Contrast Enema of Hirschsprung
Disease as an alternative diagnostic
tool in rural areas

By Lulik Inggarwati



Word Count — Words: 4553

TYPE OF ARTICLE: Original Article

Contrast Enema of Hirschsprung Disease as an alternative diagnostic tool in

rural areas

Lulik Inggarwati'?, Anni Masrurotun Najiyah Ziha Ul Haq °, Indrastuti Normahayu*?, Solimun®,

Happy Kurnia Permatasari’, Wisnu Barlianto®, Respati Suryanto Dradjat’'’

'Doctoral Program in Medical Science, Faculty of Medicine, Brawijaya University, Malang, East
Java, Indonesia

? Pediatric Surgery Division, Department of Surgery, Dr. Saiful Anwar General Hospital,
alang, East Java, Indonesia

3 General Surgery Resident, Faculty of Medicine, Brawijaya University, Malang, East Java,
Indonesia

* Department of Radiology, Faculty of Medicine, Brawijaya University, Malang, East Java,
Indonesia

3 Department of Radiology, Dr. Saiful Anwar General Hospital, Malang, East Java, Indonesia

© Department of Statistic, Brawijaya University, Malang, East Java, Indonesia

7 Department of Biochemistry and Biomolecular, Faculty of Medicine, Brawijaya University,
Malang, East Java, Indonesia

8 Department of Pediatric, Faculty of Medicine, Brawijaya University, Malang, East Java,
Indonesia

? Department of Orthopedic and Traumatology, Faculty of Medicine, Brawijaya University,
Malang, East Java, Indonesia

10 Pediatric Division (Department of Orthopedic and Traumatology,. Saiful Anwar General

Hospital, Malang, East Java, Indonesia

CORRESPONDING AUTHOR

E-mail: matahari63@ub.ac.id




Word Count — Words: 4553

ABSTRACT

Background and Objectives. Hirschsprung disease (HSCR) is a disease caused by an absence of
ganglion cells in the myenteric plexus and submucosa of the rectum and colon. Rectal biopsy, the gold
standard for diagnosing HSCR requires histologic examination which may not be found in rural areas.
Meanwhile the holistic diagnostic is essential for ensuring effective HSCR management. We aimed to
measure Qe sensitivity, specificity, and accuracy of contrast enema of HSCR as an alternative diagnostic
tool compared to suction rectal biopsy.

ﬂaterials and Methods. We conducted a cross-sectional study which included 35 suspected HSCR
ients in Dr. Saiful Anwar General Hospital Malang Indonesia who met our criteria. We used independent
t-test and chi-square to compare the parameter studies. We measured Qe sensitivity, specificity, and
accuracy of contrast enema of HSCR using a confusion matrix. The odds ratio (OR) was also calculated to
indicate the diagnosis of HSCR is correct compared to non-HSCR cases.

Results. The sensitivity, specificity, and accuracy of contrast enema of HSCR consecutively were 93.3%;
80%; and 91.42%. This present study also showed that the OR of contrast enema of HSCR is 11 (Confident
interval (Cl) 95%: 1.064—113.731). It means that a positive suction rectal biopsy contrast enema is 11 times
more likely to be associated with HSCR than a negative study.

Conclusions. Our findings suggest that contrast enema of HSCR can be considered as a tool for diagnosing

HSCR in rural areas lacking of histologic examination services.

