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Outcome of liver disease associated with
al antitrypsin deficiency (PiZ)
Implications for genetic counselling and antenatal diagnosis

H T PSACHAROPOULOS, A P MOWAT, P J L COOK, P A CARLILE, B PORTMANN,
AND C H RODECK

Departments of Child Health and Obstetrics and Gynaecology and the Liver Unit,
King's College Hospital Medical School London, and the MRC Human Biochemical Genetics Unit,
Galton Laboratory, University College, London

SUMMARY We reviewed the hepatic features in 136 children with % antitrypsin deficiency (PiZ).
Eighty two were studied prospectively, 74 of whom had chronic liver disease. Sixty seven children
with liver disease presented in the first four months of life, four were older infants and children with
chronic liver disease, 10 (three with liver disease) were identified in studies of the family of these
propositi, and one was identified when she had liver disease associated with infectious mono-
nucleosis. By 17 years of age 20 of these 74 children with chronic liver disease had died, 20 had
established cirrhosis, 19 had persisting liver disease, and only 15 had made a complete, clinical and
biochemical recovery. The outcome of liver disease was similar in a further 39 previously unreported
PiZ infants and children with liver disease who were not prospectively studied.
Because liver disease affects only a proportion of infants with PiZ phenotype and because the

severity of their liver disease is so variable, we have analysed the outcome of liver disease in 27
observed families and in 20 previously reported families with more than one child with PiZ. In 34
families the outcome of liver disease was similar in the two children. From an analysis of the families
with a severely affected child, we conclude that if the first PiZ child of PiZ heterozygote parents has
unresolved liver disease, there is a 78% chance that a second PiZ child will have similar liver disease.
After careful counselling, fetoscopy, fetal blood sampling, and protease inhibitor phenotyping,
possible termination ofpregnancy should be carefully considered in these families.

Since serious liver disease in childhood was first
reported with genetic deficiency of axl antitrypsin
(OCx ATD: protease inhibitor phenotype PiZ) by
Sharp and co-workers in 1969,1 numerous reports2-5
have confirmed the association. The mode of
presentation and severity of liver disease is
variable.5 6 Only a proportion of al antitrypsin
deficient (PiZ) children develop liver disease.3 In an
epidemiological study in Sweden in which 125 PiZ
infants were identified, only 11 % had hepatitis with
jaundice in infancy, although 50% had biochemical
evidence of liver disease.7
The alleles of ocx antitrypsin are inherited in an

autosomal, codominant fashion with the PiZ state
being inherited in an autosomal recessive manner.8
Technical developments have allowed the deter-
mination of PiZ in utero9 10 but it is not possible to

predict the presence or severity of liver disease.
Parents faced with the option of terminating a PiZ
pregnancy need information on the frequency and
prognosis of liver disease in the fetus with PiZ.
This prompted us to review the hepatic features
observed in 136 children with PiZ, 82 ofwhom were
prospectively studied. To determine whether liver
disease followed a similar course within a particular
family we have analysed the pattern of liver disease
in 27 families with more than one PiZ child, together
with the outcome in 20 families in the published
reports.

Patients and methods

Protease inhibitor phenotyping was performed in
409 infants presenting in the first four months of life
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Table 1 Presentation and current status of liver disease in: (a) 82 prospectively studied PiZ children, (b) 39 other PiZ
children identified in the United Kingdom because of liver disease, and (c) 15 PiZ children ascertained during family
studies performedfor reasons unrelated to liver disease or ax antitrypsin deficiency
Presentation Outcome

No Died Cirrhosis Persistent No evident Lost to
liver disease liver disease follow up

(a) Prospectively studied series
Hepatitis of infancy 67 19 19 14 15
Chronic liver disease 4 1 1 2 -

Family studies 10 - - 3 7
Infectious mononucleosis 1 - - - 1 -

Total 82 20 20 19 23 0

(b) Other UK liver families
Hepatitis of infancy 27 4 6 8 - 9
Chronic liver disease 9 3 4 1 1 -
Family studies 3 - - - 1 2

Total 121 27 30 28 25 11

(c) Found accidentally 15 - - - 15 -

with jaundice caused by hepatobiliary disease and in
461 older infants and children with liver disease seen
in the period from January 1971 to December 1980.
If the proband was PiZ the protease inhibitor
phenotype of parents and siblings was determined in
all except 27 parents and 18 siblings. Eighty two
infants and children with PiZ were identified from
63 index families. Sixty seven presented with liver
disease in infancy, four with features of cirrhosis,
and one with infectious mononucleosis without
persistent liver disease. A further three children were
found to have chronic liver disease among the 10
PiZ children identified in the course of the family
studies of the index cases (Table 1). Forty four
were boys.

