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Two hundred fifty pediolric (<18 years of age) patlents underwent orthotoplc
liver fransplantation because of end-stage liver disease and were given
combination therapy with cyclosporine and prednisone. The most common
Indications for iransplantation In decreasing order of frequency were blliary
afresla, Inborn errors of metabollsm, and posinecrotic cirrthosls. The 5-year
actuarial survival tor the entlre group was 69.2%. Age and diagnosls did not
Influence survival. Infeclions were the most common cause of death, followed
by liver fallure and cerebrovasculor accident. The impact of retransplantation
on survival depends on the Indication. The survival Is belter when retransplan.
fation Is carrled out after rejection than because of technical complications,
and the latter has a better survival than does primary graft nonfunction. The
difference In survival among these groups Is sialistically signlificant. The quality
of llife for 464 of 173 survivors Is good 1o excellent; only nine children are currently
experiencing medical problems. A persisent problem In pedlatric transplania-

tion Is the scarcity of small donors. (J Peoiate 1987;444(6, part 2):1039-45)

The clinical manifestations of chronic liver discase in the
adult are usuvally insidious and slow to progress. In
contrast, the clinical features of end-stage liver disease in
children develop over a short time and are followed by
devastating results. A typical example is the patient with
cirrhosis secondary to biliary atresia. In these paticnts,
jaundice, hypersplenism, and portal hypertension quickly
dcvelop, in addition to the complications of malabsorption
such as diarrhea, growth retardation, and bone fractures.

Three ycars ago, orthotopic liver transplantation left the
realm of experimental surgery and became an accepted
mode of therapy for patients with irreversible liver dis-
case.' The first human liver transplant was performed in 8
child 23 years ago, but progress was slow until cyclosporine
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was introduced into clinical practice in 1980.> The imme-
diate impact of cyclosporine on survival was so remarkable
that in a few years there has been a proliferation of new
transplant ccnters all over the world. Morcover, the indica-
tions for hepatic replacement are constantly eapanding to
benefit more patients who otherwise would incvitably die
of hepatic failure (unpublished data).

We report the results in the first 250 pediatric paticnts
who reccived liver transplants during the cyclosporine
era.

METHODS

From March 1, 1980, to June 30, 1986, 250 children (of
665 liver recipicnts) underwent hepatic replacement for
advanced liver discase. The charts of these 250 paticnts
were reviewed, and the following data recorded: age, scx,
indications for primary transplants, indications for retrans-
plantation, and survival. Causes of dcath were also
reviewed, as well as dominant clinical features of liver
discase before transplantation.

The techniques of harvesting and of liver replacement
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FIg. 4. Indications for hepatic transplantation in 250 pediatric patients treated with cyclosporine and prednisone

combined.

Table I. Clinical features in 250 pediatric patients
before liver transplantation

Exirahepatle Other
billary otresla  Indications
(%) (%)

Ascites 68 75
Bone discase 82 41
Biliary sepsis 85 4
Variccal hemorrhage 29 3
Encephalopathy 13 30
Spontancous bacterial S 11

peritonitis

have been published in detail elsewhere.? Many of the
paticnts had previous abdominal operations, such as por-
tocnterostomies (Kasai proccdures) in those with biliary
atresia, or exploratory laparotomies for diagnostic pur-
poses. Matching was done mainly by size and blood type,
although some patients reccived orpans from donors in
diffcrent blood groups. No attempt was made to match
human lculocyte antigpen (HLA) loci precoperatively.
Tmmunosuppression. Paticnts used to reccive a dose of
cyclosporine orally a few hours before surgery, but this
practice has been abandoned. At present, cyclosporine is
begun during the operation at a dose of 2 mg/kg intrave-
nously. The same dosc is repeated postoperatively every 8
hours until oral feedings are resumed. Oral cyclosporine is
then begun at a dose of 17.5 mg/kg/d, divided in two
doscs. Intravenously administered cyclosporine is subse-

