 (7%)
C 2 0 (0)
D 20 2 (10%)
E 8 0 (0)

NOTE: A case of congenital absence of the portal vein is
excluded from this list. The incidence of portal vein
complications did not significantly differ among groups (P =
0.10).

main clinical features of patients with portal vein compli-
cations are given in Table 3. Patients with portal vein
stenosis were all successfully treated by percutaneous
transhepatic balloon dilation, but those with portal vein
thrombosis showed poor responses to surgical and/or
interventional treatments. Although cases 3, 4, and 9 all
currently maintain their intrahepatic patent portal vein
with the help of cavernous transformation and stable liver
function, they all suffer from refractory ascites and/or
gastrointestinal bleeding caused by portal hypertension.

Hepatic Artery Reconstruction

Single arterial anastomosis without interposition graft
was performed in an end-to-end fashion in 61 of 65
transplantations. The sites of the recipient’s hepatic
arteries prepared for this reconstruction consisted of
the right hepatic (n = 21), left hepatic (n = 16), proper
hepatic (n = 15), common hepatic (n = 4), gastroduo-
denal (n = 2), left gastric (n = 1), middle hepatic (n = 1),
and splenic (n = 1) arteries. Arterial reconstruction
with the interposition graft was performed in just 1
transplantation because of poor quality of the native
hepatic artery. In this patient, hepatic arterial flow was
reconstructed by interposing her own superior rectal
artery between the graft hepatic artery and the recipi-
ent’s splenic artery. Three cases required 2 indepen-
dent arterial anastomoses to supply sufficient arterial
blood flow to the graft. Their 2 independent anastomotic
sites included left and middle hepatic arteries, left and
right hepatic arteries, and right hepatic artery and the
artery to segment III, respectively. Average diameters of
the stump of the graft and recipient’s arteries were 2.5 +
0.5 and 2.5 = 0.6 mm, respectively, and the average of
these caliber differences was 0.3 = 0.5 mm.

Incidence of Hepatic Artery Complications

HAT developed 2 to 6 days (mean 4.8 days) after LDLT
in 5 patients (7.7%). Their clinical features are shown in
Table 4. Both the diameter of the hepatic artery stump
and the caliber difference were not significantly differ-
ent between patients with and without HAT.

Impact of Vascular Complications on Survival

Overall graft survival rate was 65% (Fig. 3). Furthermore,
patient and graft survivals were 73% and 72% at 1 yr, and
69% and 68% at 5 years, respectively, after LDLT. A total
of 22 grafts were lost during the follow-up period in the
present series. The causes of the graft loss are shown in
Table 5. Eighteen of the 22 grafts (82%) were lost within
the first year posttransplantation, and 13 (58%) were lost
within the first 3 months posttransplantation when sur-
gical factors might have strongly affected the demise of
the implanted graft. None of these patients was able to
undergo retransplantations because of the meagerness of
the donor pool in Japan; just 1 patient was an exception.
This infant underwent the second LDLT for chronic rejec-
tion 5 months after the first LDLT for biliary atresia, but
died of refractory acute cellular rejection 2 months after
the retransplantation. Graft survival related to vascular
complications is shown in Figure 4. Graft survival in pa-
tients with and without portal vein complication was 67%
and 65%, respectively. Portal vein complications had no
impact on graft survival (P = 0.54). Graft survival in pa-
tients without HAT was 67%, while HAT lowered graft
survival to 40% (P = 0.04).

DISCUSSION

This retrospective study analyzed the technique of vas-
cular reconstruction, incidence of vascular complica-
tions, and graft survival in 64 infants weighing less
than 6 kg. There is no doubt that surgical innovations
have improved utilization of LT and overall survival in
children with end-stage liver disease. However, despite
these advances, vascular complications still remain a
serious cause of graft loss. These complications are
more frequently found in smaller-size recipients.!?-!3
LDLT is more challenging, particularly with regard to
insufficient vascular pedicles, compared to whole liver
implantation, and also is limited in respect to vascular
structure size mismatches between adults and infants.
In this series, we reviewed our experiences of LDLT in
smaller-size infants, focusing on the technique of vas-
cular reconstruction. Since the first LDLT at Kyoto Uni-
versity Hospital, the surgical technique in infantile
LDLT, especially in vascular reconstruction, has
evolved by trial and error. In hepatic vein reconstruc-
tion, we previously employed various anastomotic sites
on the recipient’s IVC to comfortably place the larger
graft; subsequently, our policy has changed from devis-
ing an anastomotic site to ensuring a wider orifice in
addition to fixing the reduced graft to the abdominal
wall. Our early strategy to reconstruct portal venous
flow was aimed at creating a sufficient caliber, in order
to anastomose and to prevent a kink of the recon-
structed portal tract. This strategy remains in place,
whether with or without vein graft. Our principle in
hepatic artery reconstruction has, from the early days
of this procedure, been to ensure the precise handling
of the needle under a surgical microscope.?°
Transplanting a reduced liver from a living donor
necessitates a technical device for achieving successful
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1230 SHIROUZU ET AL.

