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Abstract

Introduction: Anorectal malformations represent a complex group of congenital anomalies which results in abnormal
development of the hindgut. To accomplish a successful post-operative outcome, an accurate preoperative imaging assessment
is required.

Purpose: The purpose of this study was to compare the sensitivity of magnetic resonance imaging (MRI) and conventional
imaging technique in terms of detection of type of anorectal malformation, type of fistula, development of puborectalis muscle,
and external sphincter and associated anomalies taking surgery as reference standard.

Methods: Patients underwent MRI and pressure colostography/fistulography. All patients underwent corrective surgery. The
results of MR and conventional techniques were compared using surgery as reference standard.

Results: MRI and colostography/fistulography were able to correctly identify type of ARM in 28 out of 30 patients (93.3%). The
sensitivity of MRI and colostography/fistulographyfor detection of presence of fistula was 100% and 37.03%, respectively. MRI
and colostography correctly identified type of fistula in 22 out of 27 (81.48%) and 10 out of 27 patients (37%), respectively.
Colostography failed to identify 16 surgically proven fistula out of 27 (59.25%). It was possible to clearly visualize and evaluate
the bulk of muscles the levatorani and pubo-rectalis muscle in all the patients with MRI. The incidence of associated anomalies
in present study was 43.3%.

Conclusion: MRI proved to be better imaging technique than conventional imaging techniques (colostography/fistulography)
for pre-operative workup of anorectal malformation.
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INTRODUCTION common among boys (34.5% vs. 13.3%) and low lesions
more common among gitls (70.9% vs. 47.6%)." The male
female ratio associated with ARM is almost equal, with
a ratio of 56:44.'™" Associated anomalies are 13 times
more common in high type in comparison to low type.
1% Several classification systems have been proposed for
ARM; however, the Krickenbeck classification is widely
accepted today, which is based on the presence or absence
of fistula and its location.""’l The final stage corrective
surgery for anorectal malformation depends on the level
of the fistula in reference to pelvic floor. Thus, accurate
recognition of different subtypes of ARM is essential for
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Access this article online operative management.!"')

Anorectal malformations comprise a complex group
of congenital anomalies that results from abnormal
development of the hindgut, allantois, and Mullerianduct
resulting in incomplete or partial urorectal septal
malformations. ARM is a relatively uncommon congenital
cause of intestinal obstruction in the newborn, occurring
in approximately one out of every 4000-5000 births
(4.05/10,000 births).l"" Approximately 36.4% of cases
occur as isolated lesions and 63.6% are associated with
other congenital anomalies.*® High lesions are more
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tomography, and magnetic resource imaging (MRI), all
the diagnostic imaging have helped surgeon a lot with
the information needed to correct the malformation. To
achieve a successful post-operative outcome, a propet pre-
operative imaging assessment is required which includes
assessment of the presence of a fistula, level and type
of anorectal malformation, developmental state of the
sphincter muscle complex, and presence of any other
associated anomalies." MRI fulfills these requirements
because of its excellent intrinsic contrast resolution,
multi-planar imaging capabilities, and lack of ionizing
radiation. Disadvantages of MRI include the need for
sedation, high cost, and limited availability. Despite of
all these disadvantages, MRI is increasingly being used
for the pre-operative work-up of ARM patients."!
Conventional imaging techniques such as colostography/
fistulography have many disadvantages such as operator
dependency, perforation, false impression of lower
anomaly, troublesome, and radiation exposure.

In our study, we have evaluated 30 patients with anorectal
malformation using MRI and conventional imaging
techniques (colostography/fistulography) and these results
were compared using surgery as the reference standard.

