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Selection of Living Donor Liver Grafts for
Patients Weighing 6kg or Less

Naoya Yamada,' Yukihiro Sanada,' Yuta Hirata,' Noriki Okada,' Taiichi Wakiya,' Yoshiyuki lhara,’
Atsushi Miki,? Yuji Kaneda,? Hideki Sasanuma,’ Taizen Urahashi,' Yasunaru Sakuma,?

Yoshikazu Yasuda,? and Koichi Mizuta'

'Department of Transplant Surgery, 2Department of Surgery, Jichi Medical University, Tochigi, Japan

In the field of pediatric living donor liver transplantation (LDLT), physicians sometimes must reduce the volume of left lateral
segment (LLS) grafts to prevent large-for-size syndrome. There are 2 established methods for decreasing the size of an
LLS graft: the use of a segment 2 (S2) monosegment graft and the use of a reduced LLS graft. However, no procedure for
selecting the proper graft type has been established. In this study, we conducted a retrospective investigation of LDLT and
examined the strategy of graft selection for patients weighing <6 kg. LDLT was conducted 225 times between May 2001
and December 2012, and 15 of the procedures were performed in patients weighing <6 kg. We selected S2 monosegment
grafts and reduced LLS grafts if the preoperative computed tomography (CT)—volumetry value of the LLS graft was >5%
and 4% to 5% of the graft/recipient weight ratio, respectively. We used LLS grafts in 7 recipients, S2 monosegment grafts in
4 recipients, reduced S2 monosegment grafts in 3 recipients, and a reduced LLS graft in 1 recipient. The reduction rate of
S2 monosegment grafts for use as LLS grafts was 48.3%. The overall recipient and graft survival rates were both 93.3%,
and 1 patient died of a brain hemorrhage. Major surgical complications included hepatic artery thrombosis in 2 recipients,
bilioenteric anastomotic strictures in 2 recipients, and portal vein thrombosis in 1 recipient. In conclusion, our graft selection
strategy based on preoperative CT-volumetry is highly useful in patients weighing <6 kg. S2 monosegment grafts are effec-
tive and safe in very small infants particularly neonates. Liver Transpl 21:233-238, 2015. © 2014 AASLD.
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Since Starzl et al.' first performed pediatric liver
transplantation (LT) in 1967, there have been signifi-
cant advances in surgical procedures, preservation
technology, immunosuppressive management, and
perioperative care; therefore, pediatric LT outcomes
have significantly improved over the past 2 decades.?
LT has become an established treatment for children
with end-stage liver disease.

However, performing LT in very small infants
remains a medical and surgical challenge because the
procedure is associated with many problems, includ-

ing size mismatches, vascular complications, and
infections.>® Among these problems, the most diffi-
cult issue is graft size mismatching in very small
infants. To prevent large-for-size syndrome, trans-
plant surgeons must reduce the size of left lateral seg-
ment (LLS) grafts. In principle, the graft/recipient
weight ratio (GRWR) should be reduced to <4%,'%!!
In our experience, however, the median actual volume
of LLS grafts (n=152) used in our facility has been
234 g (range, 146-382 g). For recipients with a body
weight of 6 kg, 4% of the GRWR is 240 g. Therefore,
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S2 graft 205 g
GRWR =4.3%

Reduced S2 graft 158 ¢

Figure 1. S2 monosegment graft and reduced S2 monosegment graft.

transplant surgeons must consider reducing the size
of LLS grafts in recipients with a body weight <6 kg.

Kasahara et al.'*!?® introduced the technique of
using reduced LLS grafts in small infants, and they
reported good outcomes. On the other hand, we previ-
ously reported that segment 2 (S2) monosegment
grafts were highly effective in small infants (particu-
larly neonates; Fig. 1).!* However, there is no consen-
sus about how to distinguish between indications for
S2 monosegment grafts and reduced LLS grafts, and
selection procedures vary among institutes. We here
present a retrospective analysis of our experience with
performing living donor liver transplantation (LDLT)
in patients weighing <6 kg, and we analyze the effi-
cacy of our strategy for LDLT graft selection.