TABLE 4. Clinical Features of Patients with Hepatic Artery Thrombosis

2  Biliary atresia

Incompatible II and III

3 Biliary atresia Identical II and III
4  Biliary atresia Identical II and III
5 Biliary atresia Compatible II and III

the graft LHA and the
recipient RHA

3.9 Single anastomoses between
the graft LHA and the
recipient LHA

4.1 Single anastomoses between
the graft LHA and the
recipient MHA

3.6 Interposition graft between
the graft LHA and the
recipient splenic artery

4.7 Single anastomoses between
the graft LHA and the

Onset of HAT

ABO Graft type GRWR Hepatic artery (days after
Case Indication matching (segment) (%) reconstruction LDLT) Outcome
1 Biliary atresia Identical II and III 5.6 Single anastomoses between 5 Died after 9 days of

graft failure

5 Alive at 106 months

6 Alive at 103 months

2 Died after 18 days
of graft failure

6 Died after 10 days
of graft failure

recipient RHA

Abbreviations: GRWR, graft-to-recipient weight ratio;

HAT, hepatic artery thrombosis; LDLT, living-donor liver
transplantation; LHA, left hepatic artery; RHA, right hepatic artery; MHA, middle hepatic artery.

BO -

i1 51

40 4

Graft survival { %)

20 4

Yr posttransplantation

Figure 3. Overall graft survival.

outcomes for hepatic vein reconstruction.?! However,
the incidence of the hepatic vein complications is rela-
tively low, and Buell et al.?? has reported that it was 4%
in reduced-size or split, and 2% in living-related grafts.
Similarly, only 1 patient had a hepatic vein complica-
tion in the present small infantile series. Previous stud-
ies reported early outflow obstruction caused by graft
dislocation into the right subphrenic cavity.'®2? There
was no incidence of acute outflow obstruction in the
present series. This might be explained by the limited
space in an infantile abdominal cavity, which would not
allow an implanted graft to twist. Furthermore, fixing
the graft to the abdominal wall by using the falciform
and round ligaments was expected to contribute to re-
taining venous outflow and preventing a kink in the
hepatic vein. Nevertheless, late-onset outflow obstruc-

TABLE 5. Causes of Death
Number Timing of death

Causes n =22) posttransplantation
Sepsis 4 16, 18, 28, 41 days
Rejection 4 1, 2, 2, 6 months
Viral infection 3 6, 7, 68 months
Abdominal bleeding 2 9, 20 days
Recurrent disease* 2 3, 7 months
PTLD 1 2 months
GVHD 1 1 month
Portal vein thrombosis 1 10 days
Hepatitis B 1 16 months
Heart failure 1 53 months
Traffic accident 1 19 months
Choking 1 5 months
Abbreviations: PTLD, posttransplant lymphoproliferative
disease; GVHD, graft-versus-host disease.
*Recurrent disease: hepatoblastoma and fulminant hepatic
failure.

tion developed in 1 patient who underwent monoseg-
mental LDLT, with a venogram showing a funnel-
shaped stenosis, suggesting a stricture caused by
gradually increasing torsion of the hepatic vein follow-
ing regeneration of the graft.

The reported incidence of portal vein complications
varies from 1.2 to 16.5% in pediatric LT.'?'32% 1t is
reported that portal vein complications more frequently
develop in smaller-size recipients.'? '3 There are 2 ma-
jor problems in portal vein reconstruction in pediatric
LT. One is the quality of the recipient’s portal vein. The
vascular structure of a patient with biliary atresia is
often impaired by previous surgery and recurrent
cholangitis. Another problem is the differences between
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Figure 4. Graft survival related to vascular complications. (A) Graft survival in patients with and without portal vein compli-
cation (P = 0.54). (B) Graft survival in patients with and without hepatic artery thrombosis (HAT) (P = 0.04).

