
J Clin Pathol 1982;35:1011-1017
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SUMMARY Serum glycocholic acid (SGC) was measured by radioimmunoassay in 277 samples from
122 children with hepatobiliary disorders and from 23 healthy age-matched controls. In patients
with hepatobiliary disease the SGC was more frequently abnormal (83%) than values for serum
albumin (7%), prothrombin time (17%), bilirubin (22%), alkaline phosphatase (45%), aspartate
transaminase (57%) and gammaglutamyl transpeptidase (63%). The cumulative frequency of
abnormality of these six tests was equal to that of SGC alone. Serum glycocholic acid concentra-
tions were raised in 13 patients in whom all other tests of liver function were normal. Two of
these had clinical and histological evidence of liver disease, while four had biopsy-proven hepatic
fibrosis or cirrhosis, and two of three with chronic active hepatitis in remission subsequently
relapsed. Four patients have as yet, no other clinical or biochemical evidence of continuing liver
disease. Serum glycocholic acid was normal in seven children with abnormal aspartate transaminase
or gammaglutamyl transpeptidase in whom there is strong suspicion of significant hepatic disease.
A wide range of values of SGC was found with marked overlap between the values found in the

different disease entities studied. The SGC value was related to the serum concentration of
aspartate transaminase and gammaglutamyl transpeptidase but not to other tests of liver func-
tion.
Serum glycocholic acid concentration was considered in relation to the severity of histological

abnormality in 25 percutaneous liver biopsies. The extent of the rise in SGC was related to the
presence or degree of histological severity of oedema in the portal tracts, disruption of the
limiting plate, parenchymal fibrosis and hepatocellular necrosis but not to other histological
features.
The very high incidence of abnormal SGC values found in this study does suggest that in an

ordinary inpatient and outpatient service SGC determination is a practical and sensitive indicator
of the presence of significant liver disease but for its comprehensive identification aspartate
transaminase and gammaglutamyl transpeptidase must also be determined.

While there have been numerous studies of serum measured in infants and children. To assess the
bile acid concentrations in adults with liver dis- value of this investigation in the clinical manage-
ease'-'6 there have been relatively few observations ment of infants and children with liver disease we
in children. 7-20 With radioimmunoassay using iodi- have determined in serum one conjugated bile acid
nated ligands it is now possible to measure easily (glycocholic acid) and considered the results in rela-
serum bile salt concentrations in as little as 25 p,l of tion to conventional tests of liver function and to the
serum and thus serum bile acids may be serially underlying disease process. Little is known about

the relation of serum bile acid concentrations to his-
Accepted for publication 20 January 1982 tological findings within the liver. The serum
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glycocholic acid concentrations (SGC) were there-
fore considered in relation to the degree of change
observed in the liver biopsy.

Patients and methods

Serum samples (n = 277) were obtained from 122
children aged one month to 16 yr with a variety of
liver disorders and from 23 age-matched controls
without clinical or biochemical evidence of liver or
gastrointestinal disease. The liver disorders (Table
1) were confirmed by appropriate clinical, biochem-
ical, radiological, and histopathological techni-
ques.2' The miscellaneous group included one
patient with each of the following: Gilbert's syn-
drome, Dublin-Johnson syndrome, Niemann-Pick
disease, benign recurrent intrahepatic cholestasis,
congenital hepatic fibrosis and bile duct stricture.
Blood samples were drawn from non-fasting

patients between 1400 and 1600 hours and sepa-
rated and stored at -20°C prior to radioimmunoas-
say. Standard tests of liver function (LF) including
serum bilirubin, aspartate aminotransferase (AST),
alkaline phosphatase (ALP), albumin, prothrombin
time and gammaglutamyl transpeptidase (GGTP)
were performed by routine laboratory methods.