MATERIALS AND METHODS

All the patients were examined using 3-Tesla MR system
(siemens, magnetomskyra), after taking consent from their
parents as all the patients are children and infants. Scanning
was done under sedation using midazoloam or ketamin as
anesthetic agent. Body coil or head coil (infants) was used.
Images of the pelvis to assess the level and type of ARM
as well as the bulk of the sphincter muscle complex were
acquired in the axial, coronal, and sagittal plane using T'1
and T2-weighted Turbo Spin-Echo (T2W TSE) sequences
(tepetition time ms/echo time ms - 5000/132; field of
view-130-150; section thickness-1.5 mm; gap-1 mm;
number of signals acquired-2; flip angle-90; matrix-512
X 512; acquisition time). In the coronal and axial section,
orientation was parallel and perpendicular to the plane of
the anal canal, respectively. STIR images were also taken in
three orthogonal planes whichever required. Total scanning
time was 20—25 min.

Pressure colostography was performed by inserting a Foley
catheter in the distal rectal pouch and by injecting water-
soluble non-ionic contrast media (Iohexol) into it and then
subsequent images were taken in AP and lateral view using
computed radiography system. When the neonate did not
have a colostomy stoma, the distal fistula was injected with
non-ionic contrast agent and images were taken in AP and
lateral view.

Analysis of the MR images was based on the following
criteria. The location of the transition of the normal rectal
mucosa into the fistula was evaluated. Pubococcygeal line
is the line extending from the lower border of the pubic
symphysis to the coccyx. It corresponds with the attachment
of levatorani muscle to the pelvic wall. It separates high type
of ARM from other types with high-type lying above this
line." I-plane (Ischeal plane)passes through the lowest point
of the ischial tuberosity parallel to the above line. It separates
intermediate type from low type (lying above and below this
line, respectively)."”l Since no pressure was applied during
MRI to dilate the bowel loop, differentiation between
normal colon and fistula was based on the layered pattern
of the bowel segment. If the different layers of bowel wall
(mucosa, submucosa. and muscle layer) were visualized, it
was classified as normal bowel and if no layer was visible, it
was classified as a fistula [Figures 1 and 2]. The presence of
fistula and its type was based on Krickenbeck’s classification.
The degree of development of the puborectalis and external
sphincter muscle complexis assessed in the coronal and axial
planes. If RWPR <0.18 and RWEAS <0.15, it is termed
as poor development of muscles."”" RWPR is defined as
the total width of puborectalis muscle/half distance of
ischial tuberosities. Similarly, RWEAS is defined as total
width of external anal sphincter/half distance of ischial
tuberosity. Other associated anomalies involving the
vertebrae, spinal cord, and/or the genitourinary system
anomalies are evaluated. An ectopic anus is described as
an anal index of <0.34 in girls and <0.46 in boys. The anal
index is defined as the ratio of the scrotal — anal distance
to the scrotal—coccygeal distance in males, and the ratio of
the fourchette—anal distance to the fourchette—coccygeal
distance in females."!

Krickenbeck’s International Classification

Major clinical groups
Perineal fistula
Recto-urethral fistula
Bulbar
Prostatic
Recto-vesical fistula
Vestibular fistula
Cloaca
No fistula anal stenosis

Regional/rare variants-Pouch colon
Rectal atresia/stenosis
Recto-vaginal fistula
H-type fistula
Others

Interpretation of cologram findings were done on the
basis of termination of the distal opacified bowel loop
in reference to the pubococcygeal line and ischial-plane.
The presence of some abnormal tract suggesting fistulous
communication [Figure 1]. The presence of any associated
anomaly in spine is also documented. Deficiency of the
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Figure 1: Prone, cross-table lateral radiograph of a pelvis
demonstrating the pubococcygeal (PC) line between the pubic
symphysis and coccyx, and the ischial (I) line running parallel

to the PC line at the inferior aspect of the ischium. In the this
example the terminal bowel gas extends to the | point in a child
with a rectoprostatic urethral fistula

Figure 2: 8 month old male child with no external anal opening.
He had undergone colostomy soon after his birth. Pressure
colostography and MRI was performed[A]. (T2-weighted sagittal
image)- Distal anal canal not visualized and proximal anal canal
and rectum is displaced anteriorly and is terminating just below
the pubo-coccygeal line communicating anteriorly with bulbar
urethra. [B] STIR sagittal image- anal canal is displaced anteriorly
and is communicating with bulbar urethra.[C]. (STIR Axial

images)- Common channel for urethra and anal canal can be seen.

[D]. (Pressure colostography — lateral images- normally opacified
and dilated rectum with recto-bulbar fistula can be seen.

fourth and fifth sacral vertebrae usually allows normal
innervation of the bladder and levatorani and adequate
development of the levator. Deficiency of the third,
fourth, and fifth sacral vertebrae is usually accompanied
by variable abnormal nerve and muscle development,
and most patients are incontinent. Deficiencies involving
the first or second sacral segments are always associated
with incontinence and poorly developed and innervated

levatorani and pelvic floor musculature.””

RESULTS

The study included 30 patients with anorectal malformation
who underwent MRI and colostography/fistulography. Age
of the patients varies from 8 months to 5 years. Out of the
30 patients, 24 underwent pressure colostography and six
underwent fistulography, while all patients underwent MRI
examination. All patients underwent corrective surgery and
the results of the MRI and colostography and fistulography
were correlated with the surgical findings.

MRI was able to correctly identify type of ARM in 28 out
of 30 patients (93.3%). It was able to identify all the patients
with high type, 7 out of 7 (100%), 15 out of 16 patients
(93.8%) with intermediate type, and 6 out of 7 patients
(85.7%) with low type. However, one intermediate type was
falsely identified as high type and one low type was identified
as intermediate type. Colostography correctly identified the
type of ARM in 28 out of 30 patients (93.3%). One high
type was falsely identified as intermediate type and one low
type was identified as intermediate type [Table 1].

MRI was able to correctly identify type of fistula in 27 out
of 27 patients (81.48%). MRI was able to correctly identify
10 out of 12 patients (83.3%) with recto-bulbar fistula, 5 out
of 7 patients (71.4%) with recto-prostatic fistula, 2 out of
2 patients (100%) with perineal fistula, 2 out of 2 patients
(100%) with recto-vaginal fistula, and 3 out of 4 patients
(75%) of recto-vestibular fistula. On MRI, two recto-
prostatic fistula were mis-interpretated as recto-bulbar
fistula, two recto-bulbar fistula were mis-interpretated as
recto-prostatic fistula, and one recto-vaginal fistula was
mis-interpretated as recto-vestibular fistula.

Table 1: Type of ARM on different investigations

Type of ARM MRI Colostography/fistulography Surgery
Frequency Percent Frequency Percent Frequency Percent
High 8 26.7 20.0 7 23.3
Intermediate 16 53.3 60.0 16 53.3
Low 6 20.0 20.0 7 23.3
Total 30 100.0 100.0 30 100.0

MRI: Magnetic resource imaging
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Figure 3: 2 Year old boy came with no external anal opening.
He had undergone colostomy soon after birth. Pressure
colostography and MRI pelvis was performed. [A]. (T2-

weighted sagittal image)- Distal anal canal not visualized and

proximal anal canal and rectum is displaced anteriorly and is
terminating just below the pubo-coccygeal line communicating
anteriorly with prostatic urethra. [B].T2 wieghted axial images-
anal canal is displaced anteriorly and is lying just behind the
prostatic urethra.[C]. (T2 wighted axial images)- Common
channel for urethra and anal canal can be seen. [D]. (T2
wighted coronal images)- Normally developed levator ani and
puborectalis muscle can be seen.

Colostography/fistulography correctly identified the
presence of fistula in 10 out of 27 patients (37%). It failed
to identify 16 out of 27 patients (59.25%) of surgically
proven fistula. Colostography/fistulography failed to
achieve significant association with surgery (P-value 0.197)
for detection of presence of fistula [Tables 2 and 3].

It was possible to cleatly visualize and evaluate the bulk of
muscles the levatorani, pubo-rectalis muscle, and external
sphincter in all the patients with MRI. On MRI, out of

Table 2: Presence of fistula on different
investigations

Presence of fistula Frequency Percent P value
MRI 27 90.0 <0.0001
colostography/fistulography 10 33.3
Surgery 27 90.0

30 patients, 18 (60%) patients were identified with normal
muscle development and 12 (40%) patients with poor
muscle development.

