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Risk factors for liver rejection: evidence to suggest
enhanced allograft tolerance in infancy
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Abstract
After liver transplantation, a relatively low
intensity immunosuppressive regimen is
employed in our unit: after initial triple
therapy (prednisolone, azathioprine, cy-
closporin), prednisolone is discontinued
at three months and azathioprine at one
year. A retrospective study was therefore
performed to determine the incidence of
rejection, and to identify risk factors for
rejection in our patient population.
Over a 10 year period, 135 transplants

were performed on 109 children. Thirty
four (25%) were on infants less than 1 year
old. Incidences of acute rejection and
irreversible chronic rejection were calcu-
lated for grafts surviving more than one
and four weeks respectively. Acute rejec-
tion occurred in 51 of 101 allografts (50%),
and irreversible chronic rejection in 11 of
91 allografts (12%). The immunosuppres-
sion strategy was not associated with an
increased incidence of rejection.
Acute rejection occurred in only eight of

28 allografts (29%) in those transplanted
during their first year, compared with 43
of 73 (59%) in older children. Logistic and
Cox regression analysis supported age at
transplantation as a significant risk factor
for acute rejection. Irreversible chronic
rejection did not occur in any of 24 grafts
in patients transplanted before one year,
compared with 11 of 67 (16%) in older
recipients. This suggests possible en-
hanced allograft tolerance with transplan-
tation during the first year of life. This
unexpected and potentially important
finding now requires confirmation in
other large patient series, with blind
interpretation of post-transplant liver bi-
opsies.
(Arch Dis Child 1996;75:502-506)

Keywords: liver transplantation, rejection, tolerance,
immunosuppression.

Liver transplantation is an effective treatment
for patients with end stage liver disease. One
year actuarial survival rates of80-90% can now
be expected even in infants and young
children."1 This progress has been due to vari-
ous factors, including improved timing of
transplantation, increased experience in medi-
cal management, better immunosuppressive
regimens, and advances in liver transplant sur-
gery. The use of reduced-size grafts has
expanded the population of young patients for
whom suitable donors are available, and liver

transplantation in the first year of life is now
commonplace."5

Despite these advances, there is still consid-
erable post-transplant morbidity, and retrans-
plantation is often necessary.' 2 Rejection is
common and remains an important cause of
allograft failure.2 6 Immunosuppression is asso-
ciated with a high incidence of complications,
infection being the most frequent cause of
death after transplantation.78 We have em-
ployed an immunosuppressive regimen which
is less intense than those utilised in other
centres.' 26 9 12 The aims of this study were
therefore to determine the impact of rejection
on our patient population, and to identify
potential risk factors for rejection.

Patients and methods
PATIENTS
A retrospective study was carried out in June
1993 on the 109 children who had undergone
liver transplantation between 1983 and 1993 in
the paediatric liver transplant programme in
Birmingham. The case records were reviewed,
and the histological results were reassessed in
cases in which rejection had been reported, in
order to systematically grade severity.
Of the 109 children transplanted, 24 re-

quired a second transplant, and two a third, so
that in total 135 transplants were performed.
The recipients ranged in age from 8 weeks to
15 years (median 2.5 years). Reduced size
grafts were employed in 74 (55%) of the
procedures, and 34 (25%) of the transplants
were in subjects less than 1 year old. There
were 51 male and 58 female recipients. All
donor/recipient matches were ABO blood
group compatible. The median period of post-
transplant follow up was 55 weeks (range 0-8.1
years).
The primary disorders leading to transplan-

tation were extrahepatic biliary atresia (51),
fulminant hepatic failure (19), cryptogenic cir-
rhosis (11), a1-antitrypsin deficiency (10),
tyrosinaemia type 1 (five), Wilson's disease
(three), primary oxalosis (two), hepatoblas-
toma (two), infantile haemangioendothelioma
(one), cystic fibrosis (one), Caroli's disease
(one), primary sclerosing cholangitis (one),
Crigler-Najjar syndrome (one), and propionic
acidaemia (one). Indications for retransplanta-
tion were graft ischaemia due to vascular
occlusion (12), chronic rejection (eight), pri-
mary non-function ofthe graft (four), and graft
failure associated with suspected viral hepatitis
(two).
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Risk factors for liver rejection

