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Fig. 7 Graft (a) and patient (b) survival according to graft type

Graft function in terms of PN dependence was excellent.
All patients became PN-free after intestinal transplantation,
although two-thirds of patients require continuous or
intermittent intravenous fluid support. Of the eight patients
who were alive at the time of data collection, all patients
were off parenteral nutrition, with three patients requiring
intravenous fluids daily, two patients requiring intravenous
fluids occasionally (Fig. 9). Most recipients stopped par-
enteral supplementation, eat, and have resumed normal
activities. Of the seven surviving patients 1 year after
transplant, six lead a full life.

Discussion

Children with intestinal failure are at risk for numerous
complications, especially PN-related complications. For
example, loss of venous access and IFALD are still major
problems for patients with intestinal failure because they
are potentially life-threatening [4].

Catheter-related bloodstream infections were common
in patients with intestinal failure [5]. Survival of children
with chronic intestinal failure has increased as result of
home PN. Adequate central venous accesses crucial for the
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successful management of home PN, but venous access can
be complicated by episodes of catheter-associated infec-
tion, repeated procedures to replace catheters, and catheter-
related thrombosis. Management and prevention of cathe-
ter-related thrombosis are of vital importance. [6].

IFALD can be a progressive and fatal entity in children
with short gut syndrome. Parenteral fish oil-based fat
emulsions are safe and may be effective in the treatment of
PN-associated liver disease [7]. A lipid reduction protocol
may prevent cholestasis [8]. Despite all efforts to prevent
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complications, some children develop end-stage intestinal
failure.

As outcomes of intestinal transplantation have
improved, it has become the definitive treatment for
patients with intestinal failure who cannot tolerate PN.
Over the past decade, intestinal transplantation has become
accepted as standard therapy for patients with life-threat-
ening complications of PN in many countries [9, 10].

Currently, evaluation for transplant is recommended for
pediatric patients with intestinal failure who are doing
poorly on PN due to loss of more than 50 % of the major
intravenous access sites (two out of four sites include both
internal jugular veins and subclavian veins); recurrent
severe catheter-related sepsis; progressive liver dysfunc-
tion; or impaired renal function due to massive gastroin-
testinal fluid loss.

Timely referral to an intestinal transplant program is
important for children with intestinal failure because
intestinal transplantation is easier and safer with adequate
central venous access and normal liver function [11]. For
patients who undergo intestinal transplantation, patient
survival is similar to remaining on PN. The inclination is
therefore to move towards earlier transplantation and
avoiding the need for concomitant liver transplantation [12].

The 2011 report of the intestinal transplant registry
confirmed that intestinal transplantation has become a
definitive therapeutic option for patients with intestinal
failure. By 2011, 2,611 intestinal transplants had been
performed throughout the world with 79 participating
centers worldwide. Three types of intestinal transplantation
are performed: (1) isolated intestinal transplantation (1,184
cases); (2) liver and intestine transplantation (845 cases);
and (3) multivisceral transplantation (619 cases). In pedi-
atric patients, two-thirds acquired short gut syndrome as a
result of congenital disease, including gastroschisis, intes-
tinal atresia, and necrotizing enterocolitis [10].

On the other hand, only 14 intestinal transplants have
been performed in patients under 18 years of age in Japan.
The number is relatively small, although it is estimated that
40 pediatric patients require intestinal transplants nation-
wide [13]. In the Japanese experience, the 1- and 5-year
overall patient survival rates are 77 and 57 %. The one-
year survival rate was 83 % for the last 5 years. These are
considered acceptable results for the treatment of intestinal
failure. Our results in Japan are comparable with results
worldwide, even though there are only one or two cases per
year performed in Japan compared to over 100 intestinal
transplants yearly performed in the world. In our opinion,
children with intestinal failure should be treated with
intestinal transplantation in Japan as well as in other
countries when feasible.

There were two major reasons for the low number of
intestinal transplants in Japan. One reason is the lack of

available organs. For a long time, relatively few donations
from deceased donors were obtainable in Japan. As with
other solid organs, most intestinal transplants in Japan are
performed with living-related donors. Although the situa-
tion has changed due to the new Act on Organ Trans-
plantation, which went into effect in 2010, the number of
deceased donations has not increased dramatically, espe-
cially among pediatric donors.

The financial barrier is the other, more profound reason
preventing the greater use of intestinal transplantation in
Japan. Since the procedure is not covered by health
insurance, either the patient or the transplant center must
pay the considerable costs out of pocket.

Some patients develop liver failure with short gut syn-
drome. These patients need simultaneous liver-intestinal
transplants. A combined liver-intestine transplant has less
risk of acute rejection than an isolated intestinal transplant
because the liver may have protective effects on the
intestine [10]. Combined liver and intestine transplants are
the most frequent procedure in infants and children,
accounting for half of the cases. Current organ allocation
guidelines have not allowed for simultaneous combined
liver—intestine organ retrieval until the law was revised in
2010; thus, simultaneous liver—intestine transplantation
with a deceased donor graft had been impossible. Isolated
intestinal transplantation, the preferred procedure, was
offered to patients with limited IV access or recurrent line
infections. Combined liver—intestine transplants are per-
formed for treatment of irreversible liver disease caused by
PN. Isolated intestinal transplantation from deceased
donors following living-related liver transplantation,
referred to as sequential combined liver-intestine trans-
plantation, has been attempted.

Previously, the law on organ transplantation banned
donors below 15 years of age. This is the main reason why
there were relatively few pediatric transplant recipients.
Intestinal transplant for infants was previously not possible
because of donor-recipient size mismatch. Only a small
number of pediatric transplants have been performed.
Pediatric patients still await the opportunity to benefit from
intestinal transplantation. Moreover, younger patients
sometimes develop liver failure [3]. Multivisceral trans-
plants are recommended for the treatment of severe gas-
trointestinal motility disorders [14]. However organ
allocation guidelines do not allow for multivisceral organ
retrieval. Further reform of allocation guidelines is needed.

This analysis found that improved induction immuno-
suppression is strongly associated with higher survival
rates. The use of antibody induction therapy appears to be
particularly important for the success of intestinal trans-
plantation, possibly due to the large lymphoid mass of this
type of graft [15]. Induction with rabbit anti-thymus glob-
ulin (rtATG) minimized the amount of tacrolimus needed for
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maintenance immunosuppression, facilitated the long-term
control of rejection, and decreased the incidence of oppor-
tunistic infections, resulting in a high rate of patient and
graft survival [16]. The combination of rATG and rituximab
was an effective induction therapy according to our pre-
liminary data. The number and severity of rejection epi-
sodes increased when the liver was not included as part of
the graft. An immunosuppression regimen including rATG,
rituximab, and steroids may have a protective effect against
post-transplant lympho proliferative disease (PTLD) and
chronic rejection [17]. Sirolimus is a safe rescue therapy in
children with intestinal transplants when tacrolimus is not
well tolerated. Renal function and hematologic disorders
seem to improve, although other simultaneous strategies
could be involved [18]. However, those medications are not
commercially available with insurance coverage in Japan.
Children after intestinal transplant should be managed with
limited immunosuppression.

Preemptive assessments are recommended, even for
patients doing well on PN, and for infants and adults with
an ultra-short gut or for infants with total intestinal agan-
glionosis or microvillus inclusion disease, since patients
with these findings have very poor survival rates on PN
[15].

Early referral and listing are important for successful
outcomes. Presently, because of the risks involved as well
as financial reasons, transplants are rarely offered to
pediatric patients in Japan. However, this treatment will
undoubtedly become more common over time as the results
of intestinal transplantation continue to improve.

