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Abstract Hepatobiliary scintigraphy is an important diag-
nostic modality for work-up of neonatal cholestasis.
Therefore, our objective was to evaluate the literature re-
garding the accuracy of hepatobiliary scintigraphy in differ-
entiating biliary atresia from non-biliary atresia causes of
cholestasis (collectively called neonatal hepatitis). Our
search included Medline, SCOPUS and Google Scholar.
Only studies using Tc-99 m-labeled immunodiacetic acid
(IDA) derivatives were included. Overall, 81 studies were
included in the meta-analysis. Pooled sensitivity and speci-
ficity were 98.7% (range 98.1-99.2%) and 70.4% (range
68.5-72.2%), respectively. Factors that increased specificity
included the use of radiotracers with high hepatic extraction,
administration of hepatic-inducing drugs (such as phenobar-
bital), use of a calculated dose/kg and administration of a
booster dose in cases of non-excretion of the tracer in the
bowel. SPECT imaging and duodenal fluid sampling also
had high specificity; however, they need further validation
because of the low number of studies. Semiquantitative
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imaging methods do not seem to have any incremental
value. We conclude that hepatobiliary scintigraphy using
IDA derivatives can be very useful for diagnostic work-up
of neonatal cholestasis. To improve the specificity, several
measures can be followed regarding type and dose of the
radiotracer and imaging protocols. Non-imaging methods
seem to be promising and warrant further validation.

Keywords Biliary atresia - Neonatal hepatitis - Hepatobiliary
scintigraphy - Systematic review - Meta-analysis

Introduction

Cholestasis (direct bilirubin more than 15% of total serum
bilirubin) is a pathological condition that affects almost 1 in
2,500 newborns [1]. The main etiologies of cholestasis are
neonatal hepatitis (which is collectively attributed to the
non-biliary atresia causes of cholestasis) and biliary atresia.
Early differentiation of these entities is of utmost importance
because surgical treatment of biliary atresia is very success-
ful in the early stages of the disease [2]. Several diagnostic
methods including liver biopsy and ultrasonography have
been used for differentiation of biliary atresia from neonatal
hepatitis with variable success [3].

Hepatobiliary scintigraphy is a diagnostic method com-
monly used in diagnosis of biliary atresia. Despite very high
sensitivity of hepatobiliary scintigraphy for this purpose, the
specificity of this imaging modality is rather low, which
limits its use in daily practice [4]. Several methods, such
as using barbiturates or ursodeoxycholic acid or administer-
ing tracers with high extraction efficacy, have been used for
increasing the specificity of hepatobiliary scintigraphy, with
variable success [2].
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In this study, we systematically searched the literature
regarding sensitivity and specificity of hepatobiliary scin-
tigraphy in accurately differentiating the biliary atresia from
the non-biliary atresia causes of cholestasis (collectively
called neonatal hepatitis). We report the results in a review
and meta-analysis format.

Search strategy, selection criteria, data abstraction

We searched Medline, SCOPUS and Google Scholar using
the following terms: (“biliary atresia” or “neonatal hepatitis”
or “infantile jaundice”) and (scintigraphy or “nuclear medi-
cine” or *IDA) without any language or date limits. Reference
lists of the relevant studies were evaluated for any possible
missed citation. Cited articles of each relevant study were also
reviewed (by the “cited by” tools of the SCOPUS and Google
Scholar) for any other possible relevant study. Corresponding
authors were contacted if necessary.

The following criteria were set for inclusion of the studies
into the systematic review:

(1) Inclusion of at least five patients.

(2) Inclusion of enough data to calculate sensitivity and
specificity of hepatobiliary scintigraphy.

(3) Use of Tc-99 m-labeled immunodiacetic acid (IDA)
derivatives as the radiotracer.

Retrieved articles were evaluated blindly by two of the
authors and in case of any disagreement the opinion of a
third author was used. Duplicated publications were dis-
cussed and only the most recent studies were included.
Quality of the included studies was evaluated using the
Oxford Centre for Evidence Based Medicine Checklist of
diagnostic studies [5]. Data on authors, publication year,
pre-scan drugs, type of the radiotracer, complementary di-
agnostic methods and patient characteristics, and informa-
tion needed for sensitivity and specificity calculations were
extracted by two authors independently.