PATIENTS AND METHODS
Patients

A total of 219 pediatric patients underwent LDLT 225
times between May 2001 and December 2012 at Jichi
Medical University Hospital (Tochigi, Japan). The
median age and weight were 1.5 years (range, 0.04-
19.5 years) and 9.9 kg (2.6-64.9 kg), respectively. The
most common indication was biliary atresia (n = 166 or
73.8%). Among these cases, LDLT was 15 times per-
formed in patients weighing <6 kg. The characteristics
of these 15 patients are shown in Table 1. We retrospec-
tively analyzed correlations between the graft type and
the graft liver volume, graft survival rate, and 1-year
incidence of complications (Clavien-Dindo score > 2).
Data were collected retrospectively from medical
records. This protocol received a priori approval from
the institutional review committee.

Preoperative Strategy for Graft Selection

We performed preoperative computed tomography
(CT)~volumetry of the LLS for all donors. When the
GRWR of the LLS graft according to preoperative CT-
volumetry was <4%, we used the LLS graft. When the
GRWR of the LLS graft was >4%, we planned a graft
hepatectomy to reduce the GRWR of the LLS graft to

GRWR=3.3%
TABLE 1. Summary of the Patient Data
Body weight, median (range), kg 5.1 (2.6-6.0)
Age, median (range), days 38 (13-266)
Sex, n (%)
Male 2 (13.3)
Female 13 (86.7)
Original disease, n (%)
Biliary atresia 8 (563.3)
Neonatal hemochromatosis 3 (20.0)
Fulminant hepatic failure 2 (13.8)
CPS1D 1(6.7)
Idiopathic liver cirrhosis 1(6.7)
Donor, n (%)
Father 8 (63.3)
Mother 7 (46.7)
Blood type, n (%)
Identical 6 (40.0)
Compatible 6 (40.0)
Incompatible 3 (20.0)
Graft type, n (%)
LLS 7 (46.7)
S2 monosegment 4 (26.7)
Reduced S2 monosegment 3 (20.0)
Reduced LLS 1(6.7)
Operation time, median 13:37 (11:42-20:05)
(range), hours:minutes
Bleeding volume, 750 (200-2823)
median (range), mL
Observation period, 5.9 (0.1-12.2)
median (range), years

<4%. We selected a reduced LLS graft when the pre-
dictive GRWR of the LLS graft was 4% to 5% and an
S2 monosegment graft when the predictive GRWR of
the LLS graft was >5%. If the actual GRWR of the
graft was >4% on the back table, we performed a
reduced hepatectomy. When we reduced the LLS graft
on the back table, we first resected the lateral side of
the LLS graft with the clamp-crush method, and we
then resected the caudal side to make the graft <4%
of the GRWR. When we reduced the S2 monosegment
graft on the back table, we resected the lateral side of
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the S2 monosegment graft. We analyzed the graft
selection procedure and the graft volume changes
achieved with the reduction method for LDLT in
patients weighing <6 kg.

Surgical Procedures for LDLT

The type of donor hepatectomy was determined accord-
ing to the recipient body weight and the preoperative
CT-volumetry value of the LLS graft. We performed left
lateral segmentectomy for LLS grafts and in vivo seg-
ment 3 (S3) resection during left lateral segmentectomy
for S2 monosegment grafts as previously reported.'*
The donor biliary anatomy was evaluated with either
intraoperative repeated real-time cholangiography or
preoperative magnetic resonance cholangiography.
Donor graft hepatectomy was routinely performed with
intraoperative ultrasonographic guidance. The allo-
grafts were preserved with University of Wisconsin
solution (Viaspan). If necessary, graft hepatic vein
venoplasty was performed on the back table. If the
actual GRWR of the resected graft was >4%, an ex vivo
partial reduction was performed from the distal side of
the graft on the back table.

For the recipient procedure, a Mercedes-Benz or
transverse incision was created, and total hepatec-
tomy was performed. In many infants after total hepa-
tectomy, the recipient right, middle, and left hepatic
veins were formed into a single orifice, which was
then anastomosed in an end-to-end fashion to the
graft left hepatic vein, whereas the portal vein was
reconstructed between the recipient right or left portal
vein branch patch and the graft left portal vein.
Hepatic artery reconstruction was performed with
microsurgical techniques. Biliary reconstruction was
performed with Roux-en-Y hepaticojejunostomy.
Intraoperative color Doppler ultrasonography was
used to assess the blood flow velocity and pattern
after vascular reconstruction and during abdominal
wall closure. We judged whether to perform the pri-
mary abdominal closure during the operation mainly
on the basis of the respiratory condition and the blood
flow of the graft liver in these infant patients. In cases
of graft compression, which could lead to graft blood
flow insufficiency or respiratory insufficiency due to
abdominal compartment syndrome, we did not per-
form primary abdominal closure.