Conclusion

Intestinal transplantation has become the definitive treat-
ment for patients with chronic intestinal failure. Since
intestinal transplantation in Japan has yielded satisfactory
results, indications for the procedure should be expanded.
The national health insurance should cover intestinal
transplants to reduce the incidence of PN-related compli-
cations. Systems facilitating combined simultaneous liver—
intestine and multi-organ transplants should be developed.
‘We continue to work on reforming national health insurance
coverage and realizing multi-organ transplantation in Japan.
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A national survey of pregnancy outcomes after living donor liver transplantation (LDLT) was performed in Japan. Thirty-
eight pregnancies in 30 recipients resulted in 31 live births (25 recipients), 3 artificial abortions in the first trimester (3 recipi-
ents), 1 spontaneous abortion (1 recipient), and 3 fetal deaths (3 recipients). After the exclusion of the 3 artificial abortions,
there were 35 pregnancies in 27 recipients: pregnancy-induced hypertension developed during 6 pregnancies (5 recipients),
fetal growth restriction developed during 7 pregnancies (6 recipients), acute rejection developed during 2 pregnancies (2
recipients), and ileus developed during 1 pregnancy (1 recipient). Preterm delivery (<37 weeks) occurred for 10 pregnan-
cies (10 recipients), and cesarean delivery was performed for 12 pregnancies (12 recipients). After delivery, acute rejection
developed in 3 recipients. Twelve neonates were born with fow birth weights (<2500 g), and 4 of these 12 neonates had
extremely low birth weights (<1500 g). Two neonates had congenital malformations. The pregnancy outcomes after LDLT
were similar to those reported for cadaveric liver transplantation (LT). The incidence of pregnancy-induced hypertension in
recipients who were 33 years old or older at the diagnosis of pregnancy was significantly higher than the incidence in recipi-
ents who were less than 33 years old at the diagnosis of pregnancy. The incidences of fetal growth restriction, pregnancy-
induced hypertension, and extremely low birth weight were significantly higher in the early group (<3 years after transplan-
tation) versus the late group (>3 years after transplantation). In conclusion, it is necessary to pay careful attention to com-
plications during pregnancy in recipients who become pregnant within 3 years of LT, particularly if the age at the diagnosis
of pregnancy is >33 years. Liver Transpl 20:576-583, 2014. © 2014 AASLD.
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' 38 pregnancies (30 recipientsﬂ

Artificial abortion: 3 pregnancies®

] 35 pregnancies (27 recipients) ]

Spontaneous abortion: 1 pregnancy
Fetal death: 3 pregnancies®

Live birth
31 pregnancies (25 recipients)

Figure 1. Subjects of this study. *In one recipient, artificial
abortion was performed at the first pregnancy, and the second
pregnancy was resulted in fetal death. Six recipients had live
births twice.

transplantation (LDLT) have been reported in 1
study,* most participants in previous studies have
been cadaveric LT recipients. Here, the results of a
national survey of pregnancy outcomes after LDLT in
Japan are presented and discussed.

PATIENTS AND METHODS

In Japan, data on LT, including LDLT and cadaveric
LT, and the institutes (hospitals or medical centers)
that perform LT are registered with the Japanese
Liver Transplantation Society. By the end of 2011,
139 cadaveric LT procedures and 6503 LDLT proce-
dures were registered with the society.2 The Japa-
nese Liver Transplantation Society performed a
national survey of pregnancy outcomes after LDLT in
Japan. The society sent questionnaires to the insti-
tutes and retrospectively assessed data on pregnancy
outcomes after LT until May 2012. The questionnaires
included information about LDLT, clinical courses of
pregnancies and deliveries, and neonates.

Pregnancy-induced hypertension was defined as a
systolic blood pressure > 140 mm Hg or a diastolic
blood pressure > 90 mm Hg after 20 weeks of gesta-
tion in a woman with previously normal blood pres-
sure.?® Fetal growth restriction was defined as an
estimated fetal weight < —1.5 standard deviations of
the normal reference range. The fetal weight was esti-
mated with formulas from ultrasound measurements
based on neonatal specific gravities and volumes.?” In
22 of the 23 recipients who received tacrolimus dur-
ing pregnancy (25 of 29 pregnancies), consecutive
serum trough levels of tacrolimus during pregnancy
(at several times) were available, and the mean trough
level was calculated. The pathological degree of acute
rejection (the rejection activity index) was assessed
according to the Banff classification.?®

This study was approved by the ethics committee of
the Osaka City University Graduate School of Medi-
cine (no. 1856) and was conducted in accordance
with the Declaration of Helsinki of 1996. Informed
consent was obtained from the participants. No
patient was excluded from the study because
informed consent could not be obtained.

TABLE 1. Indications for LDLT

Disease Patients (n)

Congenital biliary atresia 14
Acute hepatic failure

Primary sclerosing cholangitis
Autoimmune hepatitis

Hepatitis B virus

Budd-Chiari syndrome

Familial amyloid polyneuropathy
Hepatocellular carcinoma

Pt et et = = DD O

Statistics

To assess the relationships between complication rates
during pregnancy and pregnancy outcomes and the
age at pregnancy and interval from LDLT to pregnancy,
receiver operating characteristic (ROC) curves were
constructed. In addition, areas under the receiver
operating characteristic curve (AUCs) with 95% confi-
dence intervals (CIs) were calculated. The optimal age
and interval cutoff values were determined with You-
den’s index (sensitivity + specificity — 1). Categorical
variables were compared with the chi-square test or
Fisher's exact test as appropriate. The Student t test
was used to analyze differences in ages. A P value <
0.05 was considered significant. All statistical data
were generated with JMP 9.0 (SAS Institute, Cary, NC}.

RESULTS
Recipient Characteristics

The study participants were 30 LT recipients who had
38 pregnancies (Fig. 1). The recipients underwent
LDLT at 11 institutions. The indications for LDLT
included congenital biliary atresia (14 recipients),
acute liver failure (9 recipients), primary sclerosing
cholangitis (2 recipients}, autoimmune hepatitis (1
recipient), liver cirrhosis caused by hepatitis B virus
(1 recipient), Budd-Chiari syndrome (1 recipient), fam-
ilial amyloid polyneuropathy (1 recipient), and hepato-
cellular carcinoma (1 recipient; Table 1). The age of
the recipients at the time of LDLT ranged from 4 to 38
years. The age at which pregnancy was diagnosed
ranged from 22 to 41 years (mean = 30.3 years). The
time from LDLT to the diagnosis of pregnancy ranged
from 356 to 6798 days (median = 1751 days).