Statistical analysis

We followed the recommendations of Devillé et al. [6] for
performing meta-analyses of diagnostic studies. Because of
the considerable heterogeneity of the included studies re-
garding methods and patients, the random effects model was
used for pooling the data [7]. For heterogeneity evaluation,
the Cochran Q test was used and significance level was set
at P=0.05. For quantifying the heterogeneity, /> index was
used. For threshold effect evaluation, correlation between
sensitivity and specificity of included studies was used [8].
To explore the effect of radiotracer type, dosing method,
dose of the tracer and premedication, we used subgroup

@ Springer

analyses and meta-regression. To determine how much of
the variance across the studies could be explained by these
further analyses, we used the R” index. To explore the effect
of varying gold standard tests on the results, sensitivity
analysis was performed including only studies that used at
least liver biopsy and follow-up as the gold standard.
Individual tests could not be used as a gold standard and a
combination of tests (ultrasonography, liver biopsy, intra-
operative cholangiography, follow-up of the patients, sero-
logical and biochemistry tests, liver function tests, etc.) are
the most appropriate.

Sensitivity, specificity, negative and positive likelihood
ratios (LR—, LR+), and diagnostic odds ratio (DOR) were
calculated for each study and overall results were calculated
by pooling the data using the random effects model [8]. We
used summary receiver operating characteristics curve (SROC
curve) and area under the curve (AUC) calculations as well as
Q* value to summarize overall performance of the test [9].

Publication bias was addressed using funnel plots. Funnel
plot asymmetry was also tested statistically using the Egger
linear regression method [10]. Duval and Tweedie’s [11]
trim and fill method was used for quantifying possible
publication bias effect. Comprehensive Meta-Analysis
Version 2 (Biostat, Inc. Englewood NJ, US) and Meta-
DiSc version 1.4 (Madrid University, Madrid, Spain) [12]
were used for statistical analyses.

Twenty studies had information regarding 389 patients
for further assessment. We evaluated the effects of age,
gender and serum bilirubin level on the accuracy of hepato-
biliary scintigraphy by using chi-square and independent
sample #-tests and the binary logistic regression method.
SPSS software version 11.5 was used for these statistical
analyses (SSPS, Chicago, IL).

Results

In the first search, 510 studies seemed relevant. We exclud-
ed 250 studies after screening abstracts and titles for irrele-
vant subjects. The full texts of the remaining 260 studies
were evaluated in detail. Of those, 179 studies were exclud-
ed for being review articles, letters to editors, duplicates and
case reports. Finally, 81 relevant studies were included in
our meta-analysis [3, 4, 13-92]. One study had the only
available data regarding duodenal fluid sampling for radio-
activity determination and was included accordingly [93].
Table 1 shows a summary of these 81 studies.

Figures 1 and 2 show the forest plots of sensitivity and
specificity pooling. For diagnosis of biliary atresia, the
scintigraphy had an overall sensitivity of 98.7% (range
98.1-99.2%), specificity of 70.4% (range 68.5-72.2%),
LR+ of 3.01 (range 2.63-3.47), LR— of 0.07 (range 0.05—
0.09) and DOR of 55.8 (range 41.2-75.4). Sensitivity
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Fig. 2 Forest plot of specificity pooling

sensitivity 99.3% (range 98.3-99.8%), specificity 75.1%
(range 72.2-77.9%), LR +3.19 (range 2.47-4.11), LR— 0.07

(range 0.04-0.11) and DOR 60.1 (range 31.6-114.3).
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Fig. 3 Funnel plot of sensitivity pooling

Figures 3 and 4 show the funnel plots of sensitivity and
specificity pooling. The Egger linear regression intercept for
sensitivity and specificity pooling was 1.02 (P<0.01) and
1.31 (P<0.01) respectively. Using Duval and Tweedie’s [11]
trim and fill method, 31 studies for sensitivity pooling and
19 studies for specificity pooling were trimmed, and adjust-
ed pooled sensitivity and specificity were 2% and 5% lower
than the observed values. The sSROC of the meta-analysis is
shown in Fig. 5 with an AUC of 0.96 and Q* of 0.9.

Table 2 shows the subgroup analyses of the study regard-
ing type of radiotracer, dosing protocol and premedications
used. R? indices showed that 20%, 18% and 10% of the
between-study variability of the specificities could be
explained by the type of the radiotracer, premedication used
and dosing protocol, respectively. Non-imaging methods,
namely sampling of the gastrointestinal fluids, were also
used in six studies and their results are shown in Table 2.