Details of clinical, biochemical, and histological
features were prospectively recorded as part of a
continuing study of chronic liver disease in infants
and children. In the PiZ children 28 biopsies taken in
the first 6 months of life were available for review,
together with 22 biopsies obtained between 6
months and 8 years of age. The ages at most recent
follow up or death ranged from five months to
17 years.
Of 99 parents who were phenotyped, 90 were

PiMZ; 6 PiSZ; and one each Z, GZ, and Y Brighton
Z. There were no consanguinous marriages. Among
the 64 siblings phenotyped, 14 were PiM, 29 PiMZ,
15 PiZ, three PiMS, two PiSZ, and one PiMY
Brighton.

Less detailed information was available in a
further 54 PiZ children from various parts of the
United Kingdom, 39 ofwhom were identified because
of liver disease in 36 propositi, the remainder being
discovered incidentally during family studies of
other conditions. These children are included in

Tables 1 and 4 only, where they are identified
separately, and they have not been included in the
analysis of the pattern of liver disease.

Protease inhibitor typing was carried out by starch
gel electrophoresis8 in the first years of the study, but
more recent samples have been typed by isoelectric
focusing."

Results

Liver disease in infancy-presentation and outcome.
In 62 of the 67 children presenting with hepatitis in.
infancy, jaundice was the presenting feature, starting
at varying times between the first and eleventh week
of life (mean 2- 5 weeks). Jaundice lasted from 2-52
weeks (mean 12-7 weeks) and was most severe in the
first two months of life when the maximum serum
bilirubin concentration ranged from 65-360 ,mol/l
(mean 155 ,umol/l) (3*8-20 mg/dl, mean 9 1 mg/dl).
In all instances jaundice was accompanied by dark
urine and by pale or acholic stools.

Life threatening haemorrhage occurred in 8
patients and was the first feature of liver disease in
five. The prothrombin time was notably prolonged
(>2 minutes) in all patients but was corrected
within 24 hours with parenteral vitamin K. Two
infants had serious cerebral haemorrhage with
permanent neurological sequelae. All of the 67
patients had hepatomegaly but only 50% had
splenomegaly.
The subsequent evolution of the disease has

followed four patterns (Table 1). Nineteen children
(11 boys and 8 girls) died of liver disease. Their
jaundice cleared after a period of 4-52 weeks (mean
22 weeks), but other tests of liver function remained
abnormal and hepatomegaly persisted. At ages
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Table 2 Clinical and biochemical status of 48
surviving PiZ children who presented at King's
College Hospital with hepatitis in infancy

Cirrhosis Persisting No evident
liver disease liver disease

Number of patients 19 14 15
Boys 9 11 10
Girls 10 3 5

Age
Range 9 mths-14 yrs 6 mths-16-3 yrs 2-13.5 yrs
Mean 6-4 yrs 5-8 yrs 8-4 yrs

Number with
hepatomegaly (4
cm below costal
margin) 8 3 0

Number with
spleen palpable 14 7 0

Aspartate aminotransferase* (IU/I)
Range 75-275 128-250 <45
Mean 133 82

Alkaline phosphataset (IU/I)
Range 84-822 88-439 < 250
Mean 339 245

Gammaglutamyl transpeptidaset (IU/I)
Range 68-680 28-620 <45
Mean 306 233

Prolongation of
prothrombin time
by >3 seconds 9 0 0

Normal ranges *Aspartate aminotransferase 20-45 IU/I; talkaline
phosphatase 80-250 IU/I; tgammaglutamyl transpeptidase 15-45 IU/I.

ranging from 5 months to 13 years, hepatic de-
compensation manifest by ascites and hyponatraemia
(14 children), recurrence ofjaundice (6 children), and
haematemesis (3 children) occurred. Death followed
within two months to four years, at ages ranging
from 7 months to 17 years (mean 6 4 years). Hepatic
encephalopathy was present in 15 children before
death.