At the diagnosis of pregnancy, tacrolimus was being
administered to 23 recipients (27 pregnancies); cyclo-
sporine was being administered to 2 recipients (2 preg-
nancies); a combination of tacrolimus and steroids was
being administered to 2 recipients (2 pregnancies); a
combination of cyclosporine and sirolimus was being
administered to 1 recipient (1 pregnancy); and a combi-
nation of tacrolimus, steroids, and mycophenolate
mofetil (MMF) was being administered to 1 recipient (1
pregnancy). The mean trough level of tacrolimus at the
diagnosis of pregnancy was 4.5 ng/mL (range = 0.9-
10.0 ng/mi), and the mean trough level during
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TABLE 2. Interval From LDLT to Pregnancy and Delivery Outcomes
Interval
Outcome Total <3 Years >3 Years P Value
Age at pregnancy (years)* 27 (22-41) 35 (24-41) 29 (22-40) 0.0014
Indications for LT (n) 0.327
Congenital biliary atresia 16 3 13
Acute hepatic failure 12 4 8
Primary sclerosing cholangitis 1 1 0
Other 6 2 4
Complications during pregnancy [n (%)
Spontaneous abortion 1(2.9) 0 1 (4.0) >0.999
Fetal death 3 (8.6) 2 (20.0) 1 (4.0) 0.190
Fetal growth restriction 7 (20} 5 (50.0) 2 (8.0} 0.0120
Liver dysfunction 4(11.4) 2 (20.0} 2 (8.0) 0.561
Pregnancy-induced hypertension 6(17.1) 5 (50.0) 1 (4.0) 0.0040
Delivery outcomes [n )
Preterm delivery 10 (32.3) 4 (50.0) 6 (26.1) 0.381
Cesarean delivery 12 (38.7) 4 (50.0) 8 (34.8) 0.676
Low birth weight (<2500 g) 12 (38.7) 5 (62.5) 7 (30.4) 0.206
Extremely low birth weight (<1500 g) 4 (12.9) 3 (37.5) 1(4.3) 0.0432
Birth defects 2 (6.5) 1(12.5) 1 (4.3) 0.456
NOTE: There were 35 pregnancies in 27 recipients (3 pregnancies in 3 recipients ended by artificial abortions were
excluded from the analysis).
*The data are reported as medians and ranges.
*There were 10 pregnancies in the <3-year group and 25 pregnancies in the >3-year group.
*There were 8 pregnancies in the <3-year group and 23 pregnancies in the >3-year group (4 pregnancies in 4 recipients
ending in a spontaneous abortion or fetal death were excluded from the analysis).

pregnancy was 4.5 ng/mL (range = 1.5-10.0 ng/mlL).
No immunosuppressive drugs were administered dur-
ing 3 pregnancies at the time of the pregnancy diagno-
sis because of auxiliary partial orthotopic LT (1
pregnancy in 1 recipient) or the discontinuation of
drugs after LDLT in childhood (2 pregnancies in 1
recipient). The serum creatinine levels at the diagnosis
of pregnancy were available for 32 pregnancies (24
recipients), and they were within the reference range.

Pregnancy Outcomes

Thirty-eight pregnancies in 30 recipients resulted in 31
live births (81.6%) for 25 recipients, 3 artificial abor-
tions for 3 recipients, 1 spontaneous abortion for 1
recipient, and 3 fetal deaths for 3 recipients (Fig. 1).
Artificial abortions were performed in the first trimester
because of MMF use in 1 pregnancy (1 recipient), siroli-
mus use in 1 pregnancy (1 recipient), and a short time
after LDLT (356 days) in 1 pregnancy (1 recipient).

Obstetric Complications

After the exclusion of the 3 artificial abortions in 3
recipients, there were 35 pregnancies in 27 recipients:
a spontaneous abortion occurred during 1 pregnancy
(2.9%) in 1 recipient, and fetal death occurred during
3 pregnancies (8.6%) in 3 recipients as previously
described (Table 2). Pregnancy-induced hypertension

developed during 6 pregnancies (17.1%) in 5 recipi-
ents, fetal growth restriction developed during 7 preg-
nancies (20.0%) in 6 recipients, and ileus developed
during 1 pregnancy in 1 recipient. Liver dysfunction
[elevated serum activities of aspartate aminotransfer-
ase (AST), alanine aminotransferase (ALT), and/or
gamma-glutamyl transpeptidase (y-GTP)] was detected
during 4 pregnancies in 4 recipients. Acute rejection,
diagnosed by liver biopsy (rejection activity index = 2)
and laboratory test results, occurred in 2 of these 4
recipients; an increased dose of cyclosporine and ste-
roid pulse therapy was given to 1 recipient, and an
increased dose of tacrolimus was administered to 1
recipient. Other obstetric complications such as ges-
tational diabetes, infections, placental abruption, and
thromboembolic disorders did not occur in any recipi-
ent. Two recipients did not receive immunosuppres-
sive drugs, and for the one who underwent auxiliary
partial orthotopic LT, fetal death occurred because of
umbilical cord coiling. In another patient (2 pregnan-
cies), no complications developed during pregnancy.

In 1 of the 8 recipients who were pregnant twice,
the second pregnancy resulted in a spontaneous
abortion (at 7 weeks of gestation), although the first
pregnancy was uneventful. Another recipient had
pregnancy-induced hypertension in both the first and
second pregnancies; fetal death ended the first preg-
nancy (at 25 weeks), and fetal growth restriction
occurred during the second pregnancy.
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Figure 2. Clinical course of recipients suffering acute rejection after

(rejection activity index = 4).

Delivery Outcomes

There were 31 pregnancies in 27 recipients, and pre-
term delivery (<37 weeks) occurred for 10 of these
pregnancies (32.3%) in 10 recipients. Cesarean deliv-
ery was performed for 12 pregnancies (38.7%) in 12
recipients because of pregnancy-induced hyperten-
sion (6 pregnancies in 6 recipients), hypotonic con-
traction during labor (1 pregnancy in 1 recipient),
transient bradycardia of the fetus (1 pregnancy in 1
recipient), ileus (1 pregnancy in 1 recipient), previous
multiple abdominal operations (1 pregnancy in 1
recipient), previous cesarean delivery (1 pregnancy in
1 recipient], and the recipient’s will {1 pregnancy in 1
recipient).

After delivery, liver dysfunction (elevated serum
activities of AST, ALT, and/or y-GTP) occurred during
4 pregnancies (4 recipients), and acute rejection, diag-
nosed by liver biopsy (rejection activity index = 2-4),
occurred within 4 months of LDLT in 3 of these 4
recipients. For acute rejection, steroid pulse therapy
was administered to 2 recipients, and a steroid and
MMEF were added to tacrolimus therapy for 1 recipient
(Fig. 2). The recipients’ liver function improved with
these treatments. In 1 recipient, artificial respiration
was necessary because of acute respiratory distress
syndrome after delivery, and renal dysfunction per-
sisted after recovery. Puerperal fever developed in 1
recipient. The pregnancy-induced hypertension
improved after delivery in all recipients who had
hypertension during pregnancy. In 1 recipient,
retransplantation was performed because of the

Months after delivery

delivery. Acute rejection was diagnosed with a second liver biopsy

recurrence of primary sclerosing cholangitis 5 years
after delivery.

There were 31 live births, and neonatal asphyxia
occurred in 1 neonate. Twelve neonates were born
with low birth weights (<2500 g), and 4 of the 12 low-
birth-weight neonates were born with extremely low
birth weights (<1500 g). Although intracranial bleed-
ing developed after delivery in 1 neonate with an
extremely low birth weight, the condition improved
without complications.

One neonate had tetralogy of Fallot, and 1 neonate
had hypospadias.

Risk Factors for Obstetric Complications,
Delivery Outcomes, and Birth Defects

Relationships between the mean trough level of tacro-
limus and obstetric complications, delivery outcomes,
and birth defects were not found.

