
Introduction

In prolonged neonatal jaundice, with significant conju-
gated hyperbilirubinaemia more than 15% of total bi-
lirubin [1], it is important to obtain rapid diagnosis
because early surgical intervention in extrahepatic bili-
ary atresia (EHBA) considerably improves patient out-
come [2, 3]. Hepatobiliary scintigraphy plays an
important role in the diagnostic work-up of neonatal
jaundice. The majority of previous studies in infants

have used 99 mTcm-labelled iminodiacetic acid (IDA)
and its analogues [4±6]. The most recently available an-
alogue, 99mTcm-trimethylbromo-iminodiacetic acid
(TBIDA, mebrofenin) has been shown to have better
hepatic uptake and excretion [7]. The clinical value of
mebrofenin has previously been assessed in adults, but
there have been very limited studies of its value in in-
fants [8]. We have evaluated the role of 99mTcm-mebrofe-
nin hepatoscintigraphy in infants with jaundice, in
particular in cases of suspected EHBA, comparing the
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Abstract Background. The prog-
nosis of infants with prolonged neo-
natal jaundice is dependent on early
diagnosis because of the need for
prompt surgical management of bil-
iary atresia.
Objective. To evaluate the useful-
ness of 99 mTcm-trimethylbromo-im-
inodiacetic acid (TBIDA,
mebrofenin) in the investigation of
infantile jaundice.
Materials and methods. A retrospec-
tive study was undertaken of 58 pa-
tients with unexplained prolonged
neonatal jaundice. Sixty-eight scans
were reviewed.
Results. Mebrofenin scintigraphy
confirmed the presence of a chole-
dochal cyst in three of the four cases
with that diagnosis. There were no
false negative results in the nine pa-
tients with extrahepatic biliary atre-
sia (EHBA). Three further infants
had an incorrect histological diag-
nosis of EHBA. A gall bladder was
identified by US in each case and in
one of these, scintigraphy showed

gut excretion. In the 16 patients with
no gut excretion by 24 h, the final
diagnoses were intrahepatic
cholestasis (n = 7), Alagille's syn-
drome (n = 3), neonatal hepatitis
(n = 3), alpha-1-antitrypsin deficien-
cy (n = 2) and juvenile xanthogran-
uloma (n = 1). Seven infants had
repeat scintigraphy after the admin-
istration of ursodeoxycholic acid
(URSO). This changed five non-
excretors with hepatitis into excre-
tors. Two infants with hepatitis con-
tinued to show non-excretion after
URSO, but a gallbladder was iden-
tified by US in both.
Conclusions. Mebrofenin scintigra-
phy is accurate in confirming the
presence of a choledochal cyst and
in refuting the diagnosis of EHBA.
While histology and scintigraphy are
each 100% sensitive for the diagno-
sis of EHBA, neither, individually, is
accurate and the investigation of
prolonged neonatal jaundice re-
quires a multi-modality imaging
strategy.
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Table 1 Summary of the diagnoses and investigative findings in 58
children with neonatal jaundice (GB gallbladder present on US,
No GB absent gallbladder on US, OTC operative cholangiogram,

TPN total parenteral nutrition, CMV cytomegalovirus, + liver bi-
opsy obtained, ± liver biopsy not obtained)

Final diagnosis Case U/S TBIDA Liver biopsy Confirmation

Choledochal cyst 1 Cyst Excretion ± Laparotomy
2 Cyst Excretion ± Laparotomy
3 Cyst Excretion ± Laparotomy
4 Cyst Excretion ± Laparotomy

EHBA 5 No GB No excretion EHBA OTC/Laparotomy
6 GB No excretion EHBA OTC/Laparotomy
7 No GB No excretion EHBA OTC/Laparotomy
8 No GB No excretion EHBA OTC/Laparotomy
9 GB No excretion EHBA OTC/Laparotomy

10 No GB No excretion EHBA OTC/Laparotomy
11 No GB No excretion EHBA OTC/Laparotomy
12 No GB No excretion EHBA OTC/Laparotomy
13 GB No excretion EHBA OTC/Laparotomy