Statistical Analysis

The data are expressed as medians and ranges or
means and standard deviations on the basis of the
presence or absence of a normal distribution. The sig-
nificance of differences in the incidence of surgical
complications between recipients weighing <6 kg and
those weighing >6 kg was evaluated with the chi-
square test. Recipient survival was calculated accord-
ing to the Kaplan-Meier product-limited method, and
differences in survival between the 2 groups were
compared with the log-rank test. All statistical analy-
ses were performed with the StatView software pack-

age (SAS Institute, Cary, NC), and differences with a P
value < 0.05 were considered significant.

RESULTS

We used LLS grafts in 7 recipients (46.7%), S2 monoseg-
ment grafts in 4 recipients (26.7%), reduced S2 monoseg-
ment grafts in 3 recipients (20.0%) and a reduced LLS
graft in 1 recipient (6.7%). The actual median graft vol-
ume and GRWR were 172 g (range, 93-222 g) and 3.6%
(range, 3.0%-4.0%), respectively. The median recipient
operative time and bleeding amount were 13 hours 37
minutes (range, 11 hours 42 minutes to 20 hours 5
minutes) and 750 mL (range, 200-2823 mL), respectively.
In Table 2, we present the preoperative CT-volumetry val-
ues for the LLS grafts as well as the actual graft volumes
and GRWRs after the volume reduction process. The
mean reduction achieved with S2 monosegment grafts
was 48.3%. Primary abdominal closure was possible in
13 patients (86.7%).

Recipient survival curves are shown in Fig. 2. One
patient died of a brain hemorrhage on postoperative day
(POD) 22. Except for this patient, all patients survived
with properly functioning grafts. The 1- and 5-year
recipient survival rates were both 93.3%. There were no
significant differences with respect to the patients
weighing more than 6 kg (P= 0.67).

The surgical outcomes and the surgical complica-
tions are shown in Table 3. One patient (6.7%) devel-
oped portal vein thrombosis and underwent
thrombectomy on POD 3. Portal vein thrombosis
occurred again 6 months after LDLT, and we per-
formed stent placement via an endovascular interven-
tion. Two patients (13.3%) developed hepatic artery
thrombosis (POD 4 and POD 8, respectively), and
both underwent balloon dilatation via an endovascu-
lar intervention. Two patients (13.3%) developed bil-
ioenteric anastomotic strictures (POD 111 and POD
162, respectively), and both underwent percutaneous
transhepatic biliary drainage and balloon dilatation
(POD 251 and POD 253, respectively).

DISCUSSION

When one is performing LDLT in very small infants, it
is important to select a size-matched graft and effi-
ciently reduce the LLS graft. The techniques for
reducing the volume of LLS grafts obtained from living
donors are highly developed in Japan. Kasahara
et al.'® introduced the use of hyperreduced LLS grafts
in which the caudal and lateral portions of the LLS
are resected in situ. In this technique, the transection
line is dependent on the anatomical variation of the
hepatic vein system, not the portal vein system. The
advantages of using a reduced LLS include the sim-
plicity of the procedure using the energy device and
the short amount of time required. The limitations of
this technique include the fact that it is difficult to
significantly reduce the volume and that a substantial
amount of graft thickness remains.'® As a result, the
reduced graft volume is sometimes insufficient, and
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TABLE 2. Characteristics of 15 Patients Weighing <6 kg
Donor Actual
LLS Graft LLS
Body Preoperative Volume Volume Reduction Abdominal
Case Weight Original  Volumetry (g)/GRWR Graft (g)/GRWR Rate Wall
number (kg) Disease of LLS (g) (%) Type (%) (%) Closure
1 6.0 Biliary atresia 214 218/3.6 LLS 218/3.6 — Primary
2 5.9 Biliary atresia 228 210/3.6 LLS 210/3.6 — Primary
3 5.9 Biliary atresia 181  220/3.7 LLS 220/3.7 — Primary
4 5.9 Biliary atresia 249 222/3.7 LLS  222/3.7 — Primary
5 5.9 CPS1D 192 182/3.1 LLS 182/3.1 —_— Primary
6 5.8 Biliary atresia 166 174/3.0 LLS 174/3.0 —_ Primary
7 5.8 Biliary atresia 269 246/4.3 Reduced LLS 172/3.0 -30.2 Primary
8 5.1 Biliary atresia 196 218/4.3 LIS 218/4.3 — Primary
9 4.8 Biliary atresia 363 3859/7.5 Reduced S2  158/3.3 ~56.0 Primary
10 3.4  Fulminant hepatic failure — 221/6.5 S2 129/3.8 -41.5 Primary
11 3.1 Idiopathic liver cirrhosis — 225/7.8 52  124/4.0 —48.7 Secondary
12 2.9 Neonatal hemochromatosis 236  203/6.3 S2 107/3.6 —42.9 Secondary
13 2.8 Neonatal hemochromatosis 213 155/5.5 S2 93/3.3 -40.0 Primary
14 2.6 Fulminant hepatic failure — 229/89 Reduced S2 98/3.8 -57.3 Primary
15 2.6 Neonatal hemochromatosis 233 248/9.6 Reduced S2 95/3.7 -61.5 Primary
NOTE: The graft type, the preoperative LLS graft volume, and the actual graft volume of each recipient are shown. Changes
in the preoperative volumetry of the LLS graft and the actual graft volume and GRWR in association with the volume reduc-
tion process are shown. A 48.3% reduction rate for LLS grafts was achieved with S2 monosegment grafts.