Relationships between the age at the diagnosis of
pregnancy and complications during pregnancy were
studied with ROC curves. The AUC was 0.784 (95%
CI = 0.613-0.905) for pregnancy-induced hyperten-
sion (Fig. 3A). The optimal cutoff value was 33 years
(sensivitity = 83.3%, specificity = 69.0%). No signifi-
cant relationship was found between the age at preg-

-nancy and other complications such as spontaneous

abortion, fetal death, fetal growth restriction, and liver
dysfunction. The incidence of pregnancy-induced
hypertension in recipients who were 33 years old or
older at the diagnosis of pregnancy was significantly
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Figure 3. ROC curves for pregnant recipients: (A) age at the diagnosis of pregnancy and pregnancy-induced hypertension, (B) interval
from LT to pregnancy and fetal growth restriction, (C) interval from LT to pregnancy and pregnancy-induced hypertension, and (D)

interval from LT to pregnancy and extremely low birth weight.

higher than the incidence in recipients who were less
than 33 years old at the diagnosis of pregnancy (P
value = 0.0278 according to Fisher's exact test).
Relationships between the interval from LDLT to
pregnancy and delivery outcomes were studied with
ROC curves. The AUC was 0.801 (95% CI = 0.632-
0.916) for fetal growth restriction (Fig. 3B). The opti-
mal cutoff value was 1096 days (sensitivity = 71.4%,
specificity = 82.1%). The AUC was 0.822 (95% CI =
0.656-0.930) for pregnancy-induced hypertension
(Fig. 3C). The optimal cutoff value was 1096 days
(sensitivity = 83.3%, specificity = 82.8%). The AUC
was 0.759 (95% CI = 0.573-0.893) for extremely low

birth weight (Fig. 3D). The optimal cutoff value was
1096 days (sensitivity = 75.0, specificity = 81.5%).
No significant relationship was found between the
interval and other factors, including spontaneous
abortion, fetal death, liver dysfunction, and preterm
delivery.

The obstetric complications and delivery outcomes
were compared for 10 pregnancies for which the inter-
val from LT to pregnancy was <3 years (the early
group) and 25 pregnancies for which this interval was
>3 years (the late group) because the optimal cutoff
value was 1096 days according to the analysis using
ROC curves (Table 2). The 3 pregnancies for which
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artificial abortions were performed in the first trimes-
ter were excluded from this comparison. The mean
age at pregnancy was significantly higher for the early
group versus the late group. The proportions of recipi-
ents with fetal growth restriction and pregnancy-
induced hypertension were significantly higher in the
early group versus the late group. The proportion of
neonates with extremely low birth weight was signifi-
cantly higher in the early group versus the late group.
The incidence of pregnancy-induced hypertension in
recipients in the early group who were 33 years old or
older at the diagnosis of pregnancy (5/8 pregnancies
or 62.5%) was significantly higher than the incidence
in recipients in the late group who were less than 33
years old at the diagnosis of pregnancy (1/19 pregnan-
cies or 5.3%, P = 0.0037) and the incidence in recipi-
ents in the late group who were 33 years old or older
at the diagnosis of pregnancy (0/6 pregnancies, P =
0.031); the incidence of pregnancy-induced hyperten-
sion was highest in recipients in the early group who
were 33 years old or older at the diagnosis of preg-
nancy (interval from LDLT to pregnancy < 3 years).

DISCUSSION

An increased risk of complications, including prema-
turity, low birth weight, pregnancy-induced hyperten-
sion, renal dysfunction, and cesarean delivery, has
been reported in previous studies of pregnancy in LT
recipients (most patients have undergone cadaveric
LT).1~24-

In this study, pregnancy-induced hypertension
developed during 6 pregnancies (17.1%) in 5 recipi-
ents. Shiozaki et al.?® reported that pregnancy-
induced hypertension was present in 1.2% of preg-
nancies (2802/241,292) in the Japan Society of
Obstetrics and Genecology database. The incidence of
pregnancy-induced hypertension seems to be higher
in LDLT recipients versus the general population. Sev-
eral studies have reported that pregnancy-induced
hypertension is common among LT recipients {11%-
430), 1-3-6.10,11.13,17,20.23.24 Ty incidence of
pregnancy-induced hypertension in LDLT recipients
(17.1%) was similar to the incidence in cadaveric LT
recipients. On the other hand, pregnancy-induced
hypertension did not occur in 1 recipient (2 pregnan-
cies) who did not receive immunosuppressive drugs
during pregnancy. This complication has been shown
to occur more frequently in LT recipients with renal
dysfunction.’*!? Although no relationship between
the mean trough levels of tacrolimus and pregnancy-
induced hypertension was observed in this study,
underlying renal dysfunction'! and the vasoconstric-
tive effects of calcineurin inhibitors may affect hyper-
tension. In addition, it is necessary to pay attention
when the recipient’s age at the diagnosis of pregnancy
is >33 years.

In this study, a spontaneous abortion ended 1 preg-
nancy (1 recipient), and fetal death ended 3 pregnan-
cies (3 recipients). Coffin et al.?® reported that infants

of LT recipients had a 3-fold risk of complications,
most notably fetal death (6% versus 2% in controls).
Among 241 pregnancies in LT recipients described in
the National Transplantation Pregnancy Registry in
2008,3 19.2% and 2.1% ended in spontaneous abor-
Hons and stillbirths, respectively. The maternal and
fetal conditions might affect the rates of spontaneous
abortion and fetal death. Another adverse fetal outcome
noted in this study was fetal growth restriction in 7
pregnancies (20.0%). The incidence of complications
appears to be higher in these individuals versus the
general population.?® However, the mechanisms under-
lying the high incidences of spontaneous abortion, fetal
death, and fetal growth restriction are unclear.

Several previous studjes have reported a high inci-
dence of preterm delivery (14%-53%).13%%
10.18,14,17,18.20.23.24 1 this study, preterm delivery
(<37 weeks) occurred in 10 pregnancies (32.3%). The
proportion of preterm deliveries seemed to be high
because the database of the Japan Society of Obstet-
rics and Genecology indicated that the rate of threat-
ened premature delivery was 2.34%.°° Preterm
delivery might be related to maternal conditions such
as hypertension and fetal conditions such as fetal
growth restriction.

Several previous studies have shown that cesarean
delivery is more common among transplant recipi-
ents, +6:10:13.15-17.20.28.24 1, thjs study, cesarean deliv-
ery was performed for 12 of 31 pregnancies (38.7%).
The indications for cesarean delivery included
pregnancy-induced hypertension, hypotonic contrac-
tion during labor, transient bradycardia, ileus, multi-
ple previous abdominal operations, previous cesarean
delivery, and the recipient’s will. Thus, it is likely that
the high rate of cesarean delivery was attributable to
pregnancy complications rather than LT itself.

Acute rejection is an important problem during and
after pregnancy because rejection may induce graft
loss. In fact, the National Transplantation Pregnancy
Registry (2006) reported that 7% of pregnancies were
complicated by acute rejection, and 8% of individuals
lost their grafts within 2 years of delivery.’ Other
studies have reported that rejection rates during preg-
nancy are 0% to 17%.2°6:9:10.13.15-17.20.23 [t hag heen
reported that rejection episodes up to 3 months after
delivery are a risk factor for graft loss after delivery.5”
Kainz et al.>! reported that rejection was followed by
preeclampsia, renal impairment, and infection. In this
study, acute rejection occurred in 2 recipients during
pregnancy and in 3 recipients after delivery (within 4
months of delivery), although these patients had no
renal dysfunction. All recipients were successfully
treated with an increased dose of tacrolimus and/or
the addition of corticosteroids or MMF, and graft loss
did not occur. Thus, adequate treatment for acute
rejection can prevent graft loss, although close follow-
up of pregnant recipients is necessary even after
delivery, especially when the recipients have renal
dysfunction. )

Congenital malformations in live-born neonates
have been reported to occur in 3% of the
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nontransplant population.® In transplant recipients,
the incidence of congenital malformations has been
reported to be 4% with corticosteroids,3? 7% with aza-
thioprine,®® 3% with cyclosporine,®® and 4% with
tacrolimus.'* Kainz et al.®! reported that 4 neonates
presented with malformations among 100 pregnancies
in which the mother was treated with tacrolimus. In
the present series, most recipients received
tacrolimus-based therapy, and 2 of the 31 neonates
(6.4%) had congenital malformations (tetralogy of Fal-
lot and hypospadias). A higher incidence of structural
malformations was observed with MMF exposure dur-
ing pregnancy.®* This agent is classified as pregnancy
category D (there is positive evidence of fatal risk to
humans, but potential benefits may warrant the use
of the drug in pregnant women despite the potential
risk; there is evidence of fetal risk).*® No structural
defects have been reported with early-pregnancy siro-
limus exposure to date. In this study, artificial abor-
tions were performed in 2 recipients to whom MMF or
sirolimus was administered. Calcineurin inhibitors
are classified as pregnancy category C {animal repro-
ductive studies have shown an adverse effect on the
fetus or are lacking, and there are no adequate and
well-controlled studies in humans, but the potential
benefits may warrant the use of the drug in pregnant
women despite the potential risks; fetal risk cannot be
ruled out).?® Thus, calcineurin inhibitor-based ther-
apy, including cyclosporine and tacrolimus, is favor-
able for pregnant recipients.

