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Abstract Objective: To prospectively evaluate the diagnostic accuracy of triplanar 2D magnetic
resonance (MR) images versus the post processing reconstructed MR images generated from a
single 3D VISTA sequence in children with anorectal malformations compared with the operative
findings as the Golden standard.
Materials and methods: This study had institutional review board approval, and informed consent
was obtained from all participants. There were 20 patients with anorectal anomalies age range
(2 months—3.5 years), referred from the pediatric surgery unit for preoperative MRI. The 2D
sequences included Coronal TSE T2 WI parallel to the plane of the anal canal as seen on the sagittal
images, and Axial TSE T2 WI oblique, perpendicular to the coronal plane. Sagittal T2 weighted
3D-sequence; volumetric isotropic turbo spin echo acquisition (VISTA) was taken parallel to the
mid-sagittal plane.
Results: Comparing the two MR imagining protocols the acquisition time of the sagittal 3D
sequence (6 min 42 s) was shorter than the total acquisition time of the 2D sequences (10 min
12 s) without jeopardizing the image quality or accuracy of the diagnostic information. MRI
depicted the fistula in 94% (16 out of 17) of patients who were clinically proven fistulous, which
is a privilege to detect associated anomalies on the same examination. The frequency of associated
anomalies was 100% in high anorectal malformations (ARMs), 64% in intermediate and only 20%
in low ARMs. From these associated anomalies vertebral anomalies were seen in 50% of patients.
Concomitant cord anomalies were encountered in 60% of those with vertebral anomalies the most
common of which was tethered cord observed in 35% of the patients.
Conclusion: MRI is a valuable diagnostic tool to diagnose type and level of ARM in addition to the
privilege of associated anomalies detection on the same examination. The 3D sequence acquisition
with multiplanar reconstruction has the advantage of time saving without compromise on image
quality or the diagnostic accuracy compared to 2D images.
© 2016 The Egyptian Society of Radiology and Nuclear Medicine. Production and hosting by Elsevier.
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1. Introduction

Anorectal malformations (ARMs) comprise a wide spectrum
of diseases that involve the distal anus, rectum as well as the
urinary and genital tracts. The reported incidence is approxi-
mately 1/5000 live birth. The anomalies range from minor
types that are easily treated with an excellent functional prog-
nosis to those that are complex and difficult to manage, and
have a poor functional prognosis (1).

ARMs are usually categorized according to the level of the
rectal pouch relative to the levator ani muscles, and are thus
described as high, intermediate, or low lesions. Most ARMs
are of the communicating type, in which the enteric component
issues into the urinary or genital tract or to the perineum. Less
commonly the rectum ends blindly. A rare complex of anoma-
lies, exclusively found in phenotypic girls, is the cloacal malfor-
mation, in which the urinary, genital, and intestinal tracts
converge into a common cavity, i.e., the cloaca (2).

ARMs are frequently associated with other anomalies, par-
ticularly of the spinal cord, spine, and urogenital system, as
reflected in the acronyms VACTERL (Vertebral anomalies,
anal atresia, cardiac malformations, tracheo-esophageal fis-
tula, renal anomalies, and limb anomalies) (2).

Magnetic resonance imaging (MRI) has proven to be of
considerable value in evaluating patients with ARMs, espe-
cially because of its multiplanar imaging capability and superb
tissue characterization. MRI allows accurate definition of the
level and type of ARMSs, type of fistula, and developmental
state of the sphincter muscle complex. An additional advan-
tage of MRI over other imaging modalities is its ability to
determine associated anomalies, especially of the spinal cord,
spine and the urogenital system (3).

Multiplanar reformatting (MPR) technique is one of the
latest techniques in the post processing technologies. A 3D
Turbo Spin Echo (TSE) sequence such as (FSE-XETA, T2-
SPACE, and VISTA) can serve as a source data for post-
processing reconstruction of images into any desired plane.
Therefore a single 3D sequence with post processing recon-
struction of images in the axial, coronal, and sagittal planes
can potentially replace 2D sequences in those three planes,
decreasing the number of sequences performed from three to
one (4).

Table 1 Wingspread international classification (6).

Table 2 Pena classification (7).

Male defects Female defects

e Perineal fistula

e Vestibular fistula

e Imperforate anus with no
fistula

o Perineal fistula

e Rectourethral bulbar fistula

e Rectourethral prostatic fistula
e Rectovesical (bladder neck)

fistula e Rectal atresia and stenosis
e Imperforate anus without e Persistent cloaca
fistula <3 cm common channel

e Rectal atresia and stenosis >3 c¢cm common channel

Fig. 1

Rectovestibular fistula in females (8).

2. Materials and methods

2.1. Patients

The study group consisted of 20 patients with anorectal
anomalies age range (2 months—3.5 years). All patients were
referred to the Radiology department from the pediatric sur-
gery unit between November 2013 and August 2014. These

Male

Female
High
Intermediate e Rectovaginal fistula
e Rectovestibular fistula
e Anal agenesis without Fistula
Low e Anovestibular fistula
e Anocutaneous fistula
e Anal stenosis
Cloaca Cloaca

Rare Rare malformations

e Anorectal agenesis— Rectovesical fistula
— Rectoprostatic fistula

— No fistula
e Rectal atresia

o Rectobulbar fistula
e Anal agenesis without fistula

e Anocutaneous fistula
e Anal stenosis

Rare malformations
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Fig. 2

Rectourethral fistula (9).

Fig. 3 Rectovesicle fistula (9).

patients were scheduled for anorectoplasty and MRI was per-
formed pre-operatively.

The study was approved by our institution’s review board,
and informed consent was obtained from all participants.

2.2. Magnetic resonance imaging

MR imaging was performed using Intera 1.5 T MRI scanner
(Philips medical systems, Best, the Netherlands). Head coil
(C1) was used for infants (<1 year old) and body phased-
array coil (SENSE-XL-TORSO) for older children. No oral
or intravenous contrast agent was administrated.

2.2.1. 2D MR imaging sequences

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
three orthogonal planes by using T2-weighted Turbo Spin-Echo

Fig. 4  Persistent cloaca (9).

Table 3 Different pathological types of anorectal anomalies
by conventional imaging.

No. of patients Pathology

3 (15%) Cloaca

2 (10%) Rectourethral fistula

4 (20%) Anteriorly displaced anus (ADA)
11(55%) Vestibular fistula

(T2W TSE) sequences (repetition time msec/echo time msec,
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, 3.12 min for each sequence).

In the coronal and axial section orientation was parallel
and perpendicular to the plane of the anal canal (5).

In addition, 2D sagittal and coronal T2W TSE (repetition
time msec/echo time msec, 5000/132; field of view, 170-220;
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Table 4 MRI findings in 20 patients with ARM.

Case no. Age/gender Level of ARM Type of ARM EAS bulk Associated congenital anomalies
1 8 mo M High Rectoprostatic fistula Fair — Isolated coccygeal agenesis
— Tethered cord with filum lipoma
2 7 mo M Intermediate Rectobulbar fistula Good Cardiac (diagnosed by Echocardiography)
3 8§ mo F Intermediate Rectovaginal fistula Fair — Hydronephrosis and hydroureter
— Isolated partial coccygeal agenesis
4 9mo F Intermediate Rectovestibular fistula Good Isolated partial coccygeal agenesis
5 7 mo F Intermediate Rectovestibular fistula Good — Left renal agenesis
— Tethered cord
— Isolated partial coccygeal agenesis
6 9mo F Intermediate Rectovestibular fistula Good Isolated partial coccygeal agenesis
7 1 year F Intermediate Rectovestibular fistula Fair _
8 7 mo F Intermediate Rectovestibular fistula Good _
9 8 mo F Intermediate Rectovestibular fistula Good _
10 11 mo F Intermediate Rectovestibular fistula Good _
11 9 mo F Intermediate Rectovestibular fistula Fair Isolated partial coccygeal agenesis
12 Smo F Intermediate Rectovestibular fistula Fair — Tethered cord
— Isolated partial coccygeal agenesis
13 Smo F Low Anovestibular fistula Fair — Tethered cord
— Partial sacral agenesis
14 8 mo Low Anovestibular fistula Good _
15 2mo F Low ADA Good _
16 Smo F Low ADA Good _
17 7.5 mo F Low ADA Good _
18 2.3 year F Cloaca Type 111 Fair — Hemivertebra L4 with lumbar scoliosis
— Hemisacralized L5
— Partial sacra agenesis
— Tethered cord with
filum lipoma
— Duplicated uterus, cervix and vagina
19 3.5year F Cloaca Type 11 Poor — Fused L4-L5 vertebral bodies (block vertebra)
— Partial sacral agenesis
— Hydronephrosis and hydroureter
20 11 mo F Cloaca Type I Good Tethered cord

section thickness, Smm; gap, 2mm; number of signals
acquired, 2; flip angle, 90°; matrix, 512 x 512) was acquired
for detection and diagnosis of associated congenital anomalies.
In these sequences the large field of view was used to cover the
lower border of the liver.

2.2.2. 3D MR imaging sequences

3D MR images were acquired in the sagittal plane using T2
weighted; volumetric isotropic turbo spin echo acquisition
(VISTA) taken parallel to the mid sagittal plane (TE,
275 ms; TR, 1500 ms; field of view, 170-220; section thickness,
1 mm; gap, 0 mm; flip angle, 90°; matrix, 512 x 512, acquisi-
tion time 6.42 min).

2.3. Data analysis

The MR imaging data sets were assessed by a radiologist (R.F.
E.S., with 15 years of experience interpreting pelvic floor MR
images). The radiologist was aware of each patient’s clinical
history and diagnosis.

Multi-planar Reconstruction (MPR) of the sagittal VISTA
MR images was reconstructed on a graphic workstation (PHI-
LIPS workstation) to generate reformatted images in the axial,
coronal, and sagittal planes with slice thickness, inter-slice gap

and orientations identical to those of the 2D TSE MR images.
Each reformatted image was compared side by side with the
corresponding 2D TSE image. All measurements were
obtained with software (Dicom Works, version 1.3.5; http://di-
com.online.fr/).

Analysis of the MR images was based on scrutiny of the
following criteria:

1. Location of bowel termination and its type based on Wing-
spread classification 1984 (Table 1) in relation to the
following:

e PCL (pubo-coccygeal line; extending from the upper
border of the os pubis to the os coccyx corresponds wit-
h the attachment of levator ani muscle to the pelvic wall,
separating high-type malformations lying above the
levator muscle and intermediate and low forms of ano-
rectal agenesis lying below this anatomic line) (6).

e I-plane (ischeal plane; passing through the lowest point of
the ischial tuberosity, represents the deepest point of the
funnel of the levator ani muscles, separating intermedi-
ate type malformations from low type above and below
this line) (6).

2. The presence of fistula and its type based on Pena classifi-
cation (Table 2) (7).
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60%
M incidence

50%

40%

30% 1

20% 8

10% 1

0%

intermediate high cloaca

Fig. 5 Chart showing the incidence rate of ARM according to
their level.

Fig. 6 Axial TSE T2 WI (A) at the PC-plane, the rectal pouch
(R) is seen. (B) At the I-plane, EAS is normally developed (arrow).
Rectum is not seen, indicating intermediate ARM. P = pubic
body, ¢ = coccyx.

The most common anomaly in females is rectovestibular fis-
tula (Fig. 1). In this defect, the bowel opens immediately
behind the hymen in the vestibule of the genital system. Imme-
diately above the fistula, the rectum and vagina are separated
by a thin, common wall (8).

The most frequent variant seen in males is rectourethral
fistula (Fig. 2). The fistula is located at or near the bulbar
region of the urethra or near the prostatic urethra.
Immediately superior, the rectum and urethra share a common
wall (9).

Fig. 7 Axial TSE T2 WI showing the rectum (arrow) and the
persistent urogenital sinus (arrowhead). Puborectalis muscle
(small arrow) is seen as well.

Fig. 8 Axial TSE T2 WI showing the anus anterior to the
superficial transverse perineal muscle (arrow). The orifice of the
persistent urogenital sinus is seen ventral to the anus.

Rectovesical fistula: in this higher level defect, the rectum
opens at the bladder neck (Fig. 3) (9).

Persistent cloaca: this malformation involves fusion of the
rectum, vagina, and urethra together to form a common chan-
nel (Fig. 4) (9).

Anterior displaced anus (ADA) is a common malformation
which is a forme fruste [mild, incomplete or atypical form] of
imperforate anus (10). It is a normal appearing anal orifice,
located in an abnormally anterior position, with an anal canal
of normal caliber, which is surrounded 360° by the EAS (11).
In girls, the posterior fourchette of the vagina (or scrotal-per-
ineal junction in boys) could be used as a reference point (12).

3. The degree of development of the sphincter muscle complex
in the coronal and axial planes.

e The muscle bulk was graded as good if its thickness was
within the average.

e Fair if the muscle was clearly identified but thin.

e Poor if the muscle complex was not identified.

4. Other associated anomalies involving the vertebrae, spinal
cord and/or the genitourinary system anomalies.

Many of these associated anomalies are serious, and the
long-term prognosis of children with anorectal malformations
is often more dependent on the extent of these associated
anomalies than on the anorectal malformation itself.
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Fig. 9

(A) Sagittal TSE T2 WI shows the rectