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Prognostic value of serum alpha-fetoprotein in
fulminant hepatic failure including patients treated
by charcoal haemoperfusion
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SUMMARY Serum alpha-fetoprotein (AFP) levels have been measured sequentially by a radio-
immunoassay method in 64 patients with fulminant hepatic failure. In 15 of the 64 patients (23 %)
AFP levels were raised but in only two did they exceed 500 ng/ml. Of the 23 survivors 11 (48 %) had
raised AFP levels compared with four of the 41 (9-8 %) fatal cases (p < 0 005). This rise in AFP
levels was found early after the development of grade IV coma and constitutes an encouraging prog-
nostic sign at a time when the liver function tests and EEG are unhelpful. A radioimmunoassay
must be used if these small but significant rises in plasma concentration are to be detected. Twelve
patients survived without showing a rise in plasma AFP at anytime during the illness. The four fatal
cases who had raised AFP levels all had serious complications of fulminant hepatic failure. Charcoal
haemoperfusion did not seem to increase the survival of AFP negative patients.

Alpha-fetoprotein (AFP) is a serum a,-globulin pre-
sent in very low concentration in normal adult serum.
Greatly raised levels are frequently found in patients
with primary hepatocellular carcinoma, teratoma,
and occasionally in other tumours (Abelev, 1971).
Smaller increases in AFP concentration may occur
in patients with a variety of liver disease such as
viral hepatitis and cirrhosis (Kew, 1974; Ruoslahti
et al., 1974; Bloomer et al., 1975a) and evidence
from experimental animals suggests that this rise
could be used as a marker for the regenerative re-
sponse of the liver after massive liver damage (Sell
et al., 1974). lndeed, a number of workers have re-
ported that AFP levels in patients with fulminant
hepatic failure may be a useful guide to prognosis
particularly during the early stages of the disease
when the biochemical findings and EEG are un-
helpful (Opolon et al., 1973; Karvountzis and
Redeker, 1974). In this paper we report our ex-
perience in 64 patients with fulminant hepatic
failure using a sensitive radioimmunoassay.

Methods

The sixty-four patients investigated ranged in age
'Present address: Charing Cross Hospital, London W6.
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from 15 to 64 years (males, 14, females, 50) and were
in gradem or IV encephalopathy (Trey et al., 1966)
at the time of study. Only two patients did not
progress to grade IV coma. The aetiology of the
liver disease and the distribution of the 23 survivors
among the aetiological groups is shown in the Table.
The four patients with drug hypersensitivity were
taking isoniazid, methyl dopa, phenelzine, and
pyrazinamide respectively. The blood samples-214
in all-were taken serially during the course of ill-
ness and in all but seven patients at least two samples
were available. They were separated and stored at
- 20°C until assayed.
Serum AFP was measured by a sensitive radio-

immunoassay using a modification of the methods of
Nishi and Hirai (1973) and Purves and Purves (1972)
with polyethylene glycol as a precipitating agent
(Leek et al., 1975). For the present study patients
with serum concentrations greater than 50 ng/ml
were considered AFP positive. Preliminary screen-
ing of sera was also performed by a cellulose acetate
counter immunoelectrophoresis technique capable
of producing results within 90 minutes with a
sensitivity of the order of 200 ng/ml (Kohn, 1973).

Quantitative analysis of the extent of hepatocyte
loss in needle samples of liver taken immediately
after death was performed by a differential point
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Table Aetiology offulminant hepatic failure in 64 cases together with number ofsurvivors and cases with serum c-feto-
protein levels > 50 ngfml
Aetiology No. of cases Fatal cases Survivors

Total AFP positive Total AFP positive

Paracetamol overdose 24 16 - 8 3
Acute viral hepatitis
Type A 15 8 3 7 4
Type B 8 6 - 2 1

Halothane associated 10 8 1 2 1
Fatty liver of pregnancy 2 1 - I -

Amanita phalloides I - - I -

Drug hypersensitivity 4 2 - 2 2
Total 64 41 4 23 11

counting procedure using a 42-point graticule
(Portmann et al., 1975). The mean value was calcu-
lated from 50 to 60 high power fields, and the re-
sult expressed as the hepatocyte volume fraction
(HVF) which is the percentage of the liver volume
occupied by hepatocytes. The normal range is
85 ± 5% (Portmann et al., 1975).