Although there is no established optimal interval
between LT and pregnancy, a report from the National
Transplantation Pregnancy Registry and the American
Society of Transplantation recommended that LT
recipients wait a minimum of 1 year before conception
to stabilize graft function and immunosuppressant
dosage. Christopher et al.'® reported that pregnancies
occurring within 1 year of LT had an increased inci-
dence of prematurity, low birth weight, and acute
rejection in comparison with those occurring more
than 1 year after LT. Nagy et al.'® reported that the
risk of complications during pregnancy is low when
liver LT recipients become pregnant more than 2
years after LT because the recipients have stable and
normal hepatic function and normal renal function,
and immunosuppressive therapy is at a maintenance
dosage. The results of the National Transplantation
Pregnancy Registry (2008) showed that the incidence
of very-low-birth-weight neonates in pregnancies
within 2 years of LT was higher than the incidence in
pregnancies more than 5 years after LT.> A higher
incidence of rejection was also reported for recipients
who were pregnant 1 to 2 years after LT. These results
indicate better outcomes for recipients and infants
with pregnancies occurring at least 2 years after LT.
In this study, the incidences of fetal growth restric-
tion, pregnancy-induced hypertension, and neonates
with extremely low birth weights were significantly
higher in the early group (<3 years after LDLT) versus
the late group (>3 years after LDLT). In addition, the
incidence of pregnancy-induced hypertension was

higher for recipients who were 33 years old or older at
the diagnosis of pregnancy versus recipients who were
less than 33 years old. Thus, it is necessary to pay
careful attention to complications during pregnancy
when a recipient becomes pregnant within 3 years of
LDLT, particularly if the age at the diagnosis of preg-
nancy is >33 years.

The pregnancy outcomes of LDLT recipients were
similar to those of cadaveric LT recipients. Although
most pregnancy outcomes are favorable, special atten-
tion should be given to obstetric complications such
as pregnancy-induced hypertension, spontaneous
abortion, fetal death, fetal growth restriction, preterm
delivery, cesarean delivery, and acute rejection. It is
difficult to draw definitive conclusions from this study
because the number of recipients in this study was
too small, and this survey might not reflect all preg-
nant recipients. Thus, it is necessary to analyze the
outcomes after pregnancy in larger studies with pro-
spective registration to establish and improve the clin-
ical management of pregnancy in LT recipients.
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Abstract

Background The present study aimed to evaluate etiol-
ogy-based differences in the risk of waiting list mortality,
and to compare the current Japanese transplant allocation
system with the Child-Turcotte—Pugh (CTP) and the
Model for End-Stage Liver Disease (MELD) scoring sys-
tems with regard to the risk of waiting list mortality in
patients with primary biliary cirrhosis (PBC).

Methods Using data derived from all adult candidates for
deceased donor liver transplantation in Japan from 1997 to
2011, we assessed factors associated with waiting list
mortality by the Cox proportional hazards model. The
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waiting list mortality risk of PBC patients was further
estimated with adjustment for each scoring system.
Results Of the 1056 patients meeting the inclusion cri-
teria, 743 were not on the list at the end of study period;
waiting list mortality was 58.1 % in this group. In multi-
variate analysis, increasing age and PBC were significantly
associated with an increased risk of waiting list mortality.
In comparison with patients with hepatitis C virus (HCV)
infection, PBC patients were at 79 % increased risk and
had a shorter median survival time by approximately
8 months. The relative hazard of PBC patients was statis-
tically significant with adjustment for CTP score and
medical point score, which was the priority for ranking
candidates in the Japanese allocation system. However, it
lost significance with adjustment for MELD score. Strati-
fication by MELD score indicated a comparable waiting
list survival time between patients with PBC and HCV.
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Conclusions PBC patients are at high risk of waiting list
mortality in the current allocation system. MELD-based
allocation could reduce this risk.

Keywords: Child-Turcotte—Pugh -
Liver transplantation - Model for End-Stage Liver Disease

Introduction

Liver transplantation is the only curative treatment option
with excellent long-term results in patients with end-stage
liver diseases. At present, the number of patients waiting to
undergo liver transplantation is increasing in Japan, as well
as in both Europe and the United States. However, many
patients are dying on the waiting list because of the donor
organ shortage. For example, recent waiting list mortality
was reported as being 22.8 % in the United States [1].
Management of liver transplant waiting lists is aimed at
minimizing waiting list deaths by prioritization of those
with a higher mortality risk, and by ensuring allocation of
available organs to these patients. Therefore, prioritization
and allocation decisions require the accurate prediction of
the survival probability of patients.

The indications for liver transplantation include a wide
variety of liver diseases, including viral hepatitis, autoim-
mune hepatitis, cholestatic disease, metabolic disorders,
and hepatic neoplasms. Because each type of liver disease
has disease-specific therapeutic options and associated risk
of complications, liver disease etiology can influence the
patient’s natural disease course and risk of death. More-
over, disease-specific clinical tools are widely used to
determine prognosis in patients with primary biliary cir-
rhosis (PBC) [2, 3] and primary sclerosing cholangitis [4].
However, it is uncertain whether patients waiting for liver
transplantation have a disease-specific risk for waiting list
mortality, and whether the ability of the currently used
allocation system to assess the urgency of transplantation
could be generalized to every patient with heterogeneous
etiology.

By consensus, a disease severity index used to allocate
liver donor organs should be able to predict the probability
of death in patients with end-stage liver diseases of heter-
ogeneous etiology. In the United States, where a large
number of patients are registered for liver transplantation,
the Child-Turcotte-Pugh (CTP) score [5] was initially
applied to assess the severity of liver disease in the United
Network for Organ Sharing (UNOS) allocation algorithms,
because of its simplicity and recognized ability to assess
prognosis in patients with heterogeneous chronic liver
disease. Subsequently, a number of studies have demon-
strated the accuracy of the Model of End-Stage Liver
Disease (MELD) score [6] in predicting short-term

mortality risk in patients with end-stage liver disease [7-9].
Since February 2002, the MELD score has therefore been
used as a UNOS criterion for allocating organs to patients
waiting for liver transplantation [10].

On the other hand, in the countries with a small number
of registrations for liver transplantation, a system of pri-
oritization based on a detailed clinical review, which
includes CTP score, MELD score, and other disease-spe-
cific prognostic scores, as well as patients’ demographics,
laboratory data, and disease histories, by a small number of
expert clinicians is likely to be used to judge disease
severity and potential mortality accurately. This clinical
judgment-based prioritization of patients awaiting liver
transplantation was initiated in October 1997 in Japan and,
at present, little information is available concerning the
prognostic ability of this allocation system.

The aims of the present retrospective study were: (1) to
clarify the disease-specific risk for waiting list mortality in
patients waiting for liver transplantation; and (2) to com-
pare the current system of waiting list prioritization and
organ allocation in Japan with the MELD and CTP scoring
systems with regard to the risk in PBC patients, who have
the highest risk of waiting list mortality.