On colostography/fistulography, the development of
muscles was predicted on the basis of development of
sacral vertebrae. In our study, 11 patients had complete
or partial absence of sacral vertebrae, out of which,
eight patients had absence of three or >three vertebrae
and were designated with poorly developed muscles.
Twenty-two patients (73.3%) were identified with normal
muscle development and 8 patients (26.7%) with poorly
developed muscles. Seven patients who were identified
with normal muscle development on conventional
techniques (colostography/fistulography) showed poor
muscle development on MRI. Three patients who were
identified with normal muscle development on MRI were
diagnosed as pootly developed on conventional techniques
(colostography/fistulography). However, this difference
was not statistically significant [Table 4].

In the present study, the incidence of associated anomalies
was 43.3%. The most common associated anomaly was
vertebral anomaly followed by spinal cord anomalies and
genito-urinary anomalies. MRI showed genito-urinary
anomaly in two out of 30 (6.67%) patients which included
hydronephrosis in one patient and ambiguous genitalia
in one patient, isolated vertebral anomaly in 5 out of
30 patient (26.67%), caudal regression syndrome in 2
out of 30 patients (6.67%), and vertebral agenesis with
tethered cord in 1 out of 30 patients (3.33%). There was
significant correlation between MRI and colostography and
fistulography for detecting the vertebral anomaly.

DISCUSSION

In the present study, we compared high-resolution MRI
findings with that of the colostography/fistulography,
taking surgical findings as reference standard. We found
that MRI is better diagnostic tool than colostography/
fistulography for evaluation of anorectal malformation in

Table 3: Type of fistula on different investigations

Type of fistula MRI Colostography/fistulography Surgery
Frequency Percent Frequency Percent Frequency Percent

None 3 10.0 19 63.3 3 10.0
Perineal fistula 2 6.7 2 6.7 2 6.7
Recto-bulbar 12 40.0 5 16.7 12 40.0
Recto-prostatic 7 23.3 0 0 7 23.3
Recto-vaginal 3 10.0 2 6.7 2 6.7
Recto-vestibular 3 10.0 1 3.3 4 13.3
Total 30 100.0 30 100.0 30 100.0
MRI: Magnetic resource imaging
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Table 4: Comparison of muscle development as
detected by MRI and conventional investigation

Muscle Muscle development on Total

development conventional investigation

on MRI Normal Poor

Normal 15 3 18
68.2% 37.5% 60.0%

Poor 7 5 12
31.8% 62.5% 40.0%

Total 22 8 30
100.0% 100.0% 100.0%

MRI: Magnetic resource imaging

terms of detection of fistula, type of fistula, development of
pelvic floor muscles, and presence of associated anomalies.
MRI is equally sensitive to conventional techniques in
determination of type of anorectal malformation.

The most common type of anorectal malformation was
intermediate type followed by high type then low type.
The result of this study correlated with the result of the
study done by Abdulkadir ¢z @/”" and another study done
by Tang et al.?? The sensitivity and specificity of MRI for
detection of high type of ARM were 85.6% and 100%, for
intermediate type 100% and 85.7% and for low type 85.7%
and 85.6%, respectively. The sensitivity and specificity of
colostography/fistulography for identification of high
type of ARM were 85.6% and 100%, for intermediate
type — 100% and 85.7% and for low type 85.7% and
95.6%, respectively. Significant association was noted
between colostography/fistulography for identification
of type of ARM. Thus, it can be concluded that MRI and
conventional imaging (colostography/fistulography) are
nearly equal sensitive for the detection of type of ARM
(high, intermediate, and low). The result of this study does
not matches with a similar study done by Thomer ez a/*

We found the sensitivity of MRI for detection of presence
of fistula was 100%. The most common type of fistula was
recto-bulbar fistula. Colostography identified presence of
fistula in 37% cases. There was 56.7% increase in detection
of fistulae with MRI in comparison to conventional
imaging techniques (colostography/fistulography). The
difference was found to be highly significant (P < 0.0001).
This study result matches with the similar study done by
Elsayed ez a/”" and Thomer ez all*!

