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ABSTRACT
Objective: We conducted a systematic review to determine
and compare the diagnostic accuracy of contrast enema (CE),
anorectal manometry (ARM) and rectal suction biopsy (RSB)
in infants suspected of Hirschsprung disease.
Design: This is a systematic review.
Data Sources: Articles were identified through electronic
searches in Medline, EMBASE.com and Cochrane Con-
trolled Trials Register. Searches were limited to articles
published after 1966 in PubMed and after 1980 in
EMBASE.com.
Study Selection: Studies were included if infants underwent at
least one of the following tests: CE, ARM or RSB, followed
by full-thickness biopsy and/or clinical follow-up as the
reference standard.
Data Extraction: Two reviewers independently assessed the
methods of data collection, patient selection, blinding and
prevention of verification bias and description of the test
protocol and reference standard. Data to construct 2 � 2 tables
were abstracted for each test.
Results: Twenty-four studies met our inclusion criteria, but 2
studies were subsequently excluded for statistical analysis

because data was missing to construct the 2 � 2 table. RSB
(14 studies for a total of 993 patients) was the most accurate
test, having both the highest mean sensitivity (93%; 95%
confidence interval [CI], 88%Y95%) and mean specificity
(98%; 95% CI, 95%Y99%). Sensitivity and specificity of ARM
(9 studies for a total of 400 patients) were similar to those of
RSB (91% vs 93%, P = 0.73 and 94% vs 98%, P = 0.08,
respectively). Sensitivity and specificity of CE (12 studies for
a total of 425 patients) were significantly lower than those of
RSB and ARM, with mean sensitivity and mean specificity of
70% and 83%, respectively.
Conclusions: RSB and ARM are the most accurate tests in the
diagnostic workup of Hirschsprung disease. JPGN 42:
496Y505, 2006. Abbreviations: HD, Hirschsprung disease-
ARM, norectal manometryVRSB, rectal suction biopsyVCE,
contrast enemaVFTB, full thickness biopsyVRAIR, recto-
anal inhibitory reflexVAChE, acetylcholinesteraseVH&E,
hematoxylin and eosin. Key Words: paediatric constipa-
tionVHirschsprung diseaseVanorectal manometryVrectal
suction biopsyVcontrast enemaVsensitivity and specificityV
diagnosisVaccuracyVsystematic review. � 2006 by Lippincott
Williams & Wilkins

INTRODUCTION

Constipation is a common problem in children and
has often been regarded as a trivial symptom, but it can
result in substantial discomfort and disability, impairing
social and physical well-being. In only 10% of all
children with defecation disorders, constipation is part
of an organic disorder (1). About once per 5000 live
births, constipation is caused by Hirschsprung disease
(HD) (2).

HD is a developmental disorder of the enteric nervous
system characterized by absence of ganglion cells in the
myenteric and submucosal plexuses along a variable

portion of the distal intestine. Literature showed that the
aganglionosis is confined to rectosigmoid in 75% of
patients; sigmoid, splenic flexure or transverse colon in
17%, total colon in 17% and total colon along with a
short segment of the terminal ileum in 8% (3,4).
Clinical symptoms are produced in 80% to 90% of all
cases of HD and are diagnosed during the neonatal
period. The usual presentation of HD in the neonatal
period are lack of passage or delayed passage of
meconium and signs and symptoms of large-bowel
obstruction, which can lead to enterocolitis.

The diagnosis of HD is not always easy to establish.
Three tests are available in the diagnostic workup of
HD. The presence of a transitional zone is the critical
feature to suspect HD in contrast enema (CE) test.
Anorectal manometry (ARM) assesses the rectoanal
inhibition reflex, and failure to elicit this reflex indicates
HD. The third option consists of rectal suction biopsy
(RSB), which shows an elevated acetylcholinesterase
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(AChE) activity and an aganglionosis in case of HD.
The gold standard, however, remains a full-thickness
biopsy (FTB) of the rectum and provides the most
definitive answer. The classical method of rectal biopsy
involves an FTB of rectal mucosa and underlying
muscle. However, this requires general anaesthesia and
suturing of the biopsy site (5). Possible complications of
this procedure are perforation, bleeding and infection.
Absence of ganglion cells in an FTB confirms the
diagnosis of HD.