Keywords: Accuracy, Diagnostic, Hirschsprung, Contrast enema, Sensitivity, Specificity

Abbreviations:
AP : Anteroposterior

Cl : Confident interval
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FN : False negative

FP : False positive

HAEC : Hirschsprung-associated enterocolitis
HSCR : Girschsprung disease

NPV : Negative predictive value

OR : Odds ratio

PPV : Positive predictive value

RI : Rectosigmoid index

TN : True negative

TP : True positive

INTRODUCTION

Hirschsprung disease (HSCR) also known as congenital megacolon is a condition caused by the
absence of ganglion cells (aganglionosis) in the myenteric plexus and submucosa of rectum and
colon [1]. Aganglionosis typically extends to the proximal of transitional zones with varying
lengths. This leads to narrowing in the aganglionic segment with the transitional zone taking on a
funnel-like shape, as well as dilation and hypertrophy in the proximal segment. Consequently, this
condition can impede the peristaltic movement of the intestine, resulting in a clinical condition
known as functional obstruction [2].

e worldwide incidence of HSCR is estimated to be around 1:5000 births and more in male than
female with a ratio 4:1, HSCR also rarely occurs in premature babies [1,3]. In Indonesia, based on
the data obtained from the Ministry of Health, HSCR incidence also imated to be around 1:5000
live births [4]. It is still no published data of HSCR incidence in East Java, especially in Malang
city every year. Dr. Saiful Anwar General Hospital Malang, which is one of the East Java referral
center only has 2 published studies on HSCR. Study conducted by Inggarwati in 2010 showed that
the total of HSCR cases in 2005-2006 is 18 [5]. Then in 2021, Wibowo conducted a research with
a total of 8 HSCR cases in 2008 [6].

In general, there are three supporting examinations that can be performed to diagnose HSCR

namely contrast enema of HSCR, anorectal manometry, and rectal biopsy [7]. The gold standard

for enforcing HSCR is rectal biopsy confirm the absence of ganglion cells in submucosa through
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histologic examination [1,8]. Rectal biopsy examination began in 1948, Whitehouse and Kernohan

established the diagnosis of HSCR depending on the microscopic evaluation of the rectal biopsy.
Initially, a biopsy was performed by excising the entire thickness of the rectal muscle wall to obtain
an overview of the myenteric plexus. This procedure is relatively difficult to perform because it
requires general anesthesia, it can cause inflammation and connective tissue formation which can
complicates further definitive surgery. In addition, this technique can cause complications such as
perforation, rectal bleeding, and infection. Later, rectal suction biopsy was t:roduced as a
diagnostic method that can be performed without general anesthesia and with less potential for
bleeding or infection [9].

Rectal biopsy and histologic examination can be challenging to perform in rural areas, even the
sample of suction rectal biopsy are stable in formalin and can be sent to an adequate center, the
delivery process requires time, a long distance, and relatively expensive costs. Still, an accurate
diagnosis is essential to determine the appropriate management for HSCR. Contrast enema is a
preferred radiological examination of HSCR where the biopsy is not yet available. According to
our observation, rectal biopsy has only been available since March 2021 in Dr. Saiful Anwar
General Hospital Malang. Contrast enema of HSCR were used before as the most important
diagnostic tests. Given the frequency of HSCR cases, the effective utilization of diagnostic options,
and the continued use of contrast enema of HSCR in peripheral hospitals and rural areas, this study

aims to determine the sensitivity, specificity, and accuracy of contrast enema of HSCR compared

to the findings of rectal biopsy which serve as the gold standard.

TERIALS AND METHODS

Patient Sample

This study employed a cross-sectional study design. Research subjects consisted of all suspected
HSCR patients aged 0-12 months who presented at . Saiful Anwar General Hospital Malang

from January to December 2021. Patients with complications such as Hirschsprung-associated

enterocolitis (HAEC) or sepsis, congenital lethal anomalies, and those who had previously
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undergone a stoma procedure were excluded from the study. The sampling technique used was

total sampling method, namely all existing patients who met the criteria will become research
subject. Patients would later classified into HSCR and non-HSCR based on the results of contrast
enema of HSCR and suction rectal biopsy to calculate sensitivity, specificity, and accuracy.

