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Long term prognosis for babies with neonatal
liver disease
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SUMMARY A total of 123 patients with neonatal liver disease without extrahepatic bile duct
obstruction or arteriohepatic dysplasia have been studied for six to 18 years. Idiopathic neonatal
hepatitis, present in 73 babies, carried a high mortality due to liver failure (18%), septicaemia
(6%), and associated defects (14%), especially in the first year of life (25%). Progression to
chronic liver disease in non-familial idiopathic cases occurred in three of 40 reviewed patients.
Only 12 of these children were completely healthy, the remainder having other permanent
disabilities (57%). Four of nine familial cases of idiopathic neonatal hepatitis died in the first 12
months of life as did two of the four reviewed survivors. Progression to chronic liver disease or to
death was a continuous process without any interval of recovery in all but one of these patients.
Among patients with a presumed infective cause, cytomegalovirus infection caused a particularly
benign form of neonatal hepatitis but was a frequent cause of brain damage or other disabilities.
Babies who survived other infective liver diseases showed complete healing of the liver damage.
Neonatal liver disease associated with a, antitrypsin deficiency progressed to death or chronic
liver disease in three of nine patients and was not associated with a paucity of interlobular bile
ducts.

Previous studies have shown that it is important to
separate patients with neonatal liver disease accord-
ing to aetiology before determining their prognosis. '-5
After excluding specific conditions6 most neonatal
liver disease is still without a defined cause;' 2 46 some
families have more than one affected child.' 2 5 6
Alphal antitrypsin deficiency is found in a proportion
of babies with neonatal liver disease. - It is difficult
to know whether this genetic defect is a sufficient
explanation for the liver disease813 or whether it
merely acts as a factor predisposing to liver damage
by some unknown virus or other agent.

Definition of the prognosis of a condition requires
ascertainment of a full range of its clinical forms,
thorough investigation to achieve aetiological classi-
fication at the time of presentation, 14 and prolonged
follow up. All of these requirements have been met
in the prospective study of neonatal liver disease
which began in Melbourne in 1962. 1 5 6 This report
extends the period of observation substantially and
describes the outcome in patients followed for six to
18 years.
Groups working in London4 7 and in Paris2 have

access to larger numbers of patients, but the
patterns of referral in these large cities do not give
them access to the full range of severity seen in the
condition. The follow up period has also been
considerably shorter, as in the smaller retrospective
study reported from OSlO,3 where the pattern of
referral is more comparable to that in Melbourne.

Patients and methods

Case ascertainment has been described in detail
elsewhere.' 5 6 It is thought to be complete for
severe cases of neonatal liver disease in Victoria
from July 1, 1963 to December 31, 1980, but some
mild cases must have escaped detection.
Terminology and classification is a particular

problem with neonatal liver disease. Histological
examination of the liver was available in all patients
by biopsy (generally needle biopsy) or at necropsy.
All patients with inflammatory changes in the liver
but no mechanical obstruction of the extrahepatic
ducts and without arteriohepatic dysplasia'5 16 were
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included-123 babies in total. Initial aetiological
studies6 identified babies with galactosaemia (five
cases), cytomegalovirus hepatitis (21 cases), and
hepatitis due to other infective agents (15 cases:

syphilis one, toxoplasmosis two, hepatitis B virus
two, Coxsackie viruses two, rubella virus three, and
adenovirus five). The main group consisted of
patients with idiopathic neonatal hepatitis which was

sporadic in 64 and familial in nine. Babies with a,
antitrypsin deficiency (9) are also considered separ-

ately, although this may just represent a specific
factor predisposing to neonatal hepatitis.

Regular follow up examinations were achieved as

part of clinical care in most cases. Some patients
were treated by other paediatricians and reviewed at
longer intervals. The patients who died were fol-
lowed until their death. Eleven patients were lost to
follow up despite intensive efforts to trace them.
The remaining 77 surviving patients were traced and
67 were re-examined by one of us (JD) who had not
known the patients previously. The other 10 patients
living outside Melbourne were examined by their
own paediatricians. The mean age of the patients at
this last follow up was 12 years (range 5 years 11
months to 17 years 4 months). Apart from historical
data and a thorough clinical examination, the
following biochemical tests were performed in 64
patients: bilirubin, aspartate aminotransferase, and
alkaline phosphatase values by routine methods
(Department of Biochemistry, Royal Children's
Hospital, Melbourne); y-glutamyltransferase
(Gamma GT Kit, Boehringer); the total concentra-
tion of bile acids in the serum by an enzymatic
assay;17 and the concentration of cholyl-glycine in
serum by a commercially available radioimmuno-
assay (CG-RIA, Abbott) with minor modifications
(within batch variation of duplicates ± 5%,
between batch variation ± 10%).