There has been considerable debate about the most
appropriate initial test for diagnosing HD because CE,
RSB and ARM can all produce false-negative and false-
positive test results (6Y8). Each of these tests has both
advantages and disadvantages in availability, technical
difficulty, radiation exposure and invasiveness. Con-
sequently, the choice of screening test and order of
investigations for HD differs among medical centres.

We conducted a systematic review to determine and
compare the diagnostic accuracy between CE, ARM and
RSB in infants suspected of having HD.

METHODS

Search Strategy

A comprehensive literature search was performed to identify
relevant publications examining the diagnostic accuracy of at
least one of the following tests: CE, ARM or RSB. The Medline,
EMBASE.com and the Cochrane Controlled Trials Register
databases were searched using 3 different queries: (a) Hirsch-
sprung [mesh or textword] AND (barium [mesh or text word]
OR enema [mesh or text word]); (b) Hirschsprung [mesh or
text word] AND manometry [mesh or text word]; (c)
Hirschsprung [mesh or text word] AND (pathology [subhead-
ing] OR biopsy [mesh or text word] OR acetylcholinesterase
[mesh or text word]). Searches were limited to articles
published after 1966 in PubMed and after 1980 in EMBASE.-
com, and to studies involving humans. No language restriction
was applied. Searches were performed in May 2003.

Selection of Studies

Eligible studies had to report on the diagnostic accuracy of
at least one of the following tests: CE, ARM or RSB in a study
population suspected of having HD. Staining for AChE
activity or staining with hematoxylin and eosin (H&E) should
have been used to evaluate the RSB. We posed no restriction
on the design of the studies and included case series, case
control, cohort studies and studies in which at least one
reference standard was described. For a positive-index test, we
defined the reference standard to be an aganglionosis on FTB.
For a negative-index test, we defined the reference standard to
be the presence of ganglion cells on FTB or on RSB or
disappearance of symptoms during follow-up. Studies in
which we were unable to reproduce the 2 � 2 table were
excluded. Articles were independently selected and reviewed
by 2 authors (F.d.L. and M.B.). Disagreements were resolved
by consensus.

Methodological Quality and Data Extraction

Two authors (F.d.L. and M.B.) independently assessed the
design of the study, blinding and prevention of verification
bias, methods of data collection and patient characteristics (9).
The other 2 authors (L.K. and J.R.) assessed those results and
disagreements were resolved by consensus. For each article,
we recorded the number of true-positive, false-positive, true-
negative and false-negative results for each index test that was
examined.

Data Synthesis

We used Forrest plots to display the precision by which
sensitivity and specificity had been measured in each study,
and to illustrate the variation in estimates between studies. The
exact binomial method was used to calculate the 95% CIs. We
used a bivariate metaregression model to meta-analyse the
estimates of sensitivity and specificity (10,11). Rather than
using a single outcome measure per study, like the diagnostic
odds ratio in the summary receiver operating characteristic
approach, the bivariate model preserves the 2-dimensional
nature of diagnostic data by directly analysing the logit
transformed sensitivity log(sens/[1jsens]) and specificity
log(spec/[1jspec]) of each study in a single model. This
model estimates and incorporates the correlation that might
exist between logit sensitivity and specificity within studies
caused by possible differences in threshold between studies.
The bivariate model uses a random effects approach for both
sensitivity and specificity, allowing for heterogeneity beyond
chance caused by clinical or methodological differences
between studies. In addition, the model acknowledges the
difference in precision by which sensitivity and specificity
have been measured in each study. This means that studies
with a larger number of patients with the target condition
receive more weight in the calculation of the summary
estimate of sensitivity; target studies with more patients
without the qualifying condition are more influential in the
pooling of specificity.

The model requires logit transformation of the sensitivity
and specificity. A standard correction of adding 0.5 to all 4
cells of the 2 � 2 table was applied when either sensitivity or
specificity was 100%. The model produces the following
results: a random effect estimate of the mean sensitivity and
specificity with corresponding 95% CIs, the amount of
between-study variation for sensitivity and specificity sepa-
rately and the strength and shape of the correlation between
sensitivity and specificity. Using these results, we calculated a
95% confidence ellipse around the summary estimate of
sensitivity and specificity. All the results have been trans-
formed back (antilogit) to the original scale, and plotted in
ROC space.