quently reduced if adequate levels are maintained by the
oral route.* Cyclosporine dosage is adjusted according to
the concentration of the drug in whole blood as determined
by high-pressure liquid chroamtography or by radioimmu-
noassay. RIA is used more frequently in our practice. The
dosage is also adjusted based on symptoms and renal
function, because the toxicity of the drug docs not always
correlate with the blood level. Steroids are also started
during the operation. A dose of 500 mg prednisolone is
given intravenously soon after the allograflt liver is revas-
cularized. Il the patient’s clinical condition is relatively
good, a S-day course of prednisolone is given, beginning
with 100 mg the first day postoperatively, and tapering by
20 mg daily and ending with a maintcnance dose of 10 mg
daily. Further reductions of the stcroid doses arc made on
an individual basis. In the presence of rcjection, paticnts
are given hydrocortisone intravenously. If no response is
obscrved, the S-day course of steroids is repeated.® Addi-
tional adjurant therapy has consisted of polyclonal anti-
lymphocyte globulin in the beginning of the scries and
monoclonal antibody (OKT*3 Orthoclone, Ortho Pharma-
ccutical Corporation, Raritan, N.J.) rccently. The most
common indication for OKT*3 thcrapy has been steroid-
resistant rejection.® In a few patients with latent rejection,
low doses of azathioprine have been added to the cyclospo-
rinc-steroid regimen.

Statistical analysis. Paticnt survival was calcnlated by
the life table mcthod (BMOP statistical software, Los
Angcles).
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Fig. 2. Actuarial survival (life table method) in 250 pediatric patients compared with that in 418 adult patients during

cyclosporine era. Difference not statistically significant.

RESULTS

Indications for liver transplantation. The indications for
hepatic replacement are shown in Fig. 1. There were 115
male and 135 female paticnts, with mean age 5.9 + 4.92
(SD) years (range 4 months to 18 years). Almost all
paticnts had advanced liver discase, except for an occasion-
8} patient who had reccived a transplant for hepatic
malignancy and had liver function that was normal or close
to normal.

Biliary atresia. The biliary atretic syndrome was by far
the most common indication for liver transplantation. In
this group, the majority (84%) of patients had extrahcpatic
biliary atresia, and the rest had biliary hypoplasia, which
in some cases was part of Alagille syndrome.

Almost all of the patients with biliary atresia had
undergone a biliary drainage proccdure (Kasai), and in
several patients the hepatectomy was difficult because of
adhcesions formed afier many previous 2bdominal opera-
tions,

The dominant clinical fcatures in paticnts with extrahe-
patic atresia are shown in Table I and are compared with
those in other liver transplant recipicnts who were operated
on because of diagnoses other than extrahcpatic atresia.
The incidence of variceal bleeding and ascites was similar
in these two groups of patients; however, cholangitis was a
significant problem in paticnts with extrahepatic biliary
atresia and was the cause of numcrous hospitalizations.
Bonc disease was also scen more frequently in patients with
cxtrahepatic biliary atresia. Enccphalopathy was observed

Table . Dominant clinical features in paticnts with
a,-antitrypsin deficicncy before liver transplantation

n %
Ascites 23 80
Varicea) hemorrhage 17 59
Jaundice 11 38
Encephalopathy k} 10

less often in patients with extrahepatic biliary atresia,
because the other group included patients who had
received transplants because of acute hepatic failure sec-
ondary to viral hepatitis or Wilson disease.

Inborn errors. Inborn crrors of metabolism were the
sccond most common indication for hepatic transplanta-
tion; a,-antitrypsin deficicncy was the most common diag-
nosis in this group. Twenty-nine of the 250 pediatric
paticnts undcrwent hepatic transplantation because of
a,-antitrypsin deficicncy. The phenotype was ZZ in 22
paticats, MZ in two, SZ in two, and was unknown in three
paticnts. The diagnosis of a,-antitrypsin dcficicncy was
made between 1 month and 6 years, with initial symptoms
of jaundice in 23 paticnts, ascites in three patients, and
gastrointestinal hemorrhage in three patients. By the time
of transplantation, 17 (58.6%) of 29 paticnts with ay-
antitrypsin deficiency had experienced variceal hemor-
rhage, and the great majority had ascites (Table 11). Of the
29 paticnts, six required retransplantation. The indications
were thrombosis of the hepatic artery in four, rejection in
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Fig. 3. Actuarial survival according to age group in 250 pediatric liver transplant recipients. Note that age has not
influenced long-term survival thus far. Difference not statistically significant.

one, and thrombosis of the vena cava and portal vein in one
patient. Of these six, three with hepatic artery thrombosis
died after retransplantation.

Five of the 29 patients with a,-antitrypsin deficiency
died. Of the 24 survivors, three patients have slightly
abnormal liver function secondary 1o chronic rejection, and
may eventually require retransplantation. Another patient
has immunosuppression-induced lymphoproliferative dis-
ease. Another patient who had a,-antitrypsin deficiency
and biliary atresia has an indwelling percutancous biliary
catheter because of an ischemic obstruction of the bile
ducts. This paticnt had thrombosis of the hepatic artery
postoperatively. Twenty of the 24 attend school; the other
four are not of school age, but are growing well.