Nineteen children have cirrhosis. This was con-

firmed histologically in 18, but in one child with
a hard liver, massive splenomegaly, hypo-
albuminaemia, and a prolonged prothrombin time
the diagnosis is clinical as no biopsy has been
performed. All have abnormal liver function tests
(Table 2).

Fourteen children have persisting clinical or

biochemical evidence of liver disease (Table 2).
None have clinical features of cirrhosis. Liver
biopsies have been performed in 9 children. None
show cirrhosis, although three have severe increase in
intralobular fibrosis, two a moderate increase, and
four a mild increase. Two children show no increase
in fibrosis.

Fifteen children have no clinical features of liver
disease and now have normal liver function tests
(Table 2). The last test to return to normal was the
aspartate aminotransferase which became normal at
ages ranging from 9 months to 11 years. (mean 4
years).

Table 3 Hepatic status at most recent follow up of 19 families with more than one PiZ child. The ages at most
recent follow up or death are given. (Family II was previously reported by McPhie et al.'4)
Family No Oldest PiZ sibling Younger PiZ siblings

Age Sex Hepatic status Age Sex Hepatic status
(years) (years)

Group 1-No apparent liver disease (similar course)
1 11I M Complete recovery* 8 M Complete recovery*
2 12 F Complete recovery 8 M Complete recovery*
3 15 F Infectious mononucleosis 9 F Never ill*

complete recovery
4 6 F Never ill 2 M Complete recovery*
5 14 F Complete recovery 8 M Complete recovery*

Group 2-Persisting liver disease (similar course)
6 0-5 M Raised AST*t 0.5 M Raised ASTt
7 10 M Raised AST* 7 M Raised AST
8 2 F Raised AST 075 M Raised AST*
9 6 M Raised AST 3 F Raised AST*
10 7 F Raised AST S M Hepatomegaly with normal AST*
Group 3-Fatal liver disease or cirrhosis (similar course)

11 17 M Cirrhosis* 10 F Died
12 9 M Died* 3 M Died
13 0.5 F Died 13 F Cirrhosis*
14 0.5 F Died 14 M Cirrhosis
15 14 M Cirrhosis* 1 1 M Cirrhosis

Group 4-Only one child severely affected (dissimilar course)
16 6 F Died** 6 M Mild hepatic fibrosis*
17 10 M Cirrhosis*t 10 M Moderate hepatic fibrosist
18 9 M Never ill 4 M Died*
19 2 M Never ill 0.5 M Cirrhosis*

*Propositus; tidentical twins; *non-identical twins. AST = aspartate aminotransferase.
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The mean duration ofjaundice, its severity, and the
increase in the aspartate aminotransferase and
alkaline phosphatase values was higher in the first
two months of life in those infants who subsequently
died than in the other three groups, but the
differences did not reach statistical significance.
There was considerable overlap in the values of these
parameters found in the first few months of life in
infants with these four modes of outcome. Where
liver biopsies taken in the first 6 months of life
showed cirrhosis, or moderate increase in periportal
fibrosis the children died or have cirrhosis.

Liver disease presenting in childhood. Two children
with cirrhosis presented at 5 years of age with
haematemesis and ascites respectively. The latter child
died of liver disease 18 months later. Two patients
aged 5 and 7 years were found to have hepato-
splenomegaly on physical examination performed
for unrelated problems, and had moderate hepatic
fibrosis on liver biopsy. None had a history of liver
disease in infancy. All survivors had persistently
abnormal liver function tests. An 11 year old girl
identified during an attack of infectious mono-

nucleosis has no persisting clinical or biochemical
features of liver disease.

Children identified by family studies. Ten further
children ranging in age from 8 months to 14 years
(mean 7 - 0 years) were discovered to be acl antitrypsin
deficient after a sibling presented with liver disease.
Seven have no clinical evidence of liver disease and
liver function tests are normal. Three have raised
aspartate aminotransferase values. Liver biopsy,
performed on two of these children who also had
hepatosplenomegaly, showed a mild increase in
portal tract fibrosis but no cirrhosis.