RADIOIMMUNOASSAY
Serum glycocholic acid (SGC) was measured by
radioimmunoassay using CG-RIA Diagnostic Kit
(Abbott Laboratories). The assay mixture contained
25 ,ul of test serum, 200 ,ul of '25I-tyrosine derivat-
ised glycocholic acid tracer, and 200 ,lI of rabbit
antisera. The bound radioactivity in the precipitate
after the addition of 2 ml of polyethylene glycol was
determined with Auto-Gamma Scintillating Spec-
trophotometer (Packard, Model 578). The
coefficient variation of the method was 9.3% within
assay, (n = 12) and 9*7% Interassay, (n = 10) at a
concentration of 1*13 ,umol/l.

LIVER BIOPSY
Twenty-five percutaneous liver biopsies were asses-
sed by one pathologist (BP) independently of the
results of SGC. Only those biopsies performed
within 15 days of serum bile acid determination in
patients with chronic active hepatitis or biliary
atresia and within 60 days in the other patients were
analysed (Table 1). The following histological fea-
tures were classified as being absent, mild, moderate
or severe; portal tract fibrosis, oedema, cellular
infiltrate, bile duct reduplication, bile plugs, disrup-
tion of the limiting plate (piece-meal necrosis), lobu-
lar fibrosis, multinucleated giant cell transformation
and cholestasis.

STATISTICS
The correlation between the SGC and LF tests were
analysed by Spearman's rank-correlation tests;
comparison between the abnormal proportions of
SGC and LF tests by McNemar's test.22 Student's t
test was applied to the log values of SGC considered
in relation to the severity of the histological abnor-
mality in the liver biopsy. p < 0*01 was considered
significant.

Results

In the control subjects the mean SGC value was
0-88 + 0-26 gmolIl; values above 1-42 ,umol/l were
considered abnormally high. Significantly raised
mean values of SGC and a wide range were found in
all forms of hepatobiliary disorders (Fig. 1). When
compared with conventional tests of liver function
the SGC was more frequently abnormal than any
other single test (Table 2), being abnormal in bet-
ween 82 and 84% of samples as compared with 22,
57, 41, 7, 17, and 63% of samples analysed for total
bilirubin, AST, ALP, albumin, prothrombin time,
GGTP respectively. Raised SGC values were found
more frequently than any abnormality in five con-
ventional tests of liver function when these did not
include GGTP. The addition of GGTP to the liver
function tests profile increased the incidence of
abnormal results to that found with SGC determina-
tion alone. The SGC concentration correlated with
the AST (r = 0*72, p < 0-001) and GGTP (r = 0*73,
p < 0.001) but not with the bilirubin, ALP, albumin
or prothrombin time.
Of 98 serum samples in which all LF tests were

performed, in 10 of 81 samples with raised SGC all
LF tests were normal while in 8 of 79 with an
abnormality in the LF tests the SGC was normal.
Table 3 summarises clinical data from 13 patients
from whom 16 samples gave abnormally high SGC
values but in whom the LF tests performed were
normal. Nine of these had biopsy-proven chronic
liver disease. In two the SGC was normal on another
occasion when LF tests gave an abnormal result.
Two of three patients with chronic active hepatitis
who were apparently well controlled as assessed by
conventional LF tests but showed raised SGC sub-
sequently developed other evidence of active liver
disease. One patient with extrahepatic portal hyper-
tension had a raised SGC when other tests of liver
function were normal. In two patients with cystic
fibrosis without clinical evidence of liver disease the
SGC and gammaglutamyl were on different occa-
sions, the sole abnormality.
Serum glycocholic acid values were normal in four

subjects with cystic fibrosis who had raised AST or
GGTP. In none was a liver biopsy performed but all
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Serum glycocholic acid (pumol/l)

Mean + SD

44 0+ 29-1 Fig. 1 Serum glycocholic
acid values in infants and

8.4±+ 8-7
children with liver
disease-the figure shows
the individual SGC values

91-8 + 54-9 in serum samples from
children with 12 specifi

2 8 ± 3 1 hepatobiliary disorders, a
group ofchildren with

25 9 ± 24 0 miscellaneous liver disease
and 12 age-matched
controls. To the right is