Data Collection

The data were collected by direct interview with the families of patients. In each patient,
heteroanamnesis, physical examination, and diagnostic procedures were conducted, including the
contrast enema of HSCR and suction rectal biopsy. In this study, contrast enema performed without
fasting and bowel preparation. First, folley catheter inserted into rectum with the tip inside the
distal rectum, catheter balloon was not inflated. Second, contrast media was inserted passively
using gravitation, followed with fluoroscopy in AP position, until transitional zone identified. Then
lateral image of rectum and sigmoid was taken to identify rectosigmoid index. After that, wide field
of view abdominal X-ray was taken. Lastly 48 hour photo was taken in AP supine position to check
contrast retention. By the result of suction rectal biopsy, HSCR was determined ith the absence
of ganglion cells in submucosa on histologic examination. order to reduce the likelihood of bias,
the results of each diagnostic tool were read by the same individual.

Data Analysis

The collected data was processed first in the form of frequency tables. Data was subsequently
analyze with independent t-test and chi-square to compare the study parameters between HSCR
and non-HSCR. Furthermore, cross-tabulation was conducted between the two diagnostic tests.
Sensitivity, specificity, and accuracy calculations were performed using a confusion matrix (Figure
1). Additionally, the odds ratio (OR) was calculated to indicate the likelihood that the established
diagnosis is true for HSCR compared to non-PH cases.

Ethic

This research was conducted after obtaining research permission and ethical approval from the
Research Ethics Commission of Dr. Saiful Anwar General Hospital Malang under the serial
number 400/131/K.3/102.7/2022. The research subjects were represented by parents or legal family

and they also provided their consent to participate in the study.
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RESULTS

Demographic Characteristics

We analyzed up to 35 suspected HSCR patients who came to . Saiful Anwar General Hospital
from January to December 2021. There were included 27 male patients and 8 female patients.e
average of age, birth weight, and birth length consecutively is 30.03 days,3135.14 gram, and 48.54
cm (Table 1). Out of 35 suspected HSCR patients examined using contrast enema, a total of 30
patients showed signs of HSCR, while 5 patients were non-HSCR cases. Based on suction rectal
biopsy, there were 29 HSCR patients and 6 non-HSCR patients. The characteristics such as sex,
age, birth weight, and birth length had no significant p-values (Table 2).an be concluded that
there was no significant difference characteristic between HSCR and non-HSCR patients. On the
other hand, based on the OR calculations (Table 2), male patients had 4.8 times higher risk of
HSCR compared to female patients.

Several complaints experienced by patients include delayed meconium passage, enlarged stomach,
vomiting, difficulty defecating, and recurrent bloating. The statistical calculations regarding patient
complaints based on suction rectal biopsy as a gold standard, consist of vomiting (p=1.000),
difficulty defecating (p=0.576), and recurrent bloating (p=0.079) (Table 2) leading to the
conclusion that ere was no significant difference between HSCR and non-HSCR patients.
However, the enlarged stomach indicated signjficant difference between HSCR and non-HSCR
patients (p=0.003) (Table 2). Patients who present with vomiting complaints are at a 0.96 times
higher risk of HSCR compared to patients without vomiting complaints. Additionally, patients
experiencing difficulty defecating and recurrent bloating are consecutively at 2.4 and 6.25 times
higher risk of HSCR (Table 2).

Sensitivity, Specificity, and Accuracy of Contrast Enema

There were found 28 true positives, | false positive, 2 false negatives, and 4 true negatives (Table

4). It showed among 29 (82.86%) patients diagnosed HSCR with suction rectal biopsy results, there
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were as many as 96.55% patients with the results of contrast enema also showing a picture as

HSCR. Meanwhile, the 6 patients (17.14%) whose suction rectal biopsy results did not show
HSCR, only 33.30% patients whose contrast enema showed HSCR.

Based on the confusion matrix formula (Figure 1) and the cross-tabulation results (Table 3), we
obtained sensitivity, specificity, accuracy of contrast enema of HSCR compared to suction
rectal biopsy result were consecutively 93.3%, 80%, and 91 42%. The value explained that contrast
enema of HSCR capable to show which patient suffer from HSCR among the patients who were
truly HSCR by 93.3%. Contrast enema of HSCR also had an ability of 80% to show non-HSCR
patients and it was true that these patients are non-HSCR based on suction rectal biopsy result.
From the results, it was obtained that contrast enema of HSCR can accurately predict whether a
patient had HSCR or not with a 91.42% accuracy.