POST-TRANSPLANTATION IMMUNOSUPPRESSION
PROTOCOL
After transplantation, initial immunosuppres-
sion consisted of triple therapy with corticos-
teroids, azathioprine, and cyclosporin. Hydro-
cortisone (< 10 kg body weight, 100 mg; > 10 kg
body weight, 200 mg; divided twice daily,
administered intravenously) and azathioprine
(2 mg/kg, once daily, administered intrave-
nously) were started immediately. Cyclosporin
(2 mg/kg, administered intravenously twice
daily) was begun within 24 hours, provided
that the urine output was satisfactory. When
medication was switched to oral, hydrocorti-
sone was replaced with prednisolone (2 mg/kg
daily). The dose of prednisolone was gradually
reduced after two or three weeks, and, except in
those patients with active rejection, it was
discontinued three months after transplanta-
tion. The dose of cyclosporin was adjusted to
achieve whole blood trough concentrations in
the range 100-300 ng/ml. Concentrations at
the upper end of the range were maintained
during the early months after transplantation,
but those less than 150 ng/ml were considered
adequate after the first year. Azathioprine was
discontinued one year after transplantation.

REJECTION: DIAGNOSIS AND TREATMENT
In the post-transplant period, liver biopsy was
performed when indicated on the basis of clini-
cal manifestations and abnormal liver function
tests. In practice, most children underwent at
least one biopsy in the early weeks. Protocol
annual biopsies were also performed.
The diagnosis of acute rejection was based

on three main histological features: (1) a mixed
portal inflammatory infiltrate; (2) inflamma-
tory damage to bile ducts; (3) venous endothe-
lial inflammation.'3 14 Each of these three
features was graded semiquantitatively on a
scale of 0 to 3 (O=absent; 1 =mild; 2=moderate;
3=severe). The individual scores were added
together to produce a final rejection score of
0-9. This score was converted to a rejection
grade as follows: 0-2=absent; 3=borderline;
4-5=mild; 6-7=moderate; 8-9 = severe." 1
The diagnosis of chronic rejection was based
on the demonstration of interlobular bile duct
loss from at least 50% of portal tracts. For the
purposes of this study we examined the
incidence of irreversible chronic rejection-
that is, chronic rejection that eventually led to
graft failure-in order to avoid difficulties of
histological interpretation in borderline cases
of chronic rejection.
Based on the degree of clinical and bio-

chemical disturbances present and on the
severity of the histological changes, acute
rejection was treated with intensified immuno-
suppression. Treatment consisted of a three
day course of methylprednisolone (20-40
mg/kg once daily, intravenous). One patient
with refractory rejection was treated with
OKT3. Seven patients who showed signs of
steroid resistant rejection were given FK506
instead of cyclosporin.

VIRAL SURVEILLANCE
Donor and recipient cytomegalovirus (CMV)
status and recipient Epstein-Barr virus (EBV)
status were determined serologically before
transplantation, and at regular intervals there-
after. Diagnosis of infection was based on the
demonstration of significant changes in sero-
logical titres. In some cases further evidence of
infection was available based on viral culture or
immunohistochemistry.

STATISTICAL ANALYSIS
The following parameters were evaluated as
possible risk factors for the development of
rejection: the age and sex of recipient and
donor, the type of graft employed (whole v
reduced size), the occurrence of CMV or EBV
infection, the recipient's nutritional status
(height for age, weight for age, skinfold
thickness), the primary indication for trans-
plantation, and transplantation date. In order
to minimise possible confounding effects of
early graft loss from other causes, the inci-
dences of acute rejection and irreversible
chronic rejection were analysed in those grafts
that survived for more than one week or four
weeks respectively. Donor and recipient age
and sex, graft type, and transplantation date
were investigated as potential risk factors for
acute rejection by logistic regression for the
probability of rejection, and Cox regression for
the survival time in days from transplantation
to the onset of rejection as implemented in the
EGRET statistical package (Statistics and Epi-
demiology Research Corporation, Seattle, WA,
USA).