Patients and methods
Patients and liver allocation policy in Japan

This was a nationwide retrospective cohort study. We used
the Japan Organ Transplant Network (JOT)/the Assessment
Committee of Indication for Transplantation database to
identify all patients listed for deceased donor liver trans-
plantation in Japan between October 15, 1997 and August
31, 2011. We excluded patients who were less than
18 years of age because they had a spectrum of primary
diagnoses substantially different from those of patients
older than 18 years. We also excluded patients listed for
retransplantation to ensure that all observations represented
unique individuals. Finally, we excluded patients who were
diagnosed with acute liver failure because these patients
rarely have chronic liver disease and are assigned the
highest priority.

For JOT registration, the demographic, clinical, and
laboratory data including CTP score, MELD score, or
disease-specific prognostic score of all candidates are
reviewed, and each candidate is assigned a clinical priority
by the Assessment Committee of Indication for Trans-
plantation (four physicians, five surgeons, and one pedia-
trician). The priority of candidates is represented by a
medical point system, in which points are awarded
according to estimated survival: 9 points for estimated
survival <30 days, 6 points for <180 days, 3 points for
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<360 days, and 1 point for >360 days. In patients with
hepatocellular carcinoma, the points were determined only
by the degree of hepatic decompensation. Additional points
are awarded according to ABO blood group compatibility:
1.5 points for an identical blood group and 1 point for a
compatible blood group. Patients with higher total points
have a higher priority for donor liver allocation. For
patients with identical points, waiting time is a liver allo-
cation measure.

Age of the patient, blood type, etiology of liver disease,
and medical point at listing were available for all the patients.
Detailed demographic, clinical, laboratory data, including
CTP score and MELD score at the time of listing, were
available only in patients registered since June 22, 2006. The
CTP score uses two clinical variables (ascites and encepha-
lopathy), and three laboratory parameters (serum bilirubin
and albumin levels and prothrombin time). Each variable is
assigned a score from 1 to 3, with the aggregate score rep-
resenting the CTP score [5]. Although the original CTP score
used different criteria for total bilirubin level between
patients with cholestatic disease and those with other etiol-
ogies, the criteria for the CTP score in the current Japanese
allocation system did not change according to the etiology of
liver disease. The MELD score was calculated using the most
recent version of the formula documented on the UNOS
website [11]: 9.57 x log.(creatinine mg/dL) + 3.78 x
log.(bilirubin mg/dL) + 11.2 x log.(international normal-
ized ratio [INR]) + 6.43, rounded to the nearest integer.
Liver disease etiology was not incorporated in this version of
the formula. Laboratory values less than 1.0 were set to 1.0
and the maximum serum creatinine was set to 4.0 mg/dL.
The serum creatinine was set to 4.0 mg/dL if the patients had
received dialysis at least twice within the week prior to the
serum creatinine test. The MELD score was not capped at a
score of 40. In PBC patients, the spontaneous survival pre-
dicted by the updated Mayo model was calculated as
described previously [3].

Outcome

The patients’ follow-up ended on 30 September 2011. The
primary endpoint “waiting list mortality” or “waiting list
death” was a combination of death and removal from the
waiting list because the patient became too sick for trans-
plantation or was otherwise medically unsuitable. We
considered patients who were removed from the transplant
list on account of clinical deterioration to be equivalent to
patients who died, because these chronic liver diseases are
almost uniformly fatal in the short term without trans-
plantation. All other outcomes were censored, with the
most common censoring events being transplantation or list
removal due to an improvement in the patient’s condition
resulting in the patient no longer requiring transplantation.
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Statistical analysis

Cox proportional hazards ratios (HRs) with 95 % confi-
dence intervals (CI) for waiting list mortality were esti-
mated with univariate models using age, gender, blood
type, etiology of liver disease, as well as multivariate
models using age and etiology of liver disease. To compare
patients’ characteristics between chronic hepatitis C virus
(HCV) infection and PBC, we used the Mann—Whitney
U test for numerical variables or the chi-square test for
categorical variables. The HRs with 95 % CI for waiting
list mortality of PBC patients were adjusted for each dis-
ease severity index, such as medical point, CTP score, and
MELD score by bivariate Cox proportional hazards mod-
els. The rates of survival were estimated by the Kaplan—
Meier method, and compared by log-rank test. All analyses
were conducted using IBM SPSS version 19 (IBM SPSS,
Chicago, IL, USA). A P value below 0.05 was considered
to be statistically significant.

Results
Patient characteristics and outcome

A total of 1,407 patients were listed for deceased donor
liver transplantation through the JOT registry during the
study period. Of these patients, 1,295 (92.0 %) were aged
>18 years. The etiology of liver disease in these subjects is
shown in Table 1. The most prevalent diagnoses in patients
>18 years were HCV infection (254 of 1,295, 19.6 %),
hepatitis B virus infection (157 of 1,295, 12.1 %), and PBC
(156 of 1,295, 12.0 %), and these accounted for 43.7 % of
all patients >18 years. Of 1,295 patients, 239 were
excluded from the study: 142 for acute liver failure and 97
for repeat liver transplant. Thus, a total of 1,056 patients
formed the study cohort. In the study cohort, 64 % of
patients were men and the median age of all patients was
51 years (range, 18—69 years). At listing, 78 patients were
registered at medical point 1, 297 at point 3, 682 at point 6,
and 29 at point 9. A flow diagram of the patient outcomes
is shown in Fig. 1. At the end of study period, 313 patients
were still listed and 743 had been removed from the list,
with 267 removed for liver transplantation, 378 for death,
and 98 for other reasons, including 54 who were too sick,
11 for improvement in their condition, and 33 for an
unknown reason. Of the 267 patients who received liver
transplantation, only 81 cases were able to receive
deceased donation in Japan, and this accounted for 10.9 %
of all patients removed from the list. Waiting list mortality,
a combination of death and becoming too sick for trans-
plantation, accounted for 58.1 % of all the patients
removed from the list.
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Factors associated with waiting list mortality

In univariate analysis, age, biliary atresia, PBC, hepato-
cellular carcinoma, metabolic diseases, polycystic diseases,

Table 1 Etiology of liver disease

Total >18 years <18 years
n=1407) (=129 (n=112)
Cholestatic diseases 381 325 56
BA 93 48 46
PBC 156 156 0
PSC 105 99 6
Caroli disease 8 7 1
Others 18 15 3
Hepatocellular diseases 567 565 2
HCV 254 254 0
HBV 157 157 0
HCV and HBV 8 8 0
Alcoholic 43 43 0
ATH 22 22 0
NASH 25 25 0
Cryptogenic cirrhosis 53 51 2
HCC 76 76 0
Acute liver failure 163 142 21
Graft failure 121 97 24
Vascular disease 12 12 0
Metabolic disease 62 53 9
Polycystic disease 24 24 0
Others 1 1 0

AIH autoimmune hepatitis, BA biliary atresia, HBV hepatitis B virus,
HCC hepatocellular carcinoma, HCV hepatitis C virus, NASH non-
alcoholic steatohepatitis, PBC primary biliary cirrhosis, PSC primary
sclerosing cholangitis

and vascular diseases showed statistically significant
association with waiting-list mortality. In multivariate
analysis, age (HR 1.04; 95 % CI 1.03-1.05, P < 0.001),
PBC (HR 1.79; 95 % CI 1.34-2.39, P < 0.001), and
polycystic diseases (HR 0.27; 95 % CI 0.10-0.73,
P = 0.01) were independently associated with waiting list
mortality (Table 2). Hence, PBC patients had a 79 %
higher risk of waiting list mortality compared with HCV
patients with adjustment for age.