Other metabolic disorders treated with hepatic trans-
plantation were tyrosinemia, Wilson discase, glycogen
storage disease, and familial hypcrcholesterolemia.

Less frequent indications were congenital hepatic fibro-
sis, familial cholestasis, postnecrotic cirrhosis, secondary
biliary cirrhosis, nconatal hepatitis, and malignancy.

Survival. The overall actuarial survival in pediatric
patients is 69.2% at S years, which is significantly better
when comparcd with a historical group given azathioprine
(23%). Compared with that in adults, the survival is
identical up to 2 years; the difference in adult survival after
2 years is not statistically significant (Fig. 2). Over the last
2 years there has been anincreasc in the number of hepatic
transplants in infants. The actuarial survival in these small
children was not statistically different from that in older
paticnts (Fig. 3); howcever, the postoperative course in
many of these infants was marred by complications.®

Influence of diagnosis on survival. There is very little
difference in survival according to the diagnostic indica-
tions for hepatic replacement (Fig. 4). Most of the deaths
occur within the first 6 months after transplantation, and
the attrition is minimal after 1 year. The $-year actuarial
survival is 77.8% for patients with postnecrotic cirrhosis
(n =27), 79.2% for patients with inborn errors of the
metabolism (n = 53), and 66.1% for patients with biliary
atretic syndrome (n = 127).

The principal causes of death in 61 consecutive children
who died at the University of Pittsburgh, in decreasing
order of frequency, were infection (22 patients, 36%)
hepatic necrosis (12 patients, 20%), central nervous system
complications (eight patients, 13%), and intraabdominal
hemorrhage (seven patients, 11%). Twelve other patients
died of miscellancous causes such as respiratory distress
syndrome, myocardial infarction, lymphoproliferative dis-
case, recurrent hepatoma, and multisystem organ failure
(Table 11). Bacterial infections were seen slightly more
often than fungal infections. Deaths caused by viral
infections were rare and occurred late. CNS complications
consisted of cercbrovascular accident, frequently associat-
ed with hypertensive crisis or coagulopathy or both. Fatal
intraabdominal hemorrhage was the cause of dcath in
scven patients. Four of these patients had ruptured mycotic
ancurysms, and another patient had a fungal infection
involving the portal vein. Two other patients had scvere
coagulopathy sccondary to liver failure.

Rutransplantation. The indications for retransplantation
in 67 (26%) of the 250 patients studied were technical
complications in 29 (43.3%) patients, rcjection in 29
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FiQ. 4. Actuarial survival based on diagnostic indications for hepatic transplantation in 250 pediatric patients.

Difference among several groups not statistically significant.

(43.3%), and primary graft nonfunction in nine (13.4%)
(Fig. S). Technical complications are sccn more frequently
in children than in adults; hepatic artery thrombosis
accounts for ncarly all technical problems requiring
retransplantation.

The difference in survival after retransplantation for the
forcgoing three indications is highly significant. Paticnts
requiring a second transplant because of primary graft
nonfunction had the poorest survival (approximately 10%
at | year), but actuarial survival incrcased to 48% at 4
ycars when the indication was a technical complication,
and to 79% at 4 years when the reason for retransplanta-
tion was rejection.

Quality of life. Of the 173 survivors, only nine paticnts
are currently experiencing major medical problems. Two
of these paticnts have biliary strictures sccondary to
thrombosis of the hcpatic artery, and conscquent mild
hepatic dysfunction. Two other patients, who had trans-
plants bcfore 1 ycar of age, have indwclling biliary
cathcters because of necrosis of the major bile ducts after
thrombosis of the hepatic artery. Unlike the previous two
patients, the hcpatic function in these two patients s
exccllent. Three patients have ongoing chronic rejection
and will require retransplantation. One paticnt who under-
went  simultancous liver and kidncy tran<plantation
beeause of cystinosis undergoes hemodialysis for chronic
renal fzilure; he has normal liver function. last, a 7-
year-old child with normal hepatic function has intraab-
dominal Iymphoproliferative discase. This patient recently
underwent a debulking procedure and is free of syniptoms,