Furthermore, a positive predictive value (PPV) of 96.55% was obtained. This means that contrast
enema of HSCR was able to correctly predict HSCR with a rate of 96.55%. Additionally, the
66.66% negative predictive value (NPV) was indicating that contrast enema of HSCR can correctly
predict non-HSCR. The OR of contrast enema of HSCR was 11 (95% Confident interval (CI):
1.064-113.731) (Table 4). If the result of contrast enema of HSCR indicated HSCR, the likelihood

of the patient also being diagnosed with HSCR from biopsy result is 11 times greater compared to

non-HSCR cases.

DISCUSSION

Based on characteristics of patients with HSCR, the majority (constituting 80%) are male. This is
consistent with other studies that also state that male predominates among the majority of HSCR
patients [10-12]. Although there is no significant difference in sex distribution ofCR and non-
HSCR patients in this study, the value of OR suggests that the risk of developing HSCR is 3.2
times greater in male patients than female patients. As it is acknowledged that male are more
commonly affected than female in the case of HSCR [13]. Out of the 35 suspected HSCR patients,

the average age of baby at the first time examination is 30.03 days. The age distribution was more

dominant within the 0-4 week range following birth (36.4%) [14]. This is supported by a study at
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Ulin General Hospital in South Kalimantan, which stated that the average age of patients arriving

at the hospital was 30 days (74.2%) [15]. No significant difference are found in the birth weight
and birth length between HSCR and non-HSCR patients. It means that there is a lack of disparity
observed in the birth weight and birth length among patients. This statement is supported by
research conducted at Dr. Mohammad Hosein General Hospital in Palembang, which stated that
schsprung's Disease is not associated with a low percentage of neonatal birth weight [16].

A clinical indicator pointing towards HSCR is delayed meconium passage. Delayed meconium
passage beyond the first 24 hours occurs in around 90% of HSCR cases [1]. This study reports that
all patients experienced delayed meconium passage and exhibited a significance value of 0.001.
Other story indicated that ﬂ proportion of HSCR patients with a history of delayed meconium
passage at 48 hours is significantly higher than non-HSCR patients (p<0.001) [17]. Delay in the
passage of meconium is the primary indication of HSCR in newborn. More than 90% of individuals
are affected by this condition do not excrete meconium within the initial 24 hours of their life [18].
Patients usually present with delayed meconium passage (>24 hours), vomiting, abdominal
distension, and constipation. All term babies who to pass meconium within 2448 h of life and
with abdominal distension should subjected to rectal biopsy. Constipation is a common childhood
problem.ly a subset of children with constipation has significant problems, and of this subset
has HSCR [19].

In this study, the majority of HSCR patients diagnosed with suction rectal biopsy experienced
enlarged stomach with a significant p-value (p=0.003) compared to non-HSCR cases. Vomiting
(p=1.000), difficulty defecating (p=0.576), and recurrent bloating (p=0.079) indicates there are no
niﬁcant difference between HSCR and non-HSCR patients. In children over 1 month of age, the
strongest factors associated with HSCR are male gender, developmental failure, abdominal
distension, and vomiting [20]. Additionally, patients often have a history of recurrent bloating or
experience severe chronic constipation since infancy [1].

This present study states that contrast enema of HSCR has 93.30% sensitivity, 80.00% specificity,

and 91.24% accuracy. Additionally, PPV of 96.55% and NPV of 66.66% were also obtained.

Considering the false negative value of 33.33% and the potential for harm by delayed or over
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treatment, a suction rectal biopsy still needs to be carried out and the sample is sent using formalin

because the delivery process takes time and distance. The patient can be treated with a saline
laxative enema first. For the center that do not have equipment for biopsy, it is better to refer
patients to the center with more adequate equipment.