>6kg;95.5% (n=210)
1 - median = 7.4 years (0.1 — 13.4)

<6kg :93.3% (n=15)
median =359 years (0.1~ 12.2)

P=0.67

5 10 (postoperative year)

Figure 2. Recipient survival rates with respect to recipient
weights for patients weighing >6 or <6 kg. No significant differ-
ences were seen.

performing primary abdominal closure is impossible;
this creates consequent concerns regarding graft com-
pression. The authors modified this technique to
reduce the thickness; however, this procedure is com-
plicated by a large graft resection membrane.'”

In contrast, monosegment graft anatomic dissection
is another established method used in small infants.
S3 monosegment grafts were mainly used in the
past,'®2° and we previously reported the method and
efficacy of using S2 monosegment grafts.'*

As we previously reported, S2 monosegment grafts
have some advantages in comparison with S3 mono-
segment grafts. The advantage of 52 monosegment
grafts is that they enable the transplant surgeon to
reduce around half of the graft volume and thin the
graft shape. Therefore, S2 monosegment grafts are
suitable for small infants with narrow abdominal cav-
ities (particularly neonates), and they allow the use of
primary abdominal closure without graft compression
in some cases, even in neonatal LDLT.

Because the S2 monosegment graft is the dorsolat-
eral segment of the left hepatic lobe, it is more stable
when it is implanted into the abdominal cavity. In
addition, the use of S2 monosegment grafts is not
associated with an increased risk of surgical complica-
tions in either recipients or donors in our experience.
Furthermore, S2 monosegment grafts regenerate well
within a few years after LDLT, as demonstrated previ-
ously.?! On the other hand, because the transection
surface of the monosegment graft is located ventrally,
itis difficult to perform a periodic examination by Doppler
ultrasonography and percutaneous liver biopsy. Further-
more, the long-term prognosis is unknown.??24 We think
that if the donor’s LLS is thick and the S2 volume is larger
than the S3 volume, an S3 monosegment graft may be
acceptable for neonatal LDLT. Because the transection
surface of the S3 monosegment graft is dorsally located,
there are some disadvantages: an unstable position for
the graft liver and difficulty in treating bile leakage. We
consider S2 to be the first choice for a monosegment graft,
but S3 is acceptable in some cases. Transplant surgeons
should preoperatively assess the monosegment graft
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TABLE 3. Surgical Data and Complications

Complication >6 kg (n=210) <6kg (n=15H) PValue

Operation time, median 15:02 (7:02-37:10) 13:37 (11:42-20:05) 0.44
(range), hours:minutes

Bleeding volume, median 70.7 (3.1-820.2) 141.5 (36.3-589.1) 0.018
(range), mL/kg

Hepatic venous stenosis, n (%) 10 (4.8) 0{0) 0.39

Portal vein thrombosis, n (%) 24 (11.4) 1(6.7)* 0.57

Hepatic artery thrombosis, n (%) 15 (7.1) 2 (13.3)t 0.38

Bilioenteric anastomotic 33 (15.7) 2 (13.3)% 0.81
stricture, n (%)

Abdominal bleeding, n (%) 7 (3.3) 2 (138.3) 0.50

Bile leakage, n (%) 7 (3.3) 00 0.47

*Case 7.

fCases 7 and 14.
*Cases 7 and 9.
SCases 6 and 11.