Neonatal Hepatitis 14 GB Excretion ± Clinical follow-up
15 GB Excretion + Histology
16 GB Excretion ± Clinical follow-up
17 GB Excretion + Histology
18 GB Excretion + CMV Culture
19 GB Excretion + Histology
20 GB Excretion ± Clinical follow-up
21 GB Excretion ± Clinical follow-up
22 GB Excretion + Histology
23 GB Excretion ± CMV Culture
24 No GB Excretion + Histology
25 No GB No excretion + Clinical follow-up
26 GB No excretion + Histology
27 GB Excretion + Histology
28 GB Excretion + Histology
29 GB Excretion + Histology
30 GB Excretion + Histology
31 GB Excretion + Histology
32 GB Excretion + Histology
33 GB Excretion + Clinical follow-up
34 GB No excretion + Clinical follow-up
35 GB Excretion + CMV Culture
36 GB Excretion + Histology
37 GB Excretion + Histology
38 GB Excretion EHBA Clinical follow-up

Non-specific aetiologies 39 GB No excretion + OTC/histology
40 GB Excretion + Cholestasis on histology
41 GB No excretion EHBA Cholestasis/OTC
42 GB No excretion + Cholestasis on histology
43 GB Excretion + TPN Related
44 No GB No excretion + Cystic Fibrosis Related
45 GB No excretion + Related to ALF
46 GB No excretion + TPN Related
47 GB Excretion + Cholestasis on histology
48 No GB Excretion + TPN Related
49 GB Excretion + TPN Related
50 No GB No excretion + TPN Related

Alagille's Syndrome 51 GB No excretion + Histology/radiology
52 No GB No excretion + Histology/radiology
53 GB Excretion + Histology/radiology
54 GB No excretion + Histology/radiology

Alpha-1-Antitrypsin Deficiency 55 GB Excretion + Serum level
56 GB No excretion EHBA Serum level/OTC
57 No GB No excretion + Serum level

Juvenile Xanthogranuloma 58 No GB No excretion + Laparotomy/OTC



sensitivity and specificity of the examination with both
US and histology obtained from liver biopsy.

Materials and methods

All mebrofenin hepatobiliary scans performed on infants with hy-
perbilirubinaemia (conjugated more than 15% of total) from De-
cember 1994 to December 1996 at Birmingham Children's
Hospital were retrospectively reviewed. Fifty-eight infants (35
boys, 23 girls,) had 68 mebrofenin hepatobiliary scans. Patients'
ages at the time of initial investigation ranged from 2 weeks to
26 weeks (median 6 weeks). Seven patients had repeat scans follow-
ing treatment with ursodeoxycholic acid (URSO); one patient had
four scans. For each patient the result of the scan was compared
with the US findings and histology obtained from liver biopsy, if the
patient had one. Comparison was made of the sensitivity, specificity
and accuracy of the three investigations in diagnosing EHBA. Any
complication and difficulties with each procedure were recorded.

All patients received phenobarbitone (5 mg/kg) for at least
5 days prior to the radionuclide study. They then received an intra-
venous injection of 37 MBq 99mTcm-mebrofenin. Imaging was car-
ried out using a low-energy multipurpose collimator with the
patient in the supine position. Images were acquired for 3 min ev-
ery 15 min for 1 h. Delayed images were obtained at 2 h and 3 h,
and at 24 h if there had been no excretion at 3 h. The images were
interpreted by two experienced paediatric radiologists (S.C. and
H. M. A.). In patients with a history suggestive of neonatal hepati-
tis and US demonstration of either biliary tree dilatation or
'sludge' within the gallbladder, but with no gut excretion at 24 h, a
repeat scan was performed following the administration of URSO
20 mg/kg b. i. d. for 48 or 72 h, in an effort to improve biliary clear-
ance. These patients were classified as excretors if activity was
then seen in the bowel on the repeat imaging up to 24 h.

Abdominal US was performed on all patients within 72 h of the
mebrofenin scan. Patients were fasted for at least 6 h prior to the
scan and images were initially obtained with a 5-MHz probe, and
subsequently a 10-MHz probe if the gallbladder had not been iden-
tified. US was used to document the presence of a choledochal
cyst, assess the appearance of the liver parenchyma, detect any ev-
idence of bile duct dilatation, and identify the presence of a gall-
bladder or gallstones. Liver biopsies were performed on 49
patients, the biopsy site having been identified by US. Patients
were also screened for underlying metabolic causes of jaundice
and genetic causes such as Alagille's syndrome and alpha-1-anti-
trypsin deficiency. Blood and urine cultures were obtained for bac-
terial and viral pathogens.

Results

The results of the mebrofenin scans, US scans and liver
histology are summarised in Table 1 along with the final
diagnoses. Liver biopsies were undertaken, without
complication, in 49 patients.