The values obtained exhibit a sufficiently high magnitude to differentiate and diagnose HSCR and
non-HSCR. A study conducted at Sanglah Hospital in Denpasar mentioned that barium enema had
a sensitivity of 95.50%, specificity 87.50%, PPV 97.60%, and NPV 77.8% for diagnosing HSCR
[21]. Radiological observations such as transition zone and irregular rectosigmoid index (RI)
during contrast enema examination prove to be highly accurate for the diagnosis of HSCR with the
reported contrasting values for sensitivity, specificity, accuracy, PPV, and NPV at 83.78%,
80.00%, 83.33%, 96.88%, and 40.00% respectively [22]. Research in Pakistan, with higher results
reported that barium contrast enema had a sensitivity of 95.24%, specificity of 90.40%, PPV of
90.91%, NPV of 94.96%, and accuracy of 92.83% [23]. Another study reported the accuracy of
barium enema as a diagnostic tool for HSCR to be around 72% [24].

Contrast enema of HSCR according to the theory is a radiographic examination of the colon using
contrast media which aims to show the anatomy of the colon. It used preliminary anteroposterior
(AP) photo projections and images with contrast media, as well as AP, lateral and AP post-
evacuation projections [25]. It lps confirm the diagnosis or rule out a differential diagnosis of
HSCR by determines the transition zone [26]. Mcanwhile,ctal biopsy is the gold standard for
diagnosing HSCR which is determined by the absence of ganglion cells in the distal intestine,
bmucosalfMeissner plexus, and intermuscular plexus/Auerbach [1]. Comprehensive
categorization of irregularities in colonic mucosa detected through a contrast enema shows a high
level of sensitivity and moderate specificity for HSCR [27]. Colon area examination will be more
visible using contrast media. Other studies in the case of Hirschsprung's were not carried out with
rectography examination, only using colon in-loop examination with several projections, namely
abdominal plain AP, AP, and lateral post-contrast [28]. Barium contrast enema is considered

effective for diagnosing lower gastrointestinal obstructions. It can be used for diagnosing HSCR

when suction rectal biopsy equipment is not available [29,30]. Another study examined 24-hour
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delayed barium enema film on suspected HSCR patients revealed that the significance of barium

retention levels persists in predicting aganglionic bowel segments, playing a role in the decision-
making process for surgical physicians. While the correlation rate may fluctuate based on the age
and clinical type of HSCR patients, the retained barium level serves as a valuable predictor for the
actual extent of disease involvement. Nevertheless, histopathology remains essential for precisely
determining the aganglionic bowel segment in individuals with HSCR [31].

In this cross-sectional study, high values of sensitivity, specificity, and accuracy were obtained.
This statement is supported by previous research findings and the obtained of OR. The value of
OR for the diagnosis of contrast enema of HSCR is 11 (95% CI: 1,064 — 113,731) (OR> 1). It can
be concluded that the diagnosis of contrast enema of HSCR can be one of the factors for predicting
a HSCR diagnosis. Where if the results of contrast enema show HSCR, the probability of patient
is correctly diagnosed with HSCR from the results of the suction rectal biopsy is 11 times greater
than non-HSCR. This study has a limitation including a limited sample size as the research was

only conducted at a single hospital center within one-year period.