Covariates indicating the type of index test can be added to
the model to test explicitly whether either sensitivity or
specificity or both are different between index tests.

We performed a subgroup analysis comparing studies with a
substandard verification protocol with studies with an
adequate protocol. An adequate verification protocol was
defined as a study in which a predefined reference standard
was performed for both a positive-index test and a negative-
index test. Case series in which the reference standard was
performed for a positive-index test were also defined as an
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adequate verification protocol. Unclear descriptions of refer-
ence tests were classified as a substandard verification.

The PROC MIXED statistical procedure in SAS version 8.2
for Windows (SAS Institute Inc, Cary, NC) was used to fit the
various bivariate models.

RESULTS

Literature Search

We identified 587 studies from the electronic search;
after initial evaluation, 54 of them were judged poten-
tially relevant. Twenty-eight studies were excluded
because no reference standard was specified and 2
studies were excluded because no AChE or H&E
staining was used; the remaining 24 studies met our
inclusion criteria. Twelve studies evaluated the diag-
nostic value of CE, 9 studies evaluated ARM and 14
studies evaluated RSB. The median sample size of the
24 studies was 45 patients (range, 9Y293 patients). Two
of these 24 articles were excluded from the statistical
analysis because data were presented unclear and we
were unable to produce a 2 � 2 table.

Quality Assessment and Data Extraction

Tables 1Y3 list the 24 included studies and their
clinical and design characteristics. The design of studies
varied: 16 studies were cohort studies, 4 studies were
case series, and 1 study used a case-control design. The
design was unclear in 3 studies. Fourteen of the 24 studies
used retrospective data collection, whereas the method of
data collection was unclear in the other 10 studies. None
of the studies reported whether the readers of the index
tests were blinded to the results of the other index tests.
Eleven of the 12 studies evaluating CE used FTB as the
reference standard to verify positive CE results. How-
ever, only 7 studies used one of our predefined reference
standards to verify negative CE results. An FTB was used
as reference standard for positive ARM results in 8 of the
9 studies evaluating ARM, but verification of negative
ARM results was suboptimal in 3 studies. Thirteen of the
14 RSB studies used FTB as the reference standard in
case of a positive RSB result. In 8 RSB studies, the
verification of negative test results was inadequate. Ten
of the 14 RSB studies were stained with AChE, whereas 4
studies were stained with H&E. Because of the small
number of studies using H&E staining, the results were
not compared with the other index tests. In 2 studies using
the AChE staining, it was not possible to reproduce the 2
� 2 table; these studies were therefore not included the
analysis.

Diagnostic Accuracy

Figures 1 and 2 show the sensitivity and the
specificity, with their 95% confidence interval (CI), T
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for each study. CIs are wide, especially for estimates of
sensitivity, because the number of patients with HD is
low in most studies. The estimates of mean sensitivity
and specificity of the 3 index tests are given in Table 4.
The joint CI around the mean sensitivity and specificity
is depicted in Figure 3. This figure clearly shows that
the accuracy of CE is substantially poorer compared
with the other tests. Formal statistical testing for
differences between sensitivity and specificity reveal
that RSB stained for AChE activity was the most
accurate test, having both the highest mean sensitivity
(93%; 95% CI, 88%Y95%) and mean specificity (98%;
95% CI, 95%Y99%). The RSB studies stained for H&E
showed a comparable sensitivity and specificity (96%

and 98%, respectively). Sensitivity and specificity of
ARM (9 studies for a total of 400 patients) were similar
to those of RSB stained for AChE activity (91% vs
93%, P = 0.73 and 94% vs 98%, P = 0.08, respectively).
Sensitivity and specificity of CE were significantly
lower than those of RSB stained for AChE activity and
ARM, with sensitivity and specificity of 70% and 83%,
respectively.