Liver disease was regarded as present if hepa-
tomegaly (with or without splenomegaly) was found
together with raised serum bile salt values and at
least one other biochemical test abnormality. (The
upper limits were: bilirubin 15 [tmol/l, alkaline
phosphatase 700 or 800 U/l, according to the age of
the patients, aspartate aminotransferase 50 U/l, y-
glutamyltransferase 60 U/l; reference range-mean
(SD)-for total bile acids was 8*6 (2.9) imol/l and
for cholylglycine was 35-0 (22.0) [tg/dl.) Those
patients showing one abnormal result were classified
as having slightly abnormal liver function. Where
two tests were abnormal (palpable liver and raised
bile salts or one abnormal biochemical test result, or
raised bile salts with one abnormal biochemical test
of liver function) the patients were also classified as

having slightly abnormal liver function but this
rarely occurred. Liver biopsies were perfomed only

if considered necessary for management (two
patients).

Intellectual development was estimated from
school progress, discussion with the patients, and
clinical assessment. Growth retardation was defined
by a height below the 3rd centile in the absence of
familial short stature. Informed consent of parents
or patients, or both, was obtained for all investiga-
tions.

Results

We were unable to trace 11 patients. One had had a
large palpable liver at the age of 14 months and may
have developed liver disease. All other patients are
known to have survived the disease. Four were lost
to follow up during the first year of life and had no
signs of liver disease at the date of their last review.
One other patient had a palpable liver at the age of 4
years and one patient 'suffered from hemihyper-
trophy.

Tables 1 and 2 present most aspects of the
outcome with regard to hepatic consequences and
other sequelae, some of which are related to
associated second diseases. The principal subjects of
this analysis are the 73 patients with idiopathic
neonatal hepatitis and the nine babies with a,
antitrypsin deficiency. The other groups are in-
cluded only to give a complete picture of the
outcome in non-obstructive neonatal liver disease
and to emphasise the importance of aetiological
classification before speaking of prognosis in indi-
vidual cases.

Galactosaemia. Galactosaemia is most clearly sep-
arate from the other conditions considered and
outcome was good from the hepatic point of view.
One patient with convulsions who underwent anti-
convulsive treatment had raised alkaline phosphatase
and y-glutamyltransferase values and another had a
liver palpable 1 cm below the costal margin (Table 1)
and a borderline alkaline phosphatase value
(809 U/l).

Cytomegalovirus hepatitis proved a benign condi-
tion in most patients with no early deaths; one late
death probably due to liver disease (this child who
died from liver failure at the age of 13 months also
suffered from tuberculosis of lungs and lymph nodes
at the time of death; the liver was free of tubercu-
losis at necropsy); and no children with established
chronic liver disease. Brain damage (Table 2) is the
principal serious outcome in this group-severe in
four of 16 survivors and mild to moderate in a
further three children. The second late death (Table
1) was a retarded boy with microcephalus and
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Table 1 Outcome of babies with neonatal liver disease

Idiopathic neonatal hepatitis a-,AT Infective Galactosaemia
deficiency

Sporadic Familial CMV Other

Total number of patients 64 9 9 21 15 5
Deaths before 12 months 14 4 1 - 6 1

Hepatic 7 2 1 - 2 -

Sepsis 1* 1 2 1
Cardiac failure 1 - -
Other non-hepatic 5* -

Lost to follow up 5 1 3 2
Later deaths 5 2 - 2

Hepatic 1 2 1 -
Non-hepatic 4* - - -

Now living and reviewed 40t 2 8 16 7 4
Liver normal 25 1 2 13 5 2
Liver slightly abnormal 12 1 4 3 2 2
Liver disease 3 - 2
Growth retardation 3 1 - 1 -

*Including 4 patients with severe liver disease at the time of death (see text).
t8 of 16 patients with second diseases survived: Down's syndrome (2), cystic fibrosis (2), generalized fibromatosis (1), Niemann Pick's disease (normal
sphingomyelinase) (1), Albright's syndrome (1), chondrodysplasia punctata (1).
ct1AT=ct, antitrypsin. CMV=cytomegalovirus.