Choledochal cyst

There were four patients with a choledochal cyst, and all
the cysts were identified by ultrasound. Three of these
patients had a mebrofenin scan that demonstrated com-

munication of the cyst with the biliary tree and in one
patient, even though no communication was demon-
strated, a filling defect in the liver compatible with a
cyst was seen. The diagnoses were confirmed at laparot-
omy.

Extrahepatic biliary atresia

There were nine patients with extrahepatic biliary atre-
sia (EHBA), none of whom showed any bowel activity
at 24 h on mebrofenin imaging. All had histological con-
firmation of the diagnosis. In six infants, no gallbladder
was visible on US, but in the three remaining infants,
US identified a gallbladder, which was small in two.

In three patients, liver histology was reported as con-
sistent with EHBA. Although in two of these the me-
brofenin scan showed no bowel excretion, operative
cholangiography showed a patent biliary tree and gall-
bladder in all three. The final diagnoses in these cases
were alpha-1-antitrypsin deficiency, hepatitis and intra-
hepatic cholestasis. The sensitivity, specificity and accu-
racy of the three investigations with respect to EHBA
are recorded in Table 2.

Hepatitis

Mebrofenin scintigraphy showed no excretion in 3 of
the 25 patients diagnosed as having neonatal hepatitis.
All three were shown to have a gallbladder on US. Liver
biopsy was performed in 20 patients and histology in 19
showed the typical findings of neonatal hepatitis. Subse-
quent follow-up to exclude other causes of jaundice,
along with the results of biochemical and microbiologi-
cal investigations, confirmed the diagnosis of hepatitis.
One infant with a final diagnosis of hepatitis had a histo-
logical diagnosis of EHBA but had a gallbladder on US
and showed gut excretion on mebrofenin scintigraphy.

Discussion

Mebrofenin is the best agent to use for hepatic scintigra-
phy because of its excellent hepatic extraction ± 98% in
normal subjects and greater than 70% with bilirubin
levels up to 20 mg/dl, compared with 99 mTcm-diisopro-
pyl-iminodiacetic acid (DISIDA) which shows only
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Table 2 Evaluation of imaging modalities in diagnosing EHBA

Sensitivity Specificity Accuracy

Mebrofenin (9/9) 100% (33/49) 67% (42/58) 72%
Ultrasound (6/9) 67% (44/49) 90% (50/58) 86%
Histology (9/9) 100% (37/40) 92% (46/49) 94%



36% hepatic extraction at a bilirubin level of 10 mg/dl
[5]. With these improved levels of extraction, hepatic
scintigraphy is of increasing value in the evaluation of
prolonged neonatal jaundice.

US is still the primary investigation of choice for pa-
tients with hyperbilirubinaemia, due to its accessibility
and ability to detect other intra-abdominal pathology.
Unfortunately, liver US fails to positively identify hepa-
titis and the presence or absence of a gallbladder is not
reliable in differentiating cases of biliary atresia. It is
sensitive in the detection of choledochal cysts and is
valuable in demonstrating asplenia and polysplenia,
which have an association with biliary atresia. There-
fore, in cases of suspected biliary atresia, patients
should be commenced on phenobarbitone as soon as
possible so as not to delay the radionuclide scan, and
the US findings should not affect the indication for scin-
tigraphy.

In many cases, liver biopsy is also performed to aid
the diagnosis. The histological findings are important
but are not 100% specific. We recorded three cases in
which there was a discrepancy between the initial histo-
logical diagnosis and the final diagnosis. In two cases,
scintigraphy showed no excretion and liver histology
was consistent with EHBA. Operative cholangiography,
however, demonstrated a patent biliary tree. The final
diagnoses in these patients were alpha-1-antitrypsin de-
ficiency and intrahepatic cholestasis that had a slow
clinical recovery. The third case in which there was an
error in the histological diagnosis was a case of cholesta-
sis related to chronic inflammatory disease in the liver.
In this case, mebrofenin scintigraphy showed excretion
into the bowel, which excluded EHBA. It is possible
that biliary stasis might alter periductal histology caus-
ing diagnostic confusion. Diffuse alteration of intrahe-
patic ductules has been described in some patients with
liver disease [9]. In five cases, there was improvement
of excretion following treatment with URSO, suggest-
ing that sludging of bile is a contributory factor.

Mebrofenin is the most important scintigraphic
agent, especially for excluding EHBA. The presence of
tracer within the small bowl excludes EHBA. Our
results show 100% sensitivity for its detection, but the
reduced specificity of 67% shows that other investiga-
tions are needed to confirm the diagnosis. False-nega-
tive results have only rarely been reported with other

hepatoscintigraphy agents but never with mebrofenin
[4, 10]. To help improve the false-positive rate some in-
fants were given URSO, a bile-chelating agent that im-
proves biliary excretion.