Subgroup analyses showed that there was no
significant difference in either sensitivity or specificity
between studies with a low-quality and high-quality
verification protocol. However, a trend toward an
exaggerated estimate of sensitivity was found in low-
quality (n = 2) versus high-quality (n = 10) studies

FIG. 1. Forrest plot of sensitivity in studies examining the accuracy of CE (A), ARM (B), and RSB (C). TP = true-positive test result; FN =
false-negative test result; asterisk (*) = RSB studies stained with H&E.
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evaluating CE (mean sensitivity: low-quality studies,
86%; high-quality studies, 70%), but this difference was
not statistically significant.

A subgroup analysis was performed to evaluate the
value of ARM in infants younger than 6 months. Only 4
studies in which the age of the infants studied was
specified were available. In these studies, the mean
sensitivity of ARM was 88% (95% CI, 66%Y96%),
whereas the mean specificity was 89% (95% CI, 57%Y
98%) in infants younger than 6 months. This result was
not significantly different compared with the total group
of children who underwent an ARM (mean sensitivity,
91%; mean specificity, 94%).

Inconclusive tests were most frequently seen in
studies evaluating RSB; 4 studies showed 16 incon-
clusive tests, and the number of inconclusive tests
was unclear in 2 studies. ARM showed 4 inconclusive
tests in 2 studies and CE did not show inconclusive
tests.

DISCUSSION

Our results show that RSB stained for AChE activity
is the most accurate test in the diagnostic workup of
HD. Mean sensitivity of ARM was similar to that of
RSB, but its specificity was significantly lower. Mean

FIG. 2. Forrest plot of specificity in studies examining the accuracy of CE (A), ARM (B), and RSB (C). TN = true-negative test result; FP =
false-positive test result; NA = not applicable, case series that only included patients with Hirschsprung; asterisk (*) = RSB studies stained
with H&E.
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sensitivity and specificity of CE were significantly
lower than those of RSB and ARM.

To our knowledge, this is the first systematic review
evaluating the accuracy of tests for the diagnosis of HD.
Because it is not clear what test is the most accurate in
the diagnostic workup of HD, different approaches are
used in different hospitals. Only 1 report in this
systematic review compared all 3 possible tests in a
single study (18). Therefore, we used indirect compar-
isons to examine the differences in sensitivities and
specificities between the 3 tests.

All studies included in this systematic review had
their limitations. The way patients were selected was
poorly described in all studies. Therefore, it was unclear
whether all consecutive series of patients suspected of
having HD were included or not. Furthermore, a
description of the clinical symptoms of patients sus-
pected of having HD was lacking. For most studies, it
was unclear whether the readers of the index tests were
blinded to the results of the other index tests or
reference standard. Another drawback is that all studies
provided sparse details about the thoroughness of their
clinical follow-up. Essential information, like the
duration of follow-up, the number of patients lost to
follow-up and the way in which patients were con-
tacted, were missing. All studies retrospectively col-
lected their data. The disadvantages of collecting data
retrospectively are the uncertainty about the inclusion
criteria, the nonuniformity of data collection, the
evaluation of known test results and the quality of
follow-up being limited. In almost all studies (23
studies) included in this systematic review, an FTB
was performed in those patients with a positive-index
test. However, several studies did not verify the patients
with negative test results and classified these patients as
true negatives. Patients with a false-negative test result
may stay undetected if follow-up is not adequate or if
patients with persistent symptoms return to a different
hospital. In that case, both sensitivity and specificity
will be overestimated, although the relative effect will
be greater on sensitivity because of the lower number of
patients with HD.

In this systematic review, CE had the lowest
sensitivity compared with RSB and ARM (70% vs
93% and 91%, respectively), indicating that false-
negative test results were more common in CE. Several
explanations have been described for false-negative
results of CE. Especially in young infants suspected of
having HD, a transition zone is difficult to demonstrate
(19). Furthermore, De Campo et al. (15) demonstrated a
normal-caliber colon in 75% of children with total
aganglionosis. Rectal washouts and even digital rectal
examinations may also lead to false-negative test results
(34). RSB and ARM showed false-negative test results
in rare cases. It has been suggested that false-negative
test results of ARM occur because of the displacement
of the transducer probe or as a consequence of
relaxation of the external anal sphincter rather than the
internal anal sphincter (35). The age at which ARM was
performed played no significant role with respect to
sensitivity and specificity. However, the number of
studies included (n = 4) and the number of patients
included in the studies (n = 104) were low. In addition,
both sensitivity and specificity showed a wide CI. The
possible causes for false-negative test results in RSB are
the variability in the biopsy site (correct site is 2Y3 cm
above the mucocutaneous junction), biopsy material that
is too superficial and does not contain muscularis
mucosa, biopsy material with bleeding artefacts, the
technical variations in performance of the stain and the
experience of individual pathologists. Furthermore, a