MRI was also able to delineate the pelvic floor muscles and
helped in evaluation of their bulk, thus making it possible to
predict the post-operative anal continence. On MRI, out of
30 patients, 18 patients (60%) were identified with normal
muscle development and 12(40%) patients with poor
muscle development. On colostography/ fistulography,
the development of muscles was predicted on the basis

of development of sacral vertebrae. Twenty-two (73.3%)
patients were identified with normal muscle development
and 8 patients (26.7%) with poorly developed muscles
on colostography. Seven patients who were identified
with normal muscle development on conventional
techniques (colostography/fistulography) showed poor
muscle development on MRI. Three patients who were
identified with normal muscle development on MRI were
diagnosed as poortly developed on conventional techniques
(colostography/ fistulography). However, this difference
was not statistically significant.

In the present study, the incidence of associated anomalies
according to our MRI protocol and conventional
techniques was 43.3%. The most common associated
anomaly was vertebral anomaly followed by spinal cord
anomalies and genito-urinary anomalies. MRI showed
genito-urinary anomaly in 2/30 (6.67%) patients which
included hydronephrosis in one patient and ambiguous
genitalia in one patient, isolated vertebral anomaly in 5
out of 30 patient (26.67%), caudal regression syndrome in
2 out of 30 patients (6.67%), and vertebral agenesis with
tethered cord in 1 out of 30 patients (3.33%). The results
of this study do not matches with the result of a similar
study done by Balanescu®! and McHugh likely because of
limited sample size in the present study. The prevalence of
associated anomalies was most common among high type
(57.14%) followed by intermediate type and low type. The
results match with the result of the study done by Elsayed
¢t al. and Shrivastava ez al?" Gross ¢t al. stated that a postetior
sagittal approach should never be attempted without a
technically adequate high-pressure distal colostogram
to determine the exact positions of the rectum and the
fistula.” The local anatomy required for surgical planning
is more precisely delineated with MRI in comparison to
colostography/ fistulography. There is no need for the use
of intravenous contrast or local instillation of fluids into
the orifices thus making the MRI non-invasive procedure.

MRI is suited for pre-operative assessment of anorectal
malformation because of its excellent intrinsic contrast
resolution, multi-planar imaging capabilities, and lack of
ionizing radiation. Disadvantages of MRI include the need
for sedation, high cost, limited availability, and relative lack
of expertise. Since MRI examination is static (non-operator
dependent) and images can always be re-evaluated and
discussed with different physicians, MRI can produce more
consistent results. Conventional imaging techniques such
as colostography/fistulography have many disadvantages
such as operator dependence, perforation, false impression
of lower anomaly, troublesome, and radiation exposure.
MRI also demonstrated other associated anomalies which
are common cause of morbidity in patients with anorectal
malformation.
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CONCLUSION

MRI is a non-invasive and non-hazardous modality for the
pre-operative work-up of anorectal malformation. Since
an MRI examination is static (non-operator dependent),
images can always be re-evaluated and discussed with
different physicians. MRI can produce more consistent
results. In the present study, MRI proved to be a better
imaging technique than conventional imaging techniques
(colostography/fistulography) for the detection of fistula
and determination of type of fistula. It is equally sensitive
to conventional techniques for detection of type of ARM.
Bulk of the pelvic floor muscles can be evaluated with
MRI and thus the post-operative anal continence can be
predicted, which is not possible by conventional imaging
techniques (colostography/fistulography) where we predict
the anal continence on the basis of presence or absence
of sacral vertebrae. Other anomalies which are common
cause of morbidity in patients of ARM can be easily
evaluated on MRI. Thus, MR1 is a better imaging technique
than conventional imaging techniques (colostography/
fistulography) for complete pre-operative workup of
anorectal malformation.
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