The role of phenobarbitone is controversial. Hepato-
scintigraphy with other 99 mTcm-IDA agents performed
after its administration has been reported to increase
the diagnostic accuracy [11]. Other reports indicate
that it may not be necessary [7]. There has not yet been
a prospective study, which addresses the efficacy of phe-
nobarbitone in mebrofenin scintigraphy. We did not en-
counter any problem with its administration.

The value of liver function tests in the evaluation of
EHBA have been studied previously [12]. Only g-glut-
amyltransferase (gGT) levels show a correlation with
the diagnosis of biliary atresia, but there is still consider-
able overlap between positive and negative cases mak-
ing them of limited usefulness. gGT levels were not
evaluated in this study. Similarly, stool colour is not to-
tally reliable. Complete and prolonged acholic stools fa-
vour biliary atresia, but this clinical sign was not
consistently present in our study population.

Both US and hepatoscintigraphy are sensitive and
specific for the detection of choledochal cysts, the imag-
ing findings being confirmed at laparotomy. Our expe-
rience shows that negative US and mebrofenin scans
exclude the diagnosis of choledochal cyst.

In summary, the prompt diagnosis of neonatal jaun-
dice is important as surgically remedial disease shows
much better prognosis the earlier it is instigated. The
commonest disease amenable to surgical treatment is
EHBA. The diagnosis of EHBA can be difficult and
may need laparotomy and operative cholangiography.
US plays an important role in the initial investigation
of jaundice but is of limited value in the specific diagno-
sis of EHBA. Mebrofenin scintigraphy is valuable in ex-
cluding the diagnosis and along with liver biopsy helps
reduce the number of cases requiring cholangiography.
Liver histology is important in the investigative process
but may occasionally be misleading. Both US and he-
patoscintigraphy are valuable in the diagnosis of chole-
dochal cysts.

Acknowledgements We are grateful to our clinical colleagues in
the Liver Unit of Birmingham Children's Hospital for referring
these patients to us.

940

References

1. Kelly D, Green A (1991) Investigation
of paediatric liver disease. J Inherited
Metab Dis 14: 531±537

2. Mieli-Vergani G, Howard ER, Portman
B, Mowat AP (1989) Late referral for
biliary atresia ± missed opportunities
for effective surgery. Lancet 1: 421±423

3. Ohi R, Nio M, Chiba T (1990) Long
term follow up after surgery for patients
with biliary atresia. J Pediatr Surg 25:
442±445

4. Nadel HR (1996) Hepatobiliary scin-
tigraphy in children. Semin Nucl Med
26: 25±42

5. Majd M, Reba RC, Altman RP (1981)
Hepatobiliary scintigraphy with 99 m
Tc-PIPIDA in evaluation of neonatal
jaundice. Pediatrics 67: 140±145



941

6. Hitch DC, Leonard JC, Psyher TJ
(1981) Differentiation of cholestatic
jaundice in infants. Utility of diethyl-
IDA. Am J Surg 142: 671±677

7. Krishmanamurthy GT, Turner FE
(1990) Pharmacokinetics and clinical
application of technetium 99m-labelled
hepatobiliary agents. Semin Nucl Med
20: 130±149

8. Ben-Haim S, Seabold JE, Kao SC, et al
(1995) Utility of Tc-99 m mebrofenin
scintigraphy in the assessment of infan-
tile jaundice. Clin Nucl Med 20:
153±163

9. Williamson SI, Seibert JJ, Butler HL
(1986) Apparent gut excretion of Tc-
99m-DISIDA in a case of extrahepatic
biliary atresia. Pediatr Radiol 16:
245±247

10. Majd M, Reba RC, Altman RP (1981)
Effect of phenobarbital on 99m-Tc-
IDA scintigraphy in the evaluation of
neonatal jaundice. Semin Nucl Med 11:
194±204

11. Nagel RA, Javiad A, Meire HB (1989)
Liver disease and bile duct abnormali-
ties in adults with cystic fibrosis. Lancet
2: 1422±1425

12. Cox KL, Stadalnik RC, McGahan JP
(1987) Hepatobiliary scintigraphy with
technetium-99 m disofenin in the eval-
uation of neonatal cholestasis. J Pediatr
Gastroenterol Nutr 6: 885±891