9 8 ± 14 7 shown the mean value and
one standard deviation for

2 9 ± 2-4 each group. The groups
comprise: EHBA =

145 + 16-1 extrahepatic biliary atresia;
CC = choledochal cyst;

5-1±6 9 IHBA = intrahepaticbiliary hypoplasia; NH =
cryptogenic hepatitis of

8-6 + 7 9 infancy; AAD =

alpha-l-anttrypsin
1.5 ±1-2 deficiency; CF = cystic

fibrosis; GAL =
10 5 ± 13-1 galactosaemia; CAH =

chronic active hepatitis;
11 3+ 26-1 WIL = Wilson's disease;GLY x glycogen storage

disease; FHF = fulminant
088 + 026 hepatic failure; PVO =

I, portal vein obstruction
100 200

Table 1 Patients studied

Diagnosis Patient No SGC samples (No) Age range Biopsy samples (No)

Extrahepatic biliary atresia 16 52 1 month-6 yr 4
Choledochal cyst 4 6 6 months-4 yr 1
Intrahepatic biliary hypoplasia 7 7 3 months-10 yr I
Survivors of idiopathic neonatal hepatitis l1 27 1 yr-8 yr 3
Alpha-l-antitrypsin deficiency 14 44 4 months9 yr 4
Cystic fibrosis 29 38 4 yr-16 yr 2
Galactosaemia 2 3 5 months-10 yr 0
Chronic active hepatitis 14 51 3 yr-14 yr 3
Wilson's disease 5 11 9 yr-16 yr 1
Glycogen storage disease 3 4 10 months-8 yr 1
Survivors of fulminant hepatic failure 4 8 8 yr-14 yr 2
Portal vein obstruction 7 10 4 yr-1S yr I
Miscellaneous 6 16 2 yr-14 yr 1
Control subjects 23 23 2 months- 1 yr 0

had abnormal liver scintiscans using Technetium col-
loid. The value was normal in one anicteric child
with surgically corrected extrahepatic biliary
atresia who had hepatosplenomegaly and a raised
gammaglutamyl transpeptidase activity. It was also
normal in two children who appeared to have made
a complete clinical recovery from hepatitis in
infancy but who still had raised AST or GGTP and
abnormal liver biopsies (Table 4).

LIVER BIOPSY AND SGC
The limited number of biopsies and particularly the
small number with lesions of the same degree of
severity limited statistical examination of the corre-
lation between the severity of liver disease and the
SGC values. A statistical association between the
SGC concentration and the presence or severity of
pathological change, was demonstrated only for the
following histological features. Mild as compared to

EHBA

CC

IHBA

NH ..

AAD

CF .
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Others

Controls
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I
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moderate oedema of the portal tracts; mild degrees the biopsy changes were of moderate intensity. Even
of disruption of the limiting plate, fibrosis in the mild degrees of such abnormalities were also associ-
hepatic parenchyma and hepatocellular necrosis, ated with raised SGC concentrations, except in three
were associated with higher SGC values than those instances in which mild hepatic fibrosis was found
found in biopsies showing no such abnormality. The (Fig. 2). SGC values were significantly raised in five
SGC value was not higher however in those in whom patients with definite cirrhosis.

Table 2 Comparison of sensiivity between SGC and liver functon (LF) tests in serum samples

Liver function Total AST ALP Albumin Prothrombin GGTP LF test profie
test results bilirubin time

Without GGTP With GGTP

LF test}abnormal 54 136 95 13 28 103 81 71
(b) SGC abnormal 150 66 104 134 121 41 27 10