FIG. 3. Bivariate random summary estimates of sensitivity and
specificity for each of the 3 index tests (square = CE; dot = ARM;
triangle = RSB stained for AChE activity) and the corresponding
95% confidence ellipse around these means.

TABLE 4. Summary estimates for sensitivity and specificity
from the bivariate model

Index test

Parameter

Mean sensitivity,
% (95% CI)

Mean specificity,
% (95% CI)

CE 70 (64Y76) 83 (74Y90)
ARM 91 (85Y95) 94 (89Y97)
RSB 93 (88Y95) 98 (95Y99)
P-value CE vs ARM G0.0001 0.014
P-value CE vs RSB G0.0001 G0.0001
P-value ARM vs RSB 0.730 0.085

Comparison between CE, ARM and RSB stained for AChE activity.
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false-negative reaction may occur in neonates, possibly
because of the immaturity of the enzyme system (34).

A high specificity is also desirable for tests in the
workup of patients suspected of having HD; otherwise,
too many patients unnecessarily have to undergo the
invasive definitive test because of false-positive test
results. False-positive test results were also most
frequent in CE. Rosenfield et al. (17) described 4 new-
born infants with a meconium plug syndrome leading to
a transition zone at the splenic flexure, mimicking the
finding in HD. Other CE studies did not provide a good
explanation for the occurrence of false-positive test
results. The literature contains conflicting views
whether the accuracy of ARM is lower in neonates.
Some studies suggest that failure of the reflex might be
caused by the physiological immaturity of anorectal
function (36,37). Nevertheless, we demonstrated that
term and premature infants older than 26 weeks
postmenstrual age have a well-developed RAIR upon
rectal distension (38,39). The false-positive test results
in ARM might be caused by technical problems, such as
an air leak in the circuit or insufficient inflation of the
balloon (24). False-positive results in RSB are rare.
Only 3 studies showed patients with false-positive test
results (28,14,32). The reason for this is unclear.

The highest frequency of inconclusive tests results
were seen in studies evaluating RSB; 4 of the 14 studies
showed 16 inconclusive tests. The explanation is that
biopsies are taken too superficially (containing insuffi-
cient muscularis mucosa) for proper evaluation. In
contrast, CE did not show inconclusive tests.

In this systematic review, CE showed a wide range in
sensitivity and specificity. The wide range in sensitivity
and specificity values might be due to difference in
quality of studies and/or variation due to chance because
of the low number of included patients. CE showed 1
outlier with a sensitivity of only 15% (15). The reason
of this low sensitivity can be the inclusion of only 13
patients, all with total aganglionosis, which often leads
to false-negative test results on CE. Specificity of CE
studies showed also a wide range and could be
calculated in only 7 studies. The range of sensitivity
and specificity in RSB studies is small. This is also true
for the sensitivity and specificity in ARM studies.

In conclusion, this systematic review shows that RSB
stained for AChE activity and ARM are the most
accurate tests in the diagnostic workup of patients
suspected of having HD. ARM is a noninvasive
diagnostic test and is easy to perform in children older
than 1 year. It therefore has often been suggested as an
ideal screening tool. However, the equipment is expen-
sive, and extensive experience is necessary to perform
this procedure to evaluate the test results in infants
younger than 1 year. In contrast, an RSB is a relatively
simple, efficient and, mostly, an incident-free proce-
dure, although rectal bleeding, perforation or sepsis
caused by RSB has been described (19,40). Because

verification of index tests was not optimal in all studies
included in this systematic review and because all
studies showed methodological limitations, the value
of the accuracy of these tests need to be confirmed.
Large blinded prospective studies with well-defined
inclusion criteria and long-term clinical follow-up
should be performed to evaluate the accuracy of the
different diagnostic tests simultaneously in infants
suspected of having HD.
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