NOTE: The incidence of surgical complications for pediatric LDLT in patients weighing <6 kg at our institution is shown.
The incidence of complications was not significantly different from that observed for patients weighing >6 kg.
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Figure 3. Strategy for graft selection among patients weighing
<6 kg. We planned to keep the GRWR = 4% on the basis of the
donor preoperative CT-volumetry value for the LLS graft. When
the predictive GRWR of the LLS graft was =5%, we selected the
LLS as the liver graft. When the predictive GRWR of the LLS graft
was >5%, we selected the S2 monosegment as the liver graft.
When the actual GRWR was >4%, we performed partial graft
hepatectomy ex vivo to reduce the GRWR to =4%.

volume and anatomical variations of the portal and
hepatic veins.

To make the graft volume satisfy the recipient's
metabolic demands and fit the abdominal space, we
must match the recipient’s body weight and graft vol-
ume. We believe that graft CT-volumetry is important
because the LLS graft volume of each donor is within
the range of 146 to 382 g in our experience. We con-
sider patients whose LLS graft GRWR is >5% to be
candidates for S2 monosegment grafts because they
require >20% LLS graft reduction. On the other
hand, if the GRWR of the LLS graft is between 4%
and 5%, it is suitable to use a reduced LLS graft
because reducing the size of the LLS graft by only
20% is sufficient. In summary, we developed a peri-
operative strategy for graft selection in patients
weighing <6 kg, as shown in Fig. 3. We planned to
keep the GRWR<4% according to the preoperative
CT-volumetry values of the LLS grafts obtained from

living donors. When the predictive GRWR of the LLS
graft was <5%, we selected the LLS as the donor liver
graft. When the predictive GRWR of the LLS graft
was >5%, we selected the S2 monosegment as the
liver graft. When the actual GRWR was >4%, we per-
formed ex vivo partial hepatectomy on the back
table. Using this strategy, we were able to obtain
good results, especially with respect to the survival
rate and primary abdominal closure; however, fur-
ther studies of the long-term prognosis of these
reduced grafts are needed.

In conclusion, our graft selection strategy based on
the preoperative CT-volumetry value is highly useful
in patients weighing <6 kg. The use of S2 monoseg-
ment grafts is effective and safe in very small infants
and particularly in neonates.
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Living donor liver transplantation from an
asymptomatic donor with mild coagulation
factor IX deficiency: Report of a case
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Abstract: The use of donors with coagulation FIX deficiency is
controversial, and there are no current protocols for peri-transplant
management. We herein describe the first reported case of a pediatric
LDLT from an asymptomatic donor with mild coagulation FIX
deficiency. A 32-yr-old female was evaluated as a donor for her 12-
month-old daughter with biliary atresia. The donor’s pretransplant
coagulation tests revealed asymptomatic mild coagulation FIX
deficiency (FIX activity 60.8%). Freeze-dried human blood coagulation
FIX concentrate was administered before the dissection of the liver and
12 h afterwards by bolus infusion (40 U/kg) and was continued on
POD 1. The bleeding volume at LDLT was 590 mL. On POD 1, 3, 5,
and 13, the coagulation FIX activity of the donor was 121.3%, 130.6%,
114.6%, and 50.2%, respectively. The donor’s post-transplant course
was uneventful, and the recipient is currently doing well at 18 months
after LDLT. The FIX activity of the donor and recipient at

nine months after LDLT was 39.2% and 58.0%, respectively. LDLT
from donors with mild coagulation FIX deficiency could be performed
effectively and safely using peri-transplant short-term coagulation FIX
replacement and long-term monitoring of the plasma FIX level in the
donor.
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The use and safety of expanded-criteria donors
have become accepted in clinical practice because
of the scarcity of organs for transplantation.
However, the use of grafts from donors with
coagulation FIX deficiency has not been repor-
ted. There is a safety concern related to such
donors because coagulation FIX deficiency
exposes patients to greater risks of bleeding com-
plications during the peri-transplant period,
there is no consensus as to whether grafts from

Abbreviations: Alb, albumin; ALT, alanine aminotransfer-
ase; APTT, activated partial thromboplastin time; AST,
aspartate aminotransferase; FVIII, factor VIII; FIX, factor
IX; FFP, fresh frozen plasma; Hb, hemoglobin; Het, hemat-
ocrit; LDLT, living donor liver transplantation; Plt, plate-
let; POD, postoperative day; POM, postoperative month;
PT-INR, prothrombin time-international normalized ratio;
TB, total bilirubin.