Presentation and outcome of liver disease in families
with two or more PiZ children. Two or more children
with PiZ were identified in 19 index families (Table 3).
In families 1, 2, 9, 12, 13, 14, and 15 both children
presented with jaundice caused by hepatitis in
infancy, as did all three children in family 11. The
patient in family 7 presented at 7 years of age with
hepatosplenomegaly and his 3 year old brother was

found to have the same features. In family 16, one of
non-identical twins presented with decompensated
cirrhosis at the age of 5 years. In the other 9 families,
7 of the propositi had hepatitis in infancy, one had
haematemesis (family 17), and one infectious
mononucleosis (family 3), while their PiZ siblings
had no features of liver disease. The diagnosis was

reached in family 1 because there were two affected
boys (ie they were both propositi) but the other 18

index cases would have been included in this series
whether or not they had affected siblings.
At most recent review a similar evolution of liver

disease was observed in 15 families. In five (group 1)
neither sibling has clinical or biochemical evidence of
liver disease. In group 2 both siblings have
persistently raised serum transaminases and hepato-
splenomegaly. Liver biopsy in five of these children
showed severe portal tract fibrosis without definite
cirrhosis. Five children (group 3) have died of liver
disease and the surviving siblings all have cirrhosis.
The evolution of liver disease was dissimilar in

four families (group 4). The probands have cirrhosis.
Two are dead. Brothers of two have no liver disease.
A non-identical twin (family 16) has slight hepato-
megaly, a raised aspartate transaminase value of
66 IU/I, mild portal tract fibrosis, but no cirrhosis.
The identical twin (family 17) has no clinical or
biochemical evidence of liver disease, although liver
biopsy at 6 years of age showed a moderate increase
in portal tract fibrosis.

Table 4 Reported outcome of liver disease in PiZ
children from 20 families in the published reports with
more than one PiZ child. Three families presenting with
liver disease in the UK have been added, together
with five UK families (23-27) discovered during other
family studies. The ages given are those at the time
of reporting or at death

Family Ages (years) Source
No

Group 1-No apparent liver disease (similar course)
20 7 and 5 Ref4
21 21and9 Ref 12
22 19 and 15 UK
23 20and 15 UK
24 18 and 13 and 9 UK
25 14andll UK
26 21 and 13 UK
27 23 and 17 UK
Group 2-Persisting liver disease (similar course)
28 3 and O-5 Ref4
29 4 and 4 Ref4
30 3 and 3 Ref 4
31 2and 10-5 Ref 4
32 3 and I Ref13
33 2 and I UK

Group 3-Fatal liver disease or cirrhosis (similar course)
34 12 cirrhosis: 7 cirrhosis Ref 1

35 2 died: 6 cirrhosis Ref 1
36 6 died: 5 cirrhosis Ref 14
37 5 cirrhosis: 3 cirrhosis Ref 4
38 4 died: 0-51 died Ref'5

Group 4-Dissimilar course
39 6 no disease: 5 no disease: 4 raised LFT Ref 2
40 18 no disease: 12 cirrhosis Ref 1
41 9 cirrhosis: 4 persisting disease Ref 15
42 21 no disease: 7 cirrhosis Ref 4
43 13 no disease :10 cirrhosis Ref 6
44 3 died: 1 no disease Ref 16
45 1 1 died: 14 no disease: 12 cirrhosis Ref 17
46 16 no disease: 14 no disease: 12 died Ref 4

47 12 died: 12 no disease UK
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Outcome of liver disease in PiZ children in other UK
families and reported in families with more than
one PiZ child. In Table 4 we have summarised the
reported outcome of liver disease in families with
more than one PiZ child. We have added data from
a further 8 UK families, three identified because of
liver disease and five ascertained during other family
studies. In 8 families (group 1), neither sibling had
clinical or biochemical evidence of liver disease.
In 6 families (group 2) both had persisting liver
disease with hepatosplenomegaly, abnormal liver
function tests, and increased intrahepatic fibrosis
without cirrhosis. In five families (group 3) both
siblings had either cirrhosis or had died at the time of
reporting. Thus in 19 of these 28 families (68 %) both
siblings had a similar ouctome of their liver disease.
In contrast, the outcome was dissimilar in 9 families
(group 4), including three with three PiZ children.