Results

Only 15 of the 64 patients (23%) had serum AFP
levels greater than 50 ng/ml at some stage during
their illness. In five patients the levels were greater
than 200 ng/ml but in only two patients were the
levels greater than 500 ng/ml. Of these 15 AFP posi-
tive patients, all of whom who were in grade TV
coma at the time of the first positive sample, 11 re-
covered completely. This is to be compared with 12
survivors from among the 49 AFP negative patients
(X2 = 9-87, p < 0005). Examining the results in
another way, of the 23 survivors 11 (48%) were
AFP positive compared with four of the 41 (9 8%)
fatal cases.

Examination of the time when the serum AFP
levels rose in relation to the clinical course (Fig. 1)
shows that in each case this was on or before the
fourth day of grade IV coma. In three cases in which
fulminant hepatic failure followed a paracetamol
overdose, AFP levels rose between the fourth and
sixth day after the overdose (on the first, third, and
fourth days of coma) and this time relationship was
also seen in two other patients not included in this
series who developed less severe liver damage with-
out encephalopathy. In one patient levels remained
raised at 120 ng/ml for only two days before return-
ing to normal but, in most cases, values were still
raised, although falling towards normal at the end
of the first week. In three patients plasma levels were
still raised at two weeks when the patients were fully
conscious.
Each of the four AFP positive patients who died

had developed a serious complication of the disease,
two had haemorrhagic pancreatitis and two cases
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ng/ml

101
1 2 3 4 5 6 7 8

Days after Grade IV Coma

Fig. 1 Serial oc-fetoprotein levels in four
representative patients at intervals after the development
ofgrade IV coma.

had uncontrollable gastrointestinal haemorrhage.
The morphometric assessment of the liver bopsies
taken immediately after death in these four patients
gave hepatocyte volume fraction values of 18'8, 28,
8-7, and 23-9%. The mean hepatocyte volume frac-
tion for the 37 AFP negative fatal cases in whom the
value was available was 17-6 ± SD 11'6%.
The group of 12 AFP negative patients who sur-

vived did not seem to differ in any way from the
AFP positive survivors. The aetiology and the
severity of their liver disease were similar in the two
groups, as were the mean ages (mean 28'5 and 27-4
years respectively). Furthermore, in eight of the 12
patients plasma samples were examined up to at least
the fifth day after the onset of grade IV coma, at
which time raised AFP levels were always found in
the AFP positive group. One such case is illustrated
in Fig. 2.

Forty-three of the 64 patients were treated by
charcoal column haemoperfusion, this being car-
ried out for four hours daily until consciousness was
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regained or the patient died. Seventeen of the 23
survivors were treated and of these 11 were AFP
positive and six AFP negative. Six of the 29 AFP
negative patients in the charcoal treated group sur-
vived, compared with six survivors out of 20 AFP
negative patients in the group not receiving charcoal
perfusion.

Discussion

The development of raised plasma AFP levels found
in 23% of this series of patients with FHF has been
shown to be a good prognostic sign, for the survival
rate of such patients (73%) is significantly better
than in those in whom AFP levels remained low
(24%). Raised levels, when they develop, are found
within the first few days of grade IV coma, at a time
when the prognosis is uncertain and EEG and bio-
chemical parameters such as prothrombin time and
serum aspartate aminotransferase levels are un-

helpful. In all 15 AFP positive cases the levels were
raised within the first four days of grade IV coma
and, although plasma samples were taken after this
time from many other patients, both in the survivors
and in those who died, no further patients were
found to develop raised AFP levels. We do not agree,
therefore, with the suggestion of Bloomer et al.
(1975b) that the rise in AFP levels is related to the
duration of the illness rather than the final clinical
outcome. The AFP positive patients in our series
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Fig. 2 Serial changes in liver
function tests and grading of
encephalopathy after a paracetamol
overdose. Note the development of
a cholestatic phase during recovery.
No rise in a.-fetoprotein concen-
tration occurred during the period of
observation.