Twenty studies included information on individual
patients, and overall information on 389 patients was avail-
able for further evaluation. We compared patients diagnosed
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Fig. 4 Funnel plot of specificity pooling
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Se1nsitivity SROC Curve
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05
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0.3

02

0 0.2 04 0.6 08 1
1-specificity

Fig. 5 Summary receiver operating characteristics (SROC) curve of
the study. Area under the curve (AUC)=0.96; standard error (SE)
(AUC)=0.01; Q value (Q*)=0.90; SE (Q*)=0.02

with neonatal hepatitis (NH) who had false-positive (no
excretion of radioisotope tracer into the bowel) and true-
negative (excretion of the tracer into the bowel) scintigra-
phy. There was a statistically significant difference between
these groups regarding total serum bilirubin (P=0.03).
However, no statistical difference was noted when compar-
ing age at imaging (P=0.1) and gender of the patients (P=
0.19). Logistic regression analysis showed that one unit
increase in total or direct bilirubin would increase the odds
of getting false-positive results by 0.6%.

The effect of radiotracer dosage on the accuracy of the
hepatobiliary scintigraphy was also evaluated by meta-
regression. The R index showed that 5% of the variability
in specificity across studies could be explained by the dose.
In studies with a fixed dose of radiotracer, there was a
correlation coefficient of 0.104 with DOR. Each unit in-
crease in dose (in mCi) resulted in 0.14 increase in DOR.

Overall test accuracy

Hepatobiliary scintigraphy performs well in differentiating
neonatal hepatitis and biliary atresia (pooled DOR 55.75,
AUC 0.96 and Q* 0.9). Pooled sensitivity was very high
(98.7%). This shows that false-negative results (excretion of
the tracer into the bowel despite biliary atresia) are extreme-
ly rare. It is very probable that these false-negative results
are misinterpretations of the scan; Verreault et al. [56]
reported two false-negative results that were caused by urine
contamination interpreted as bowel excretion.

@ Springer

On the other hand, the pooled specificity of the test was
not that high (70.4%). This means that false-positive results
(no excretion of tracer and bowel non-visualization in neo-
natal hepatitis) are the major shortcoming of hepatobiliary
scintigraphy. Most of the methods used for increasing the
accuracy of hepatobiliary scintigraphy aim at increasing the
specificity, as shown in Table 2. The rest of the discussion is
focussed on how each variable affects specificity, which is
the index of more interest in hepatobiliary scintigraphy.

Specificity variables
Type of radiotracer

Radiotracers with higher hepatic excretion had better spec-
ificity. The highest pooled specificity was achieved using
BrIDA and IODIDA (76.8% and 78.3%, respectively),
which have high extraction efficiency compared to BIDA
and HIDA (57% and 64.8% pooled specificity, respectively)
[94]. Higher hepatic extraction efficiency results in more
tracer excretion into the GI tract with better chance of bowel
visualization in patients with neonatal hepatitis.

Premedication

Several premedications have been used for increasing the
specificity of hepatobiliary scintigraphy. These drugs im-
prove hepatic cellular function, which can increase the spec-
ificity of hepatobiliary scintigraphy. The results of our meta-
analysis support this concept. Studies that used no pre-
medication showed lower specificity (67.6%) compared to
those that used phenobarbital (72.2%), phenobarbital and
cholestyramine (70.8%), and ursodeoxycholic acid (84.8%).
The number of studies that used the latter two is low. This is
apparent in Table 2 as wide confidence intervals; however,
more studies are needed for better evaluation of these pre-
treatments. Another pretreatment was phenobarbital and
betamethasone, which was used in only one study with
excellent results (sensitivity 100% and specificity 80%)
[23]. Further studies are needed for better evaluation of
corticosteroid effects on hepatobiliary scintigraphy.

Dosing protocol

The methods used in this meta-analysis review included fixed
dosing, calculated dosing (per kilogram of body weight) and
dosing in addition to a delayed booster dose. The studies with
calculated dose per kilogram of body weight had higher
pooled specificity compared to those using fixed dosing
(74.3% vs 68.8%). Each unit increase (1 mCi) in dose of the
injected tracer resulted in a 0.14 increase in DOR; however,
this is not high enough to encourage high-dose scintigraphy in
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fixed-dosing protocols. Use of a booster dose in non-excretory
scans resulted in the highest specificity, 82.6%. This can be
explained by the higher amount of radiotracer available for
bowel visualization in booster dose and calculated dosing
protocols.