E270

431

donors with coagulation FIX deficiency should
be used.

Although the efficacy of FIX administration to
patients with hemophilia undergoing surgical
interventions has been shown (1) and some expe-
riences of liver transplantation for hemophiliac
patients with end-stage liver disease have been
reported (2-13), there are no current protocols
for the peri-transplant management of donors
with coagulation FIX deficiency.

We describe the first reported case of pediatric
LDLT from an asymptomatic donor with mild
coagulation FIX deficiency.

Case report
Donor

A 32-yr-old woman was evaluated as a donor for
her 12-month-old daughter with biliary atresia.



Asymptomatic mild coagulation FIX deficiency
was diagnosed during the pretransplant examina-
tion for LDLT based on the prolonged APTT.
The blood test results were as follows: Hb
13.1 g/dL; Hct 39.2%; PIt 254 000/uL; Alb
4.2 g/dL; TB 0.89 mg/dL; AST 16 mU/mL; ALT
11 mU/mL; PT-INR 1.02; APTT 37.0 s; FVIII
activity 91.4%; FIX activity 60.8%; von Willbrand
factor >134.0%.

Pretransplant liver volumetry, as measured
using Synapse Vincent (FUJIFILM Medical Co.,
Ltd., Tokyo, Japan), showed that the donor’s
whole liver volume was 1001 mL and that the left
lateral segment volume was 180 mL. Therefore,
the post-transplant predictive FIX activity of the
donor was calculated as 49.9% (60.8% x 821/
1001), assuming that the remnant liver would
elaborate FIX.

The donor underwent left lateral segmentecto-
my for ABO-identical LDLT. The length of the
operation was four h 47 min, and the volume of
the bleeding was 590 mL. No transfusion was
administered during the operation. The donor’s
post-transplant predictive FIX activity was cal-
culated as 52.9% (60.8% x 854/1001) for the left
lateral segment graft (147 g).

Freeze-dried human blood coagulation FIX
concentrate (Novact M, Kaketsuken, Kumamo-
to, Japan) was administered before the dissection
of the liver and 12 h afterwards by bolus infusion
(40 U/kg) and was continued on POD 1 to
obtain a steady-state plasma level above 60.0%.
Early discontinuation of FIX concentrate was
possible because of good remnant liver function
and an absence of bleeding episodes. On POD 1,
3, 5, and 13, the donor’s FIX activity was
121.3%, 130.6%, 114.6%, and 50.2%, respec-
tively (Fig. 1). The post-transplant course was

140 -

120

80 -

60 -

40

Factor IX activity (%)

20 -

40 u/kg (factor IX concentrate)

L

Living donors with coagulation FIX deficiency

uneventful, and the donor was discharged from
the hospital on POD 18.

She is currently doing well at one yr after
LDLT, and her FIX activity was 39.2% at the
most recent examination (Fig. 1).

Recipient

A 12-month-old female infant with biliary atresia
underwent LDLT because of intractable cholan-
gitis and portal hypertension. Her body height
and weight were 75.0 cm and 8.3 kg, and the
standard liver volume was 288 mL. The blood
test results were as follows: Hg 11.0 g/dL; Hct
35.5%; PlIt 182 000/uL; Alb 3.4 g/dL; TB 1.25 mg/
dL; AST 191 mU/mL; ALT 96 mU/mL;
PT-INR 0.97; APTT 31.9s; FVIII activity
179.8%; FIX activity 45.0%; von Willbrand factor
>201.0%. Because the donor’s predicted left lat-
eral segment volume was 180 mL, the recipient’s
post-transplant predictive FIX activity was cal-
culated as 38.0% (60.8% x 180/288), assuming
that the graft liver would elaborate FIX.

The recipient underwent ABO-identical LDLT
using a left lateral segment graft. The length of
the operation was nine h 15 min, and the bleed-
ing volume was 537 mL. A total of 292 mL of
red blood cells concentrate and 128 mL of FFP
were infused during the LDLT. The recipient’s
post-transplant predicted FIX activity was calcu-
lated as 31.0% (60.8% x 147/288) for the left
lateral segment graft (147 g).