adults and the infants in the diameter of the portal vein.
We used 5 different methods for portal vein reconstruc-
tion to overcome these problems. When the recipient’s
portal vein was of good quality, either Type A or Type B
was chosen according to differences in diameter of the
portal vein between the graft and the recipient. When
the recipient’s portal vein was impaired, either Type C
or Type D was chosen according to the length of the
graft portal vein. Moreover, Type E was used to widen
the caliber when the recipient’s portal vein was smaller
than the graft portal vein. We experienced only 1 patient
with acute portal vein thrombosis under this criterion,
although Lin et al.?® reported 7 patients with acute
portal vein thromboses requiring immediate thrombec-
tomy in a group of 30 small infants. Abdominal closure
may result in insufficient portal flow caused by pres-
sure on the graft when the left-lateral segment graft is
too large for the pediatric recipient. Therefore, reduc-
tion of the left-lateral segment graft was expected to
mitigate this problem. Indeed, no early portal vein
thrombosis developed in patients who underwent
monosegmental LDLT. However, late-onset portal vein
complications developed in 8 patients. Venoplasty with
a graft patch to create a sufficient caliber for anastomo-
sis appeared to be a useful technique for smaller infan-
tile LDLT because no hazardous complications oc-
curred. Millis et al.?® reported that the use of a venous
conduit, particularly from cryopreserved vessels, re-
sulted in a significantly higher stenosis rate in pediatric
LDLT. Although we used only fresh venous conduits,
there was no significant difference in the incidence of
portal vein complications between patients with and
without the vein graft. This result may support the
usefulness of fresh vein grafts when venous extension
is preferably desired to obtain sufficient inflow. Per-
cutaneous transhepatic balloon dilation is a safe and
effective treatment of portal vein stenosis after
LDLT.?” However, this procedure resulted in failure
due to preclusion of access to the mesenteric vein
side by complete thrombotic occlusion in 3 of 4 pa-
tients with late-onset portal vein thrombosis. Long-
term periodical examination by Doppler ultrasonog-
raphy is mandatory for early detection of
perturbation of portal venous flow before completion

of thrombotic occlusion, even if the children are well
with satisfactory liver function tests.

HAT remains a significant cause of graft loss after
pediatric LT.'®2® However, the incidence of HAT has
steadily been lowered with technological advances. The
latest reported incidence ranges from 7 to 10% in large
pediatric liver transplant programs.'®2° Although
anastomoses of hepatic arteries with smaller caliber are
considered as risks for HAT,'® our microsurgical tech-
nique also produced acceptable results in smaller-size
recipients. Furthermore, simple end-to-end anastomo-
sis without an interposing graft appears to have con-
tributed to the low incidence of HAT in the present
study.'® However, HAT significantly affected graft sur-
vival, as it did in previous studies. 328

Reports focusing on vascular complications in infan-
tile not pediatric LDLT are less common. Noujaim et al.®
reported no incidences of hepatic vein complications,
but they reported 1 portal vein thrombosis (7%) and 1
HAT (7%) in 15 infants weighing less than 5 kg; al-
though most of these patients underwent LT under
highly urgent conditions. Van der Wert et al.®° reported
that incidences of portal vein thrombosis and HAT were
9.5 and 19%, respectively. The current series repre-
sents the largest experience from a single center in
infantile LDLT; however, it also includes a learning
curve. Several surgical factors might contribute to pre-
vention of vascular complications in smaller-size recip-
ients. Our review indicates the relevance of the follow-
ing suggestions: 1) even on smaller IVCs, undertake
venoplasty to ensure a sufficient outflow in addition to
fixing the graft to the abdominal wall; 2) do not hesitate
to trim the native portal vein if it is of low quality and to
employ a vein graft; and 3) if possible, complete hepatic
artery reconstruction with simple end-to-end anasto-
mosis without an interposing graft. Moreover, technical
refinements due to increasing operational experience
are indispensable for improving outcomes in the
smaller-size infant group.

Technical complications remain the most significant
factors contributing to graft loss after pediatric LT.?!* Most
deaths within the first 3 months posttransplantation are
more significantly related to surgical factors. Jain et al.>?
reported that 55.4% of 258 deaths in 808 pediatric recip-

LIVER TRANSPLANTATION.DOI 10.1002/1t. Published on behalf of the American Association for the Study of Liver Diseases

A5URDIT suOWwWo) aAnEa1) dqeatidde ay) £q PauIA0S aIe SAONIE YO SN JO SN 10§ AIRIqIT AUIUQ KI[IAL UO (SUOTIPUOI-PUR-SULI) WO K3[1M° KTeIqI[auI[uo//:sdny) SUONIPUO) PUE SWIAL, Ay} 39S *[$20Z/€0/9¢] U0 Areiqry auruQ Aip “ueder sueiyoo) £q 080T /2001 01/10p/wod Ko’ Kreiqraurjuosqndpisee//:sdny woiy papeo[umod ‘8 ‘900T ‘€LP9LTST



1232 SHIROUZU ET AL.

ients occurred within the first 3 months of the follow-up
period after LT. Similarly, in our infantile series 58% of
deaths in 22 patients occurred within the same period.
Deaths of 7 patients (4 with sepsis, 2 with abdominal
bleeding, and 1 with portal vein thrombosis) were un-
doubtedly attributable in some part to surgical factors.
Overcoming early complications would improve outcomes
in infantile LDLT.

In conclusion, smaller-size infants who undergo
LDLT require the implementation of unique devices to
connect their smaller vascular structures with the
larger vascular pedicles from adult donors. The sur-
gical technique we have developed has produced an
acceptable incidence of vascular complications. Over-
coming earlier posttransplantation complications is
expected to improve outcomes in infantile LDLT.
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