Results
Of the 135 allografts employed in these
patients, 34 were lost during the first week and
44 during the first four weeks after transplanta-
tion. These grafts failed because of primary
non-function, ischaemic injury, or patient
death.
Acute rejection occurred in 51 (50%) of the

101 allografts which survived beyond the first
week, and a total of 60 separate episodes of
acute rejection were documented. The changes
were graded as mild in 20, moderate in 25, and
severe in six cases. The median interval from
transplantation to the diagnosis of acute rejec-
tion was nine (range 3-44) days. In 48 ofthe 51
affected grafts (94%) the process was first
identified within 21 days of transplantation, at
which time all were still receiving high dose
prednisolone (1.5-2 mg/kg per day). In 42
cases there was just one episode of acute rejec-
tion, but in nine there was a second episode,
occurring between two and 54 (median nine)
weeks after the first. Acute rejection occurred
in four cases after discontinuation of corticos-
teroids at three months, but in two of these the
doses of azathioprine and cyclosporin had also
been reduced because of suspected infection.

In total, 40 of the 51 allografts (78%) with
histological acute rejection required courses of
treatment with methylprednisolone
(intravenous injection). In 30 a single course
was necessary, seven required a second, and
three a third. Methylprednisolone treatment
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Figure 1 Incidence of acute rejection (AR) in different
transplant recipient age groups.

achieved resolution of acute rejection in 31
cases (78%). Three of seven steroid refractory
cases responded to FK506 rescue treatment.
One patient received a course ofOKT3 mono-
clonal antibody treatment without resolution
of rejection. Of those allografts with docu-
mented acute rejection, 22% later developed
irreversible chronic rejection.

Irreversible chronic rejection occurred in 11
(12%) of the 91 allografts that survived beyond
four weeks. Acute rejection had previously
been documented in all of these cases, and in
nine there appeared to have been a gradual
evolution from acute rejection to irreversible
chronic rejection. The median interval from
transplantation to the diagnosis of irreversible
chronic rejection was 14 (range 5-30) weeks.
One case occurred in a child retransplanted for
previous irreversible chronic rejection. Of the
11 cases of irreversible chronic rejection, eight
led to retransplantation, and three resulted in
patient death.

IMMUNOSUPPRESSION ASSOCIATED

COMPLICATIONS

There was no significant increase in the
incidence of infection in those patients treated
for acute rejection. Of those who required
intravenous injection of methylprednisolone,
54% were treated intravenously with antibiot-
ics for suspected or proved bacterial sepsis in
the post-transplant period, compared with
58% of those who did not. Similarly there was

no difference in the incidence of CMV or EBV
infection in those given methylprednisolone.
The incidence of CMV infection was 36% in
both groups, with donor seropositivity having
been closely comparable-37.5% in those who
required methylprednisolone, and 40% in
those who did not. EBV infection occurred in
42% of those who received methylpred-
nisolone, compared with 46% in those who did
not. Clinically overt herpes simplex infection
occurred in three children, none of whom had
received methylprednisolone. Finally, of those
who required methylprednisolone, only 17%
were treated with amphotericin for suspected
or proved fingal infection, compared with 40%
of those who did not. No cases of post-
transplantation lymphoproliferative disease oc-

curred.

RISK FACTORS FOR REJECTION
Figure 1 shows the proportion of allografts
affected by acute rejection in those trans-
planted during the first year of life compared
with older recipient age categories. Acute
rejection occurred in only eight of 28 allografts
(29%) in patients transplanted during the first
year, compared with 43 of 73 (59%) in older
recipients (p<0.007 by X' test). This trend
towards a reduced incidence of acute rejection
in those under 1 year was still evident if cases of
mild acute rejection were excluded from the
analysis, moderate to severe rejection occurring
in five of 28 allografts (18%) in those less than
1 year and 26 of 73 (36%) in the older recipi-
ents (p=0.08 by X2 test). As stated previously,
seven children with steroid resistant acute
rejection were treated with FK506, and three of
these responded. One of these three was less
than 1 year of age, and the others were 13 and
14 years old. Irreversible chronic rejection did
not occur in any of 24 allografts in patients
transplanted before 1 year, compared with 11
of 67 (16%) in older recipients (p<0.04 by X2
test).
On investigation by logistic regression for the