Freeze-dried human blood coagulation FIX
concentrate was administered by a bolus infusion
(100 U/kg) only at the time of the anesthesia
induction to obtain a steady-state plasma level
above 60%. The early post-transplant course was
favorable, with a good allograft function and an
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Fig. 1. The post-transplant
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absence of bleeding episodes after single adminis-
tration of FIX concentrate. On POD 1, 3, 5, 7,
13, 20, and 30, the recipient’s FIX activity was
38.3%, 65.7%, 42.6%, 47.4%, 91.6%, 86.3%,
and 59.6%, respectively (Fig. 2). The post-trans-
plant course was uneventful, and the recipient
was discharged from hospital on POD 34.

She is currently doing well at one yr after the
LDLT, and her FIX activity was 58.0% at the
most recent examination (Fig. 2).

Discussion

The anticipated problems associated with a hepa-
tectomy for patients with hemophilia and coagu-
lation factor deficiency include the peri-operative
management of coagulopathy because the post-
hepatectomy state exposes patients to greater
risks of bleeding complications during the peri-
operative period. Although the safety of factor
replacement treatment during peri-operative sur-
gical procedures has been reported (1), factor
administration should be minimized as much as
possible. Various regimens have been utilized,
including bolus infusion and continuous infusion
therapy, ranging from a few days to a few weeks
to maintain a normal level of coagulation FIX
activity (54-160%) (1-13). In this case, the bolus
infusion of FIX concentrate might have been
more appropriate and effective than a continuous
infusion. Although normal levels of FIX activity
were not achieved after the hepatectomy, we con-
cluded that there was no further need for FIX
replacement on POD 1 because there were no
bleeding episodes. For donors with mild coagula-
tion FIX deficiency, FIX concentrate should be
administered at the time of anesthesia induction
and at the end of the LDLT by bolus infusion

(40 U/kg) and then continued for a few days
after the LDLT by bolus infusion (40 U/kg),
based on whether bleeding episodes occur during
the monitoring of the plasma FIX level.

Regarding the suitability of a donor with coag-
ulation FIX deficiency, we predicted the post-
transplant FIX activity by pretransplant liver
volumetry using Synapse Vincent. The pretrans-
plant liver volumetry showed that the donor’s
whole liver volume was 1001 mL and the left lat-
eral segment volume was 180 mL. The predicted
post-transplant FIX activity of the donor and
recipient was calculated as 49.9% (60.8% x 821/
1001) and 38.0% (60.8% x 180/288), respec-
tively. We considered the donor suitable because
her predicted post-transplant FIX activity, as
well as that of the recipient, would not fall within
the category of moderate or severe coagulation
factor deficiency (<5%). The post-transplant
FIX activity could be predicted by pretransplant
liver volumetry to some extent. We consider that
pretransplant liver volumetry is important for an
indication of donor suitability.

During the post-transplant course, the donor
showed a gradual decrease in FIX activity until
POM 1; thereafter, it increased gradually until
POM 6 (Fig. 1). The recipient showed a gradual
decrease in FIX activity until POM 2, which
increased gradually until POM 3 (Fig. 2). The
actual post-transplant FIX activity (43.0%) of
the donor was lower than the predictive value
(52.9%); it was 20% lower than the predictive
FIX activity. The actual post-transplant FIX
activity (61.6%) of the recipient was higher than
the predicted value (31.0%) and >200% of the
predictive FIX activity. The regeneration of the
remnant liver and the graft liver might be associ-
ated with the recovery of FIX activity, and the
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rate of liver regeneration in the recipient might
be higher than that of the donor. In this recipi-
ent, the monitoring of FIX activity might have
been become a good indicator of the graft liver
function.

The efficacy of coagulant factor administration
to adult patients with hemophilia undergoing
surgical interventions has been shown (1). There
is no established consensus on the optimal factor
levels or the duration of replacement treatment
for pediatric patients with hemophilia. Recently,
the management of invasive procedures in pedi-
atric patients has been reported (14-16). We con-
sider the target plasma FIX level to be 80-100%
in surgical interventions and 60-80% in invasive
procedures (e.g., liver biopsy, etc.), based on pre-
vious reports. Transplant surgeons should mea-
sure and monitor the plasma FIX level before
surgical interventions or invasive procedures.

In conclusions, LDLT from donors with mild
coagulation FIX deficiency could be performed
effectively and safely by peri-transplant short-
term FIX replacement and long-term monitoring
of the plasma FIX level in the donor. The accu-
mulation of further cases and the long-term
observation of this case are needed to confirm
our findings.
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