Imaging protocol

Delayed imaging seems to be very useful to decrease false-
positive results, as shown in Table 1. The contribution of 24-
h imaging seems important: Stipsanelli et al. [29] and Shao
et al. [42] reported that 12/24 and 23/43 cases of bowel
visualization occurred on 24-h images.

The SPECT method resulted in fairly high specificity
(81.1%), which was associated with better bowel visualiza-
tion compared to planar images. However, only two studies
evaluated the SPECT method (note wide confidence interval
in Table 2) and further studies are needed [38, 54].

Semiquantitative imaging methods

The ratio of hepatic-to-cardiac (or renal) uptake 5-10 min
post radiotracer injection was used in several studies to
differentiate between biliary atresia and neonatal hepatitis
[13,15,27,29-33, 44, 51, 55, 56, 58, 59, 63, 67]. However,
these studies are inconsistent regarding this approach; some
reported higher hepatic-to-cardiac ratio in children with
biliary atresia and others reported a lower ratio (Table 1).
Overall, hepatic-to-cardiac ratio was not able to differentiate
between neonatal hepatitis and biliary atresia in most studies
and only two studies showed an incremental value by this
method [29, 51]. Another semiquantitative method was the
time activity curve (TAC) of hepatic excretion, which was
evaluated in four studies [14, 32, 69, 83]. It was reported
that children with biliary atresia have a flat time activity
curve whereas children with neonatal hepatitis have a slop-
ing and oscillating curve [69, 83]. However, Ben-Haim et al.
[14] and Dressler et al. [32] did not report any incremental
value for TAC and further studies on this concept are
needed.

Non-imaging methods

Sampling of gastric and duodenal [16, 34, 44, 45, 92, 93]
fluids and measurement of their activities were evaluated as
a method to increase the accuracy of hepatobiliary scintig-
raphy. Overall, gastrointestinal (GI) sampling had fairly
high specificity (73.2%); however, including only duodenal
fluid sampling in the analysis resulted higher pooled spec-
ificity (77.1%). It seems that GI fluid sampling by detecting
minimal activity in the bowel (which is otherwise undetect-
able by gamma camera) can improve the specificity.

@ Springer

Effect of age at imaging and total/direct serum bilirubin

The age of the patients at the time of imaging was not
statistically different between children with neonatal
hepatitis who had true-negative and false-positive hepat-
ic scintigraphy. However, the total/direct serum bilirubin
level could influence the result of scintigraphy (one unit
increase in total or direct bilirubin would increase the
odds of getting false-positive results by 0.6%). Raised
total/direct bilirubin level is an indicator of hepatic
dysfunction, and a higher serum bilirubin level indicates
a more profound abnormality and higher chance of
getting false-positive results.

Other important issues
Publication bias

We evaluated publication bias using funnel plots and
several statistical methods. Funnel plots of sensitivity
and specificity pooling showed considerable asymmetry,
confirmed by the statistically significant Egger linear
regression method. This means that publication bias
could affect the results of our meta-analysis. To quantify
possible publication bias, we use Duval and Tweedie’s
[I1] trim and fill method, which showed 2% and 5%
decreases in sensitivity and specificity after adjusting the
observed results for possible publication bias. Overall,
publication bias can be of concern, especially for speci-
ficity pooling, and this can be considered a limitation of
our study.

Quality of the included studies

Not all studies in this meta-analysis were of the same qual-
ity, as shown in Table 1. Many of the studies had non-
consecutive recruitment or a narrow spectrum of studied
patients. However, the most important limitation is the in-
consistency in gold standard tests used for diagnosis of
biliary atresia or neonatal hepatitis. Although many studies
used a combination of tests and follow-up for final diagnosis
of biliary atresia and neonatal hepatitis, the studies we
included were not consistent in this regard and not all
studies used the same diagnostic tests. This can affect the
accuracy of hepatobiliary scintigraphy reported by different
studies and can be considered the major limitation of this
meta-analysis. However, sensitivity analysis including only
studies using at least follow-up and liver biopsy as the gold
standard showed minimal difference in the pooled diagnos-
tic accuracy indices and it seems that our meta-analysis was
fairly robust to the variations of gold standard across
studies.
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Conclusion

Hepatobiliary scintigraphy using IDA derivatives can be
very useful for diagnostic work-up of the neonatal cholesta-
sis. To improve the specificity (excretion of the tracer into
the bowel in children with neonatal hepatitis), several meas-
ures can be followed regarding type and dose of radiotracer
and imaging protocols. Non-imaging methods seem to be
promising and need further evaluation.
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