Discussion

This study confirms the frequent association of oc1
antitrypsin deficiency with serious liver disease in
infancy and childhood and emphasises the variability
in its severity and prognosis which makes genetic
counselling so difficult, in spite of the known mode
of inheritance. The high proportion (over 90%)
presenting in early infancy may reflect our interest in
liver disease in this age group.18 Of 67 prospectively
studied children presenting in infancy, 19 are
already dead, and 19 have cirrhosis, while only 15
have no evident liver disease. Seven of the remaining
14 may have cirrhosis since they have persisting
splenomegaly, but in others the liver function tests
may become normal. As in an earlier study of 33 of
these infants,19 it was found that the clinical and
biochemical features of hepatitis in infancy were not
a reliable guide to later prognosis. At present there is
no treatment that modifies this liver disease. Liver
transplant returns the protease inhibitor phenotype
to normal and may prevent the development of
pulmonary complications but transplantation
remains a formidable research undertaking with
many problems, and is likely to be available to only
a minority ofchildren.20

In considering genetic counselling it must be
appreciated that 80-90%o of PiZ individuals have no
clinical evidence of liver disease in infancy and
although 50% have abnormal liver function tests up
to four years of age,2' the recognition of liver disease
late in life is relatively rare. a, antitrypsin is con-
sidered to be biochemically identical in all PiZ
individuals with or without liver or lung disease.
What initiates the liver damage or what determines
its severity is not known.6 22 23 The similarity of the

liver disease in most families in this study supports
the hypothesis that a second genetic factor may be
necessary and the lack of similarity in 17 of 47
affected families may be partly explained by segre-
gation of a second genetic locus. The dissimilarity in
the severity of the liver disease in the monozygotic
twins, however, refutes the two locus hypothesis and
suggests that environmental influences may be
important.

Heterozygote parents who already have one infant
with serious liver disease and who have a 25% risk
that any subsequent offspring will also be PiZ need
to know the chance of severe liver disease in such a
homozygous child. This may be estimated from
groups 2, 3, and 4 of Tables 2 and 4. Twenty one
children with persisting or severe liver disease had
similarly affected siblings. Six severely affected older
children had an unaffected or less severely affected
sibling or twins. (Dissimilar families where the older
child was the unaffected one would not present for
counselling.) Thus, 21 of 27 (78%) children with
liver disease had similarly affected younger siblings.
Hence parents may be told that the risk to the
second child when the first child is severely affected is
78%. Similarly, when both parents are PiMZ the
risk to any subsequent fetus before its protease
inhibitor type has been assessed by fetoscopy is
approximately 20%.
For these parents prenatal diagnosis by fetal

blood sampling with termination of the pregnancy if
the fetus is PiZ is an option well worth considering
in spite of the 4-7% reported risk of inadvertent
termination of pregnancy at fetoscopy,24 which is
similar to our own unreported experience of 3 % in
over 300 fetoscopies. The prenatal diagnosis of a
PiM or PiMZ fetus would be a welcome alternative
to termination of pregnancy, sterilisation, or
permanent contraception.

Justification for fetal blood sampling is more
difficult when the first affected child has only mild
liver disease, but consideration has also to be
given to the risks of developing incapacitating
emphysema in early adult life that may occur in
between 10 and 50% of PiZ individuals.22 The
decision to abort a PiZ fetus cannot be made
lightly. Persistent adverse psychological and social
reactions were commoner in patients undergoing
termination of pregnancy for genetic reasons than
for social ones.25

Skilled counselling before and support after such a
termination, is essential if the procedure is not to be
followed by long term morbidity. Hence, although
the development of fetoscopy with the identification
of PiZ phenotype early in pregnancy is an important
advance, the course of the liver disease in the index
case, the family response to the child's illness and
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their attitude towards subsequent children, must all
be carefully considered before offering fetoscopy and
possible termination of pregnancy.
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A T Piesowicz, C A Porter, B L Priestley, A Robertson,
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