CONCLUSION

The results of contrast enema of HSCR performed on patients suspected of HSCR had a 93.3%
sensitivity, 80.00% specificity, 91 4% accuracy, and obtained OR of 11.0 (95% CI: 1.064-113.731).
It can be concluded that contrast enema of HSCR can be considered as a tool for diagnosing HSCR
in rural areas where the suction rectal biopsy as a gold standard diagnosis and histologic

examination services are not available.
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TABLES
Table 1. Demographic Characteristics
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Demographic Frequency Percentage (%)
Sex
Male 27 77.14%
Female 8 22 .86%
Patient age (Mean+SD) 30.03+65.10
Birth weight (gram) (Mean+SD) 3135.14+332.18
Birth length (cm) (Mean+SD) 48.54+2 13
Mother's age (Mean+SD) 29.74+6.10
Gestational age
<37 week (Preterm) 2 57%
37-42 week (Normal) 33 04 3%
>42 week (Postterm) 0 0%
How to give birth
Normal 26 74.29%
Sectio caesaria 9 25.71%
Meconium
>24 hours 35 100%
<24 hours 0 0.0%
Rectal suction biopsy results
Hirschsprung 29 82.86%
Non Hirschsprung 6 17.14%
Contrast enema of HSCR results
Hirschsprung 30 85.71%
Non Hirschsprung 5 14.29%
Operation action
There isn't any 24 68.57%
Duhamel Procedure 4 11.43%
Sigmoidostomy 4 11.43%
EPT 3 8.57%

CR = Hirschsprung disease; TEPT = transanal endorectal pull-through

Table 2. Bivariate Analysis of Patient Characteristics Based on Contrast Enema of HSCR Result




Word Count — Words: 4553

Characteristics HSCR (n) Non-HSCR (n) P-Value Odds Ratio
Sex
Male 24 3 32
Female 6 2 0.11¢¢ (C195%: 0.75 — 13.66)

Age (Median) 7 19 0.380°
Birth weight (Mean) 312348 3157.5 0.778"
Birth length (Median) 50 490 0481°
Meconium

>24 hours 30 5 a

<24 hours 0 0 0.001

Complaints of
enlarged stomach

Yes 30 2 a
No 0 3 0.044
Complaints of
vomiting
Yes 24 5 2375
6 0 0.000* (C1 95%: 3.69 —
No 152.89)
Complaints of
difficulty defecating
Yes 24 4 a 10.8
No 6 I 0002° (1 95%: 2.09-55 67)
Complaints of
recurrent bloating
Yes 25 3 a
No 5 5 0.002

HSCR = Hirschsprung disease; CI = confident interval; (a) Analysis with chi-square test (b)
Analysis with independent t-test

Table 3. Cross-tabulation on Contrast Enema of HSCR and Suction Rectal Biopsy
Suction Rectal Biopsy
HSCR Non-HSCR Total




Word Count — Words: 4553

Count 288 ob 30
HSCR % within
eCr?enr:;i)tf GELE;:;]C 96,55% 33,33% 85.71%
HSCR
disease Count 1€ 44 5
Non-HSCR o\ ithin
°§}§;§;’ ' 345% 66,66% 14.29%
Count 29 6 35
Toual % within
g ngggi;’f 100.0% 100.0% 100.0%
7 b

HSCR= Hirschsprung disease; (A) true positive; (B)false negative; (C) false positive; (D) true
negative

Tabel 4. Risk Estimation on Contrast Enema of HSCR and Suction Rectal Biopsy
Value 95% Confident Interval

Lower Upper
OR Colon in Loop Result HSCR/ Non- a b b
HSCR 11 1.064 113.731

Cohort Biopsy Result HSCR 1.435 0.953 2.16l1




Word Count - Words: 4553
Cohort Biopsy Result non-HSCR 0.130 0016 1.041

Valid Cases 35

HSCR = Hirschsprung disease




Word Count — Words: 4553

FIGURES
Suction Rectal Biopsy
(Gold Standard)
Positive Negative
e True Positive |False Negative| Sensitivity
Contrast Positive (TP) (FN) TP/(TP+FN)
Enema of
Hirschsprung
Disease Negative False Positive | True Negative | Specificity
& (FP) (TN) TN/(TN+FP)
Positive Negative Accuracy
Predictive Predictive
Value (PPV) | Value (NPV) (TP+TN)
(TP+TN+
TP/(TP+FP) | TN/(TN+FN) FP+FN)

Figure 1. Confusion Matrix