Table HI. Principal causes of dcath in 61 children who
survived at least 24 hours after hepatic replacement

n %
Infection 22 36
Liver failure 12 20
CNS complications 8 13
Postopcrative hemorrhage 7 B
Respiratory distress syndrome 2 3
Myocardial infarction 2 3
Other 8 13

although he still has residual tumor; his condition is stable,
and immunosuppression therapy has been stopped entirely.
The remaining paticnts live normal lives and have ncar-
normal growth and devclopment. Eight (28%) of 29
paticnts crossed percentiles in an upward direction and
wcre above the Sth percentile. Thirteen paticnts were
below the Sth percentile before and after surgery; of these,
10 have normal growth velocity. Only four (14%) paticents
had a reduction in growth to below the Sth percentile. Four
(14%) other paticnts who were normally grown before
hepatic replacement continued to grow normally after
surgery. Thirtcen of these 29 patients had biliary atresia.®®

DISCUSSION

The indications for liver transplantition have expanded
since cyclosporine was introduced into clinical practice in
1980. Over a short period of time, a remarkable improve-
ment in survival was observed in patients treated with a
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Fig. 8. Actuarial survival of 67 pediatric paticnts who lost first graft, based on indication for retransplantation.

combination of cyclosporinc and prednisonc, in contrast to
those given a combination of azathioprine and prednisone
in carlicr scries.?

When liver transplantation was first performed in the
1960s, a frequent indication for hcpatic replacement was
malignancy, because those paticnts had no chance for
survival otherwise. However, many other paticnts who
would benehit from liver transplantation were not consid-
cred because of the experimental nature of the operation.
Based on the much improved results with cyclosporine,
liver transplantation became an accepted therapy for
paticnts with advanced hepatic discase in the 1980s."-7 Age
limitations are not as rclevant as they were before cyclo-
sporine (unpublished data). Noncthcless, a significant
problem in pediatric liver transplantation continues to be
the scarcity of small pediatric donors.

The appropriate time for transplantation is when the
paticnt begins to show signs of hepatic decompensation. In
children, subtle signs are fatigue, failure to grow, and
decreasced activity level. Liver transplantation should not
be delayed until manifestations of end-stage liver discase
develop, such as variccal bleeding or encephalopathy.
Although it has been difficult to predict which patients will
do wcll 2fter transplantation,® it is logical to think that
paticnts who still have some reserve would fare better after
hepatic transplantation than paticnts with terminal stages
of the discasc such as hepatorenal syndrome.

From the view point of statistical significance, the under-
lying discase does not influecnce the outcome. Cirrhosis
sccondary to biliary atresia, hepatitis, a,-antitrypsin defi-

ciency, and Wilson discase is a clcar-cut indication for
hepatic replacement. Tyrosinemia, on the other hand, is an
inborn crror of metabolism associated with a high inci-
dence of hepatoma. These patients should undcergo hepatic
replacement before malignancy occurs. Likewise, other
metabolic disorders that have their origin in the liver, such
as glycogen storage disease, hemochromatosis, and possi-
bly hcmophilia, are trcated more frequently with liver
transplantation. The presence of malignancy is not an
absolute contraindication, although the risk of rccurrence
exists. In a previous investigation, paticnts who had inci-
dental ncoplasms in the liver and undcrwent transplanta-
tion for other reasons have shown no cvidence of recur-
rence thus far.?

Most of the dcaths in pediatric liver transplantation
occur within the first 6 months. Infections arc the most
common causc of dcath, and the type of infection varies
according to the time of onsct after transplantation and the
precipitating causc. Early infections are usually bacterial
or fungal and arc precipitated by complications related to
the operation, such as arterial thrombaosis, bile leaks, or
intestinal perforations. Viral complications arc scen late,
and usuvally follow unwisc therapy for rejection.

The majority of the children will have an almost normal
lifc except for the need of medication. This is a small price,
considering that death would be their fate without liver
transplantation. The majority of these children grow nor-
mally after hepatic replacement and are able to attend
school and participate in daily activities.

Paticnts with primary graft nonfunction dcicriorate
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rapidly, and retransplantation is urgent. Thrombosis of the
hepatic artery may lead to regional necrosis of the liver and
abscess formation. Although a few patients have survived
without arterial supply, these patients should also undergo
retransplantation immediately.' Retransplantation be-
cause of rejection is associated with the best survival,
probably because these patients are usually free of infec-
tion and are in better condition than those with primary
graft nonfunction or thrombosis of the hepatic artery.
Retransplantation has played an important role in improv-
ing survival "

We conclude that liver transplantation is the treatment
of choice for several conditions leading to end-stage liver
discase. The most important problem in pediatric liver
transplantation is the unavailability of small pediatric
donors.
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