Table 2 Other defects present in 77 surviving patients

Idiopathic neonatal hepatitis a,A T Infective Galactosaemia At follow up
deficiency

Sporadic Familial CMV Other Liver Liver slightly
disease abnormal

Total number of infants
(surviving and reviewed) 40 2 8 16 7 4 5 24

Intelligence normal 30 2 7 9 4 2 4 15
Slightly retarded 5 - 1 3 2 1 1 4
Severely retarded 5 - - 4 1 1 - 5

Convulsions 5 - 5 5 1 - 3
Visual defects 7 - - 1 2 2 1 1
Hearing impairment 2 - - 1 4 1 1 1
Speech disturbances 1 - - 3 - - - I
Cerebral palsy - - - 3 I1
Microcephalus - 2 - -2
Congenital heart defects 1 1 - 4 - - 2
Cryptorchism 5 1 1 -
Ureterovesicular reflux 1 - - -

Scoliosis 3 1--

Alive with normal liver and
no disabilities 12 2 5 1

seizures who died of pneumonia at the age of 4 years
6 months.

Other infective causes of hepatitis. These led to an
high early fatality rate (toxoplasmosis one death.
Coxsackie viruses two deaths, adenovirus two
deaths, and rubella virus one death).

Idiopathic neonatal hepatitis., This disease has a high
mortality rate (18 or 73 babies) in the first year of
life (Table 1), especially in the first three months,
due to liver failure (nine deaths), septicaemia (two
deaths), and associated defects (seven deaths).

Three patients dying from sepsis or associated
defects had severe liver disease at the time of death
(jaundice and hepatomegaly combined with sple-
nomegaly, gastrointestinal bleeding or ascites, and
laboratory and histologic signs of neonatal hepa-
titis).
Outcome was determined for 49 of the 55 babies

with idiopathic neonatal hepatitis (Table 1) who
survived the first year and only seven of these have
died subsequently-three of liver failure (one at the
age of 4 years 3 months and two at the age of 6 years
2 months), two of septicaemia (at the age of 1 year
11 months and 2 years 11 months, respectively), and
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two because of other defects (one patient at 2 years
6 months due to cot death; another patient due to
myocarditis and pneumonitis at the age of 1 year 8
months; this patient had also a biliary cirrhosis).
Further deaths may occur among the three children
with definite liver disease or the three children with
potentially lethal second diseases (Table 1).

Overall, deaths due to liver damage (Table 1)
currently tally 18%, deaths due to sepsis 6%, and
deaths due to associated defects now amount to
14%. Mfortality in the first year was 25% and later
mortality was 9%.
Most of the survivors (26 of 42) had no evidence

of continuing liver disease and a further 13 patients
had only slightly abnormal liver function. Only one
of the patients who had definite liver disease at the
time of review had been considered free of per-
sisting liver disease when examined during the inter-
vening years. Consequently, return of liver size and
of biochemical test results to normal may be
regarded as strong indicators of good prognosis of
the liver disease.
The mortality rate (early and late) was high in

familial neonatal hepatitis (six of nine) and in
patients with associated second diseases without
family history of neonatal liver disease (eight of 16).
Those with associated second diseases (Table 1)
naturally had continuing problems as part of those
diseases. The liver disease healed in most of these
patients. Only 12 patients, however, with idiopathic
neonatal hepatitis had a completely normal liver and
no disabilities (Table 2).

Alpha, antitrypsin deficiency. This was associated
with early death or progression to chronic liver
disease in three of the nine babies (Table 1). This
figure is not appreciably different from the outcome
in sporadic idiopathic neonatal hepatitis (15 of 64
babies) but a trend still exists towards a slightly
higher frequency of chronic liver disease in patients
with neonatal hepatitis associated with a, antitryp-
sin deficiency (33 v 23%). Two children had no
evidence of persisting liver disease and four showed
an abnormality in just one of the number of liver
function tests we used.