Waiting list mortality of PBC patients

The Kaplan-Meier waiting list survival curves for all PBC
and HCV patients are shown in Fig. 2. The 1- and 2-year
survival probabilities in HCV patients were 63 and 49 %,
respectively (median 631 days, 95 % CI 355-907 days),
whereas those in PBC patients were 51 and 33 %, respec-
tively (median 392 days, 95 % CI 283-500 days); the dif-
ferences between them represented a statistically significant
difference (log-rank test, P < 0.001). Detailed demographic
and clinical characteristics were available in 189 of 254 HCV
patients and 81 of 156 PBC patients who were registered
after June 2006. A comparison of the characteristics of
patients with PBC and HCV is shown in Table 3. In com-
parison with HCV patients, PBC patients were younger and
predominantly female. Patients with PBC had significantly
higher platelet counts and serum bilirubin values, and lower
INR and serum creatinine values. Neither the CTP score nor
the medical point at listing was different between the groups.
Conversely, the MELD score at listing was significantly
higher in patients with PBC than in those with HCV. In
addition, the median of the updated Mayo risk score was 9.4
in the PBC patients, and this predicted 1- and 2-year spon-
taneous survival rates of 74 and 54 %, respectively.

Fig. 1 Flow diagram of patient
outcomes. DDLT deceased
donor liver transplantation,

1056 adultpatients
inciuded

LDLT living donor liver

transplantation, LT liver
transplantation 313 still listed 743 removed
378 died l 267LT ] 98 withdravwn
l”""”!-m" L 1 " i
107DDLT 160 LDL’I‘] [;too sick u recovu] 33 ofher
reason
[ 81 domestic 26 abroad
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Table 2 Univariate and multivariate analysis of variables associated
with waiting list mortality

Table 3 Comparison of patient characteristics between HCV and
PBC

Variables Univariate Multivariate
HR 95% CI Pvalue HR 95%CI P value
Age (per yearof 1.04 1.03-1.05 <0.001 1.04 1.03-1.05 <0.001
age)
Male gender 093  0.77-1.13 0.48
Blood type
A 1.00  Reference
B 1.07 0.83-1.43 0.61
o] 113 0.90-143 0.29
AB 126 0.90-1.77 0.17
Etiology
HCV 1.00  Reference
BA 040 022-0.72 0.002
PBC 162 121-2.16 0001 179 134239 <0.001
PSC 079 054-1.17 024
HBV 077  056-1.05 0.10
Alcohol 095 059-153. 083
AH 077 034-174 052
NASH .11 0.76-1.63 0.59
HCC 146  1.05-2.05 0.003
Metabolic 040 022-075 0.004
disease .
Polycystic 026 0.10-070 0008 027 0.10-073 001
disease
Vascular 0.009 0.01-0.67 0.002
disease
Others 070  0.34-1.43 0.33

AIH autoimmune hepatitis, BA biliary atresia, HBV hepatitis B virus, HCC
hepatocellular carcinoma, HCV hepatitis C virus, HR hazard ratio, NASH non-
alcoholic steatohepatitis, PBC primary biliary cirrhosis, PSC primary scleros-
ing cholangitis
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Fig. 2 Kaplan—Meier curves comparing the cumulative waiting list
survival probability of patients with chronic hepatitis C (HCV,
n = 254) and primary biliary cirrhosis (PBC, n = 156)
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Variable HCV (n = 189) PBC (n = 81) P value

Age (years) 55 (29-69) 52 (27-69) 0.02*

Gender 143/46 15/66 <0.001°
(male/female)

Platelet count 6.0 (1.7-49.0) 10.2 (2.2-42.3) <0.001*
(x10%uL)

Albumin (g/dL) 2.8 (1.8-4.4) 2.8 (144.2) 0.96

Total bilirubin 2.7 (0.4-39.8) 7.2 (0.7-41.2) <0.001*
(mg/dL)

Creatinine 0.78 (0.4-7.4) 0.67 (0.37-2.83)  <0.001*
(mg/dL)

Prothrombin 547 (11.0-103.0) 62.2 (16.0-120.0)  0.001*
time (%)

INR 1.51 (0.98-6.24)  1.32 (0.91-4.31) 0.001°

MELD score 15 (7-52) 17.5 (8-39) 0.0022

CTP score 10 (6-15) 10 (5-15) 0.27*

Medical point  54/135 22/59 0.81°
q, 3/6, 9)

Data are shown as median (range). Data were available for patients
who were listed after June 22, 2006

CTP Child-Turcotte-Pugh, HCV hepatitis C virus, INR international
normalized ratio, MELD model of end-stage liver disease, PBC pri-
mary biliary cirrhosis

* Mann-Whitney U test

b Chi-square test

3.5+
3 )
= 2.5 215
'ﬁ = (142825)
Lo 21 152 21N
B8 121216 158
58 1.54 P-0201 “;fnﬁs) 129
o @57191)
1- P=021
0.5

Adjusted for Adjusted for CTP  Adjusted for
medical point score MELD score

Crude

Fig. 3 Adjusted risk of waiting list mortality for patients with
primary biliary cirrhosis compared with patients with chronic
hepatitis C

To examine which disease severity index was able to assess
the risk of PBC patients accurately, we estimated their relative
hazards with adjustment for each index. We did not estimate
age-adjusted relative hazard because age was not included in
the allocation measures. Figure 3 indicates the crude and dis-
ease severity index-adjusted HR for waiting list mortality of
PBC patients with reference to HCV patients. In univariate
analysis, PBC patients were at 62 % (HR 1.62; 95 % CI
1.21-2.16, P = 0.001) increased risk of waiting list mortality
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compared with HCV patients. In bivariate analysis, the medi-
cal point-adjusted HR of waiting list mortality of PBC patients
was significantly higher than that of HCV patients (HR 1.58;
95 % CI 1.07-2.35, P = 0.02). The CTP score-adjusted HR
also showed a significantly increased risk of waiting -list
mortality in PBC patients (HR 2.15; 95 % CI 1.42-3.25,
P < 0.001). However, the MELD score-adjusted HR did not
show a statistically significant risk of waiting list mortality in
PBC patients (HR 1.29; 95 % CI 0.87-1.91, P = 0.21).
Waiting list survival of patients with HCV and PBC was
compared with stratification by each of the disease severity
indices (Fig. 4). Patients with medical point 6, for which
most PBC and HCV patients were registered, showed a
significantly shorter waiting list survival for PBC patients
than of HCV patients (median 261 vs. 503 days,
P = 0.02). In patients with CTP score >10, the score
classified as C, the shorter waiting list survival of PBC
patients was also significant (median 235 vs. 475 days,
P = 0.03). On the other hand, when they were selected by
MELD >15, the score indicating patients who can be
expected to achieve improved survival with liver trans-
plantation [12], there was no significant difference in the
waiting list survival rate between them (P = 0.13).

Discussion

The result of this study clearly indicated that the most
common reason for removal from the waiting list in Japan
was “waiting list death”, which was a combination of

death and becoming too sick for transplantation. The
waiting list death included 58.1 % of all the patients
removed from the list. In the United States, a recent report
indicated that waiting list death was the reason for removal
from the list in 25.9 % of adult patients [1]. Although this
report included patients with acute liver failure and re-
transplantation, high waiting list mortality in Japan was
evident. Thus, the high mortality rate on the liver transplant
waiting list is a major challenge in Japan. Moreover, severe
donor organ shortage in Japan should contribute to the high
waiting list mortality [13]; an improved organ allocation
policy will be necessary to cause a decrease in waiting list
death.