who died all had serious complications of fulminant
hepatic failure and it is now well recognised that
many such patients die from cerebral oedema, in-
fection, or pancreatitis at a time when liver re-
generation is occurring and liver function is improv-
ing (Gazzard et al., 1975a). Complications were also
responsible for the deaths of eight of the 12 fatal
AFP positive cases reported by Karvountzis and
Redeker (1974).
Age may be an important factor determining

both survival in fulminant hepatic failure and AFP
response, for, at least in viral hepatitis (Bloomer et

al., 1975b), there is some evidence that rises in AFP
are seen more often in younger patients, but in the
present series there is no difference in the mean age
of AFP positive and negative survivors. The level of
plasma AFP seen in 10 of the 15 AFP positive
patients was 200 ng/ml or less and would not have
been found by countercurrent immunoelectro-
phoresis (Kohn, 1973), which in its most sensitive
form detects levels down to about 200 ng/ml, so
that it is clearly absolutely essential to use a sensitive
technique like radioimmunoassay. In four patients
levels lay between 40 and 50 ng/ml and they have
been regarded as AFP negative because of the un-
certain effects of transfusions of blood and plasma.
The positivity rate using this method in our series
(23%) was lower than in the 51 patients with FHF
due to viral hepatitis studied by Karvountzis and
Redeker who used countercurrent immunoelectro-
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phoresis. The overall incidence of AFP positive
cases in their series was 57% (85% survivors and
39% of fatal cases). The reasons for the difference
are not clear, but they may be related to differences
in the age structure of the two populations and to the
aetiology of the liver disease, although when our
patients with viral hepatitis are analysed separately,
the results are similar to those of the overall series.
Another factor which has to be considered is that

43 of our 64 patients were treated by charcoal haemo-
perfusion (Gazzard et al., 1975b) on at least one
occasion but studies on samples taken simultane-
ously from the input and output lines showed that
AFP was not extracted by the column. There is no
evidence that the overall low rate AFP positivity in
the survivors was attributable to charcoal haemo-
perfusion improving the survival of AFP negative
cases, for only half of these cases were so treated and
the survival rate was in fact higher in the non-
perfused group. The timing of the samples is also
important. In the great majority of our cases several
samples were taken after the onset of grade IV coma
and, as AFP levels usually remain raised for at least
several days (Opolon et al., 1973; Karvountzis and
Redeker, 1974), it seems unlikely that we failed to
detect many patients who were AFP positive. How-
ever, in the case of FHF after paracetamol overdose,
the whole clinical course from the onset of liver
damage to death is usually quicker than in viral
hepatitis. AFP levels were raised between four and
six days after the paracetamol overdose in the three
AFP positive patients but in 12 of the 21 AFP nega-
tive paracetamol cases, all but one of whom died,
samples were not available later than the fifth day
after the overdose and so in some of these cases a
subsequent rise immediately before death cannot be
excluded.

It is clear from our work and also studies by
Opolon et al. (1973) that AFP is not an infallible
criterion for the occurrence of regeneration and full
recovery from fulminant hepatic failure can occur
without the levels of AFP rising. An analogy might
be drawn with the two apparent populations of
patients with primary hepatocellular carcinoma of
whom only some 80% seem to be AFP producers
(Kohn and Weaver, 1974; Bloomer et al., 1975b).

Other means of predicting the clinical outcome of
the patient with fulminant hepatic failure in grade
IV coma have been described recently. These in-
clude measurements of the galactose elimination
capacity (Tygstrup et al., 1975), the HVF on a liver
biopsy taken during the acute illness (Opolon et al.,
1975), and the percentage conjugation of an intra-
venous trace dose of 14C-cholic acid (Horak and
Waldram, 1975). None of these techniques has been
shown to identify precisely those with potential for

survival but the accuracy might be improved by the
use of more than one method. Such an approach
should be of value in planning and evaluating new
methods of treatment such as charcoal haemoperfu-
sion.

This work is part of a programme of research into
liver support systems supported by the Medical Re-
search Council and the Wates Foundation.
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