LF test normal
(c) SGC normal 1 5 4 0 2 6 6 8

LF test abnormal
(d) SGC

LF test } normal 42 39 38 30 28 23 15 9
N (= a + b + c + d) 247 246 241 177 179 173 129 98
Abnormality of SGC 83 82 83 83 83 83 84 83
= (a + b)/N (%)
Abnormality of LF test 22 57 41 7 17 63 67 81
= (a + c)/N (%)
U =K% (b___ 1C)-|/12 04 712 9.53 1149 1064 4-96 3 48 0-24

Sig ap2V b C±) <
Significance p < 0.001 p < 0001 p < 0.001 p < 0.001 p < 0-001 p < 0-001 p < 0.01 NS

Table 3 Patients whose samples showed abnormal SGC and normal LF test

Age SGC Bilirubin AST ALP Albumin Prothrombin GGTP Liver size Spleen size Biopsy
(yr) (,umolll) (pmol/l) (.'Ull) (lUll) (gll) time (%) (IUIl) (cm) below (cm) evidence of

costal chronic liver
margin disease

AS Survivors of idio- 12/12 2-77 NR 31 149 47 81
pathic NNH

PV , 5 1-93 NR 33 132 43 93
KB ,, ,, 5 1-68 NR 24 153 36 87
KN ,. ,, 6 1-52 NR 36 159 42 87
SW 6,,6/2 3-39 NR 29 163 43 76

69/I2 4-31 NR 32 145 46 81
,8 2-26 NR 27 193 52 80

SC Chronic active 10 2 71 NR 16 91 44 75
hepatitis

DM 12 2-77 NR 20 130 50 93
LB ,. 10 5-24 NR 23 126 48 76
SN Cystic fibrosis 10 2.44 NR 21 166 41 80
WS ,, 12 2-40 NR 29 143 47 93
MH Survivors of 8 3-39 NR 14 153 40 93

fulminant hepatic
failure

10 2-63 NR 15 109 42 93
FC Choledochal cyst 13/12 5-54 NR 39 129 41 76
JR Portal vein obst 8 3-80 NR 28 159 41 81
Normal range 1-42 3-4-20-4 s 40 s 250 2 35 ¢ 75

(-) 2

(-) 1
(-

I

12 3
32 3
16 3
10 0

34 (-)
25 3
32 4
12 0
(-) 2

0 +

0 _
0 _
0 +
7 +
5
5 +
0

(-) 0
05 +
0 +
0 +
0 0

22 2 05
(-) 1 0

3 0 6
s 45 s 2 0

NR = normal value.
(-) = not measured.

Patients Diagnosis
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Table 4 Patients whose samples showed normal SGC and abnormal LF tests

Patient Diagnosis Age SGC Bilirubin AST ALP Albumin Prothrombin GGTP Liver size Spleen
(yr) (pgl/OOml) (lUll) (lUtl) (gil) time (%) (lUl) (cm) size (cm)

BO Extrahepatic 2 1.10 NR 40 205 40 93 112* 8 3
biliary atresia

CO Alpha-l- 6 0-59 NR 44* 147 44 81 32 5 0
antitrypsin
deficiency

KN Survivors of 8 1.05 NR 33 242 42 75 76* 3 0-5
idiopathic
neonatal
hepatitis

DA Cystic fibrosis 6 0-59 NR 94* 159 41 81 16 1 0

JS Cystic fibrosis 14 1-15 NR 38 228 40 92 120* 3 0

KE Cystic fibrosis 14 0-53 NR 33 236 49 71* 100* () ()

JA Cystic fibrosis 4 0-71 NR 31 168 44 93 72* 0 0

SG Benign recurrent 10 1-42 NR 33 237 47 87 62* 2 4
intrahepatic
cholestasis

*Abnormal value.

10- p<0 001 p<OOO1 p<005 p<001

a33

Y 7/7 3| |13/16 0/7dT I02 l | 12 1 || | || ~~~~~~~range0~~~~~~~~~~~~~~~~~~01

o~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~'o

No Mild Mbd No Mild Mod No Mild Mod No Mild Mod

Oedema in the Disruption of Fibrosis in the Hepatocellular
portal tract limiting plate parenchyma necrosis

(piecemeal necrosis)

Discussion

In each of the disorders studied a wide range of SGC
values was found. There was considerable overlap
between the range of concentrations found in the
various disorders. Thus SGC of itself is unlikely to
prove of value in differential diagnosis.

Surprisingly SGC concentrations showed no cor-
relation with serum bilirubin values but correlated
with AST and GGTP.
Measurement of SGC seemed to be a more sensi-

tive indicator of the presence of liver disease in chil-
dren than any other single, simple biochemical test

Fig. 2 Relaton between the SGC
values and the histological
assessment offour crteria on liver
biopsy The severity ofchange in
each group was graded: absent
(no), mild, or moderate (mod).
The histograms indicate the mean
log SGC value in each category.
Values signifrantly different are
indicated by the braces. The
proportion ofabnormal SGC
values in each category is shown by
the number above each histogr(zm,
the numerator being the number of
values above normal, the
denominator the total tested

of liver function and was even more sensitive than a
combination of five conventional biochemical tests
of liver function, serum bilirubin, aspartate trans-
aminase, alkaline phosphatase, serum albumin and
prothrombin time. The addition of gammaglutamyl
transpeptidase to the above group of tests increased
the frequency of the abnormality to that found with
SGC alone. However, raised SGC values were the
only laboratory evidence of liver disease in 13 chil-
dren of whom nine had biopsy-proven chronic liver
disease. This was of major clinical importance in
those with steroid-responsive chronic active
hepatitis. Patients with hepatic disease associated
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with cystic fibrosis would appear to be at particular
risk of not being identified as having hepatic
involvement by SGC determination. All of the
patients in this category had pancreatic insufficiency
and may have had excessive faecal bile salt loss
associated with ileal malabsorption of bile salts and
as a result, less GC being absorbed into the portal
venous system.

Tobiashin et all' demonstrated a correlation bet-
ween chenodeoxycholic acid concentration and the
severity of liver damage in a study of 49 patients
with alcoholic liver disease but showed no correla-
tion between the hepatic lesion and the serum
glycocholic acid. In our study the degree of the SGC
increase was related to hepatocellular necrosis,
oedema of the portal tracts, disruption of the limit-
ing plate and parenchymal fibrosis, but surprisingly
was unrelated to cholestasis or the other parameters
examined. The above findings would be compatible
with either a vascular lesion minimising hepatic
uptake of bile salts or a hepatocellular factor
influencing their transport into the hepatocytes.
Whatever the explanation, even mild histological
abnormalities were almost invariably associated
with raised SGC values.

In this study serum collected for bile salt determi-
nation was taken from non-fasting patients at times
not accurately related to the last meal. Davidson et
a120 suggested that the cholic acid conjugate values
in serum of fasting patients were a more sensitive
indicator of liver dysfunction than other LF tests.
Dasher et all' in 18 patients with biopsy-proven cir-
rhosis found that all 18 had abnormal cholic acid
conjugate values in the fasting state. In contrast,
Kaplowitz et all have suggested that examination of
bile acid concentrations two hours after a meal is a
more sensitive method for detecting abnormal liver
function having found raised values two hours after
a meal in 10 patients who had normal fasting values.
Douglas et al'8 in anicteric patients found that fast-
ing and post-prandial measurement of conjugated
chenodeoxycholic and cholic were necessary to iden-
tify all who had abnormal serum bile concentrations.
The very high incidence of abnormal results found

in this study does suggest that in ordinary inpatient
and outpatient service SGC measurement is a prac-
tical and very sensitive indicator of the presence of
significant liver disease but that for complete
biochemical identification of liver disease AST and
GGTP should also be determined. Further studies of
the concentration of SGC during the time course of
various hepatic disorders and more detailed com-
parison of the SGC concentrations and other tests of
liver function may yet show that SGC determination
can help in the differential diagnosis of liver disease.
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