Discussion

The present study has followed our patients with
neonatal liver disease to an average of 12 years and
confirms the trends of our earlier studies.1 5The loss
of 11 patients to follow up has no effect on
statements about the first year of life, but may bias
unfavourably some of the findings about the later
prognosis of the 95 patients who survived the first

year. The available data suggest that this bias is not
great.

Cytomegalovirus hepatitis is a very benign condi-
tion as far as the liver is concerned, but the virus
may have severe effects on the brain. The high early
fatality rate in babies with other infective causes of
hepatitis certainly reflects a bias towards identifying
acute liver damage when it is fatal; a mild case might
be treated as 'sepsis', might recover, and never
undergo liver biopsy. The comparatively better late
outcome in this group was expected. Patients with
familial neonatal hepatitis have a worse prognosis
than sporadic cases,13 5 18 especially with regard to
death from liver failure.

Alpha, antitrypsin deficiency has been claimed to
be another disease with a poor prognosis among
patients with neonatal liver disease.2 7 11 12 19 20
An association with the development of cirrhosis
and a paucity of interlobular bile ducts has been
noted1' 21 but could not be identified by other
authors19 or by our analysis. This study shows a
better outcome of patients with neonatal liver
disease associated with a, antitrypsin deficiency
than other studies, 2 7 11 12 19 20 with a prognosis
comparable to that of sporadic cases of idiopathic
neonatal hepatitis. The trend towards a slightly
worse prognosis of neonatal liver disease in a1
antitrypsir deficiency should be confirmed prospec-
tively in larger numbers of patients. It is possible
that patients with a 'normal' or 'slightly abnormal
liver' will go on to develop liver damage, but it
seems unlikely. None of the a, antitrypsin deficient
patients who were free of symptoms of liver disease
at the time of our earlier report' has subsequently
developed any signs of liver disease.

In general, babies with neonatal hepatitis of
unknown aetiology and with no family history of the
condition seem to die within the first few months or
the liver disease seems to heal. One patient with
definite liver disease at the time of review had
previously been regarded as being free from liver
disease. This patient illustrates the limited value of
clinical examination and biochemical tests of liver
function for follow up of patients with idiopathic
neonatal hepatitis, but represents only slightly more
than 1% of patients. In all other patients dying from
liver disease the unfavourable prognosis could have
been predicted by a long period of jaundice with
acholic stools' S and by the continuous disease
process without apparent recovery. We expect
therefore that deaths due to liver damage (with or
without septicaemia) may rise to a maximum of
29%, and mortality after the first year of life may
rise to 17%. Unfortunately, second associated
diseases are frequent15 6 among patients with
idiopathic neonatal hepatitis. These second diseases
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have caused mental and physical disabilities in a
number of patients in whom the liver healed well.

It is difficult to speculate on the causes of
idiopathic neonatal hepatitis, but patterns of out-
come may be of some value when considering
aetiology in conditions of unknown cause. The
results reported here (that is mortality rates, pattern
of extrahepatic defects) may be consistent with a
hypothesis that most idiopathic neonatal hepatitis is
caused by intrauterine infection with one of a variety
of viruses (yet to be identified), that familial cases
have a genetic predisposition that interferes with
healing of the liver damage, and that a1 antitrypsin
deficiency is one of these predisposing geno-
types.6 Sl() 22 Distinct second diseases (Table 1) may
interact by rendering subclinical hepatitis clinically
apparent rather than by predisposing to chronic liver
disease. Knowledge of prognosis is also important
when designing treatment trials. The prognosis of
babies with idiopathic neonatal hepatitis who do not
have prolonged jaundice and acholic stools is so
good that mortality could not be used as an end
point in a treatment trial. It would be necessary to
choose the group of patients with persistent jaundice
for any such trial.

Finally, our data indicate that most babies with
neonatal hepatitis who make a complete recovery
from all physical and biochemical evidence of liver
disease are very likely to remain healthy and well for
a long time (as far as liver disease is concerned) and
probably will enter adult life with no residual effects
upon the liver.

We thank all the paediatricians who allowed us to review their
patients or have provided us with follow up information, and those
who consistently referred patients to us and tolerated our desire to
maintain a longitudinal study. Many laboratory staff contributed to
the biochemical and microbiologieal assessments of these patients.
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