In this study, we found that PBC patients had a signif-
icantly higher risk of waiting list mortality compared with
patients with other etiologies in the JOT registry. Since
PBC is currently the third most common diagnosis in the
JOT registry for liver transplantation, poor waiting list
survival of PBC patients would contribute to the high
waiting list mortality in Japan. PBC is a cholestatic liver
disease that causes bile duct deterioration and progresses
slowly to a terminal phase characterized by hyperbilirubi-
nemia, signs of decompensated cirrhosis, ascites, and var-
iceal bleeding. Only one type of medical therapy, involving
the use of ursodeoxycholic acid (UDCA), is now widely
recognized to improve the prognosis of PBC patients.
Many studies have shown that UDCA therapy not only
improves biochemical indices, but also delays histologic
progression and improves survival without transplantation
[14-16]. However, evidence has also accumulated that the
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favorable effect of UDCA therapy is limited to patients
with early-stage disease. In histologically advanced
patients or biochemical non-responders, the transplant-free
survival rate of UDCA-treated patients was not different
from spontaneous survival [16, 17]. This means that PBC
patients have no effective medical therapeutic option to
prolong their survival when they have progressed to end-
stage liver disease, and liver transplantation remains the
only hope of a cure [18, 19]. PBC patients in our cohort
also showed a consistently poor survival of a median per-
iod of 392 days.

The reason why PBC patients have a higher risk for
waiting list mortality compared with patients with other
etiologies of chronic liver disease is not clearly understood.
Interestingly, PBC patients were younger, and their INR
and serum creatinine levels were lower than for HCV
patients at registration. This indicated that neither age nor
liver and renal function at registration alone caused poor
waiting list survival of PBC patients; the registration of
PBC patients was not later than that for HCV patients. The
rate of disease progression and lethal complications might
be involved in their short waiting list survival rate. More-
over, the actual waiting list survival rate in PBC patients
was not greater than the updated Mayo score-predicted
spontaneous survival rate. This observation indicated that
the PBC patients on the waiting list were refractory to the
medical therapy and their waiting list survival suddenly
deteriorated. Further analyses, particularly on the cause of
death, are required to clarify the pathophysiology of PBC
patients who have progressed to end-stage liver disease.

In general, deceased domor livers are allocated for
transplantation on the basis of “sickest first”, i.e., those
who are more likely to die without a liver transplantation
are assigned the highest priority. Therefore, the disease
severity index used in the liver allocation system should
consider the urgency of PBC patients for liver transplan-
tation. However, our results have clarified the inability of
the currently used Japanese allocation system to identify
the risk of PBC patients. The medical point-adjusted HR of
PBC patients revealed that they were at 58 % increased
risk of waiting list mortality compared with HCV patients.
In addition, the CTP score-adjusted HR showed that PBC
patients were at 115 % increased risk for waiting list
mortality. Thus, it is not only the current allocation system
but also the CTP score-based allocation that cannot capture
the risk for waiting list mortality in PBC patients. On the
other hand, we found that the MELD score-adjusted HR of
PBC patients lost statistical significance, and stratification
by MELD score revealed comparable survival curves
between patients with PBC and HCV. These results indi-
cated that PBC patients had a similar risk of waiting list
mortality compared with patients with other etiologies
when they were stratified by MELD score. At the time of
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registration, the patients with HCV and PBC had different
characteristics; however, only the MELD score accurately
evaluated their disease severity, and therefore, MELD-
based allocation would adequately assign priority to the
patients according to their risk of waiting list mortality.
Thus, our results demonstrated that the MELD score was
superior to both the current Japanese allocation and CTP
score-based allocation for ranking patients in the JOT
registry by their risk of waiting list mortality.

In addition, patients should be re-evaluated according to
their chronological change of hepatic failure to improve
allocation. However, most patients with chronic liver disease
were waiting at medical point 6 as an upper limit, because the
highest priority at medical point 9 was generally awarded to
the patients with acute liver failure or early graft failure in the
current Japanese allocation system. Therefore, the current
allocation system did not completely reflect the chronolog-
ical change in the degree of liver failure. Thus, the MELD
score, which was expressed numerically as a continuous
variable with a wide dynamic range in the evaluation of
hepatic decompensation, would have an advantage over the
medical point system for assessing the chronological change
in patients’ risk of death.

In conclusion, this study demonstrated that patients with
PBC, the third most common indication for liver trans-
plantation in Japan, have a high risk for waiting list mor-
tality in the current Japanese allocation system. The
allocation system should be changed to accurately priori-
tize the patients with a higher mortality risk; MELD-based
allocation would be suitable for this purpose and could
reduce the waiting list mortality of PBC patients.
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A National Survey of Patients With Intestinal Motility Disorders Who

Are Potential Candidates for Intestinal Transplantation in Japan

T. Ueno, M. Wada, K. Hoshino, S. Sakamoto, H. Furukawa, and M. Fukuzawa

ABSTRACT

Intestinal motility disorders are a major cause of intestinal failure. Severe cases such as
idiopathic pseudo-obstruction represent life-threatening illnessed. Intestinal transplanta-
tion is a treatment for severe motility disorders with irreversible intestinal failure.
However, the prevalence of severe motility disorders is unknown. We performed a national
survey to identify patients with intestinal motility disorders who require an intestinal
transplant. The national survey of 302 institutions treating intestinal motility disorders
identified 147 patients treated from 2006 to 2011 at 46 institutions. The mean patient age
was 12.1 years (range, 0.3-77.5). The mean age of onset was 3.0 years (range, 0.0-68.8).
Diagnoses included chronic idiopathic intestinal pseudo-obstruction (» = 96), Hirsch-
sprung disease (n = 29), megacystis microcolon intestinal hypoperistalsis syndrome (n =
18), and other (n = 6). There were 126 survivors and 21 patients who died during the last
5 years. The mortality rate was 14.3%. Eighty-five percent of patients required parenteral
nutrition for more than 6 months, which was defined as irreversible intestinal failure.
Among surviving patients with irreversible intestinal failure, 8 (9.4 %) developed hepatic
failure with jaundice and 27 (31.8%) 2 or more central vein thromboses. In all, at least 35
patients (41%) with irreversible failure due to intestinal motility disorders may be
candidates for transplantation. The prevalence of severe intestinal motility disorders was

elucidated in Japan. Severe cases should be referred to transplant centers.

NTESTINAL MOTILITY DISORDERS are a major
cause of intestinal failure. Severe cases such as
idiopathic pseudo-obstruction are life-threatening.
Causes of intestinal motility disorders seem to be multi-
factorial, and only a few have been elucidated. The
prognosis is poor for patients with severe illness. The
outcome for intestinal failure has improved dramatically
due to the development of parenteral nutrition (PN).
However PN-related complications, such as central ve-
nous catheter infection, thrombosis of venous access
points, and PN-associated cholestasis of the liver, are still
major problems for patients with intestinal failure. Intes-
tinal transplantation is a treatment for irreversible intes-
tinal failure due to severe disorders of intestinal motility
that can significantly improve the prognosis and quality
of life for patients. Progress in intestinal transplantation
has improved survival. However, the prevalence of severe
intestinal motility disorder is unknown. The Therapeutic
Guidelines for Intestinal Failure Study Group performed
a national survey to identify patients with intestinal
motility disorders requiring an intestinal transplant.

© 2013 by Elsevier Inc. All rights reserved.
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METHODS

This national survey was designed as a 5-year retrospective obser-
vation study involving 302 institutions that treat intestinal motility
disorders. These institutions were members of the Japanese Society
of Pediatric Surgeons, the Japanese Society for Small Bowel
Transplantation, and the Japanese Study Group for Home Paren-
teral and Enteral Nutrition. After an initial survey, a questionnaire
about each patient was sent to responding institutions from the
data center based at Osaka University. Patients with intestinal
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