probability of rejection and Cox regression for
the survival time in days from transplantation
to the onset of rejection, patient age at
transplantation emerged as a significant risk
factor for acute rejection. Figure 2 shows
survival curves representing the time interval to
the development of acute rejection for three
separate recipient age groups (0-1 year, 1-3
years, over 3 years) during the first 45 days
after transplantation. The numbers of subjects
in these groups were 28, 28, and 45 respec-
tively, and the percentages developing acute
rejection were 29, 57, and 60. The median
numbers of days to rejection in these subject
groups were 12 (95% confidence interval (CI)
7 to 35), 10 (95% CI 7 to 14), and 8 (95% CI
7 to 9). The reduced risk for acute rejection in
the younger patients is confirmed by the statis-
tical significance of the difference in survival
curves (p<0.03).
There was no significant correlation between

indicators of nutritional status, including
weight, height, and subscapular and triceps
skinfold measurements, before transplantation
and the subsequent incidence of acute rejec-
tion or irreversible chronic rejection. Height Z
scores at transplantation were lower in those
who did not develop acute rejection (-1.6 v
-0.5), but this difference was not significant.
There was no apparent association between
either CMV or EBV infection and the develop-
ment of acute rejection or irreversible chronic
rejection. Neither were any of the various
primary liver disorders associated with an
increased risk of rejection after transplantation.

Discussion
Rejection is an important cause of morbidity
and mortality after liver transplantation. Acute
rejection is treated with intensified immuno-
suppression, but unfortunately this may cause
significant complications. Chronic rejection
often leads to allograft failure and in these cases
retransplantation is necessary if the patient is to
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1.00 later developed chronic rejection.6 In our series
no such difference was seen, the median inter-
val to the development of acute rejection being
seven (range 3-44) days in those who devel-

0.75 - oped irreversible chronic rejection and nine
(range 3-35) days in those who did not.
Irreversible chronic rejection occurred in 12%

...................... of allografts in our series, compared with
, .............

0.50 _ reported incidences of approximately 5-10%
, in other paediatric liver transplant series,

Age at although the exact definition of chronic
transplantation rejection undoubtedly varied.' 26

0.25 (years) In our patients acute rejection began in 94%~~0-1
- - - 1-3 of cases within 21 days of transplantation while

> 3 patients were still receiving corticosteroid
0.000 1 1 ;f ; treatment. This pattern is similar to that

0 5 10 15 20 25 30 35 40 45 reported in other series.' 21 22 Only four of a
Time (days) total of 60 documented episodes of acute

ure 2 Survival curves representing time to the development of acute rejection during rejection in our patients occurred after discon-
first 45 days after transplantation. Patients are grouped by age at transplantation: 0-1 tinuation of prednisolone, and in two of these
r (n=28); 1-3 years (n=28); >3 years (n=45). The role of age as a risk factorfor acute cases the patients were on reduced doses of
ction is supported by the statistical significance of the difference between the survival azathioprine and cyclosporin because of sus-
ves (p<O.03). pected infections. Importantly, in nine of the

survive. Corticosteroids increase the risk of 11 cases of irreversible chronic rejection in our
serious bacterial infections and of opportunis- series, persistent acute rejection had already
tic infection with CMV, Pneumocystis carinii, begun in the early weeks after transplantation,
and aspergillus.'l '-` Long term corticosteroid and so prednisolone had not been discontinued
treatment may lead to the development of in these patients. The practice of withdrawing
cataracts, aseptic hip necrosis, bone deminer- steroids at three months did not therefore
alisation, and growth retardation. Azathioprine appear to contribute significantly to the
may increase susceptibility to opportunistic incidence of acute rejection or irreversible
infections, and may be associated with an chronic rejection in our patients.
increased risk of malignancy. Post- Although several studies have addressed the
transplantation lymphoproliferative disease is a subject of risk factors for liver rejection, these
recognised hazard of immunosuppression. have mainly focused on adult patients. This is

Because of these concerns, we have adopted the first study specifically designed to identifyBecase ftese oncrns we aveadoted risk factors for rejection in a large group ofa less intense immunosuppressive regimen infants and gren indarlarggtropl of
than other centres. Elsewhere the corticoster- in. In children undergoing transplanta-
oid dosage is usually reduced more slowly, tion. Iniprevous studies, suggestedriskfactors
typically over six months, and the practice is to fo chronic reiection have included CMV
continue long term dual or triple maintenance i o

1 2 6 9-12 OU p immunosuppressive regimen, and retransplan-treatment. ur practice for paediatric .*2127
liver transplant recipients is to discontinue tation for chronic rejection. In a study of

adults in the Birmingham programme, chronicprednisolone after three months and azathio- rejection recurred in 27% of patients retrans-prine after one year. It was important therefore p b o 20
to determine the incidence of rejection in our hav ted rechrornc reaecton. Others
patient population, and to examine the out- have27 Inpontera iurr sries ol one of
comafe reeto. 90/o. In contrast, in our series only one of
come aftheriesacuterejection.occurredi eight children transplanted for irreversibleIn tssi dcute on ore d in chronic rejection had a recurrence of this

ot allografts, and although hirect comparison disorder in the second graft. In our study the
between centres is difficult, this is a lower inci- incidences of CMV and EBV infection were
dence than the reported 60-80% incidences in not significantly higher in those who developed
other paediatric centres where more prolonged either acute or irreversible chronic rejection.
and intensive immunosuppression is The most surprising observation in this
employed.23 Although histological definitions study was that transplantation during the first
of chronic rejection exist, recovery is possible in year of life was associated with a significantly
some of these cases, and so for the purposes of reduced risk of rejection. Among those trans-
this study we looked at those cases in which the planted before 1 year of age, the incidence of
process proved to be irreversible, resulting in acute rejection was approximately half of that
eventual graft failure. Previous experience has in older recipients, and graft failure from
shown that acute rejection may evolve into chronic rejection did not occur. The published
chronic rejection.6 20 This pattern was observed literature has not previously suggested that
in our patients, in that acute rejection had been allograft rejection is less common after liver,
dnocumeintedA in e-achl of the- n1allorafts in c Ardiac, or -Irnal ,%tr nsplatatin in1%" 1

which irreversible chronic rejection occurred, infancy.' 10 2830 Previous reports of experience
and in nine gradual progression from acute to in paediatric liver transplantation clearly docu-
irreversible chronic rejection was observed. ment the occurrence of rejection even in very
Freese et al reported an earlier onset of acute young recipients, but these series have gener-
rejection after transplantation in those who ally included relatively few infants, and age has
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not been examined as a risk factor.3 10 28 Our
finding was therefore an unexpected one.

If age at transplantation is truly a significant
risk factor for rejection, this would be of great
biological interest and an important clinical
observation. However, given that this is a retro-
spective study covering a period of 10 years,
caution is necessary in interpreting the results.
With the introduction of reduced size liver
grafts, infant transplantation gradually became
more frequent during the period covered by
this study. If, in parallel with this change in
transplantation age, there were to have been
unrecognised but significant changes in clinical
practice or subtle changes in the histological
criteria employed in the diagnosis of rejection,
this might have led to a non-causal association
between age at transplantation and rejection
risk. For this reason, the statistical analysis per-
formed in this study was designed to take
account of any unrecognised effects that might
be linked to transplantation date. Age at trans-
plantation emerged as an independent risk fac-
tor for rejection. Nevertheless, in order to con-
firm or refute the validity of this observation, it
is essential that studies should now be
performed on other large paediatric transplant
populations, in which all post-transplant biop-
sies are assessed at the end of the study by an
individual histopathologist, blinded to patient
age.

If age is confirmed as a risk factor for rejec-
tion, the biological basis for this phenomenon
would be of great interest. A recent study of
adult patients in the Birmingham programme
demonstrated a significantly lower incidence of
chronic rejection in recipients over 30 years of
age.23 It is possible that this might have been
due to an age related alteration in immune
function, with reduced alloreactive responsive-
ness in older patients.3' The phenomenon
whereby allograft tolerance is readily induced
in laboratory animals in early life may be
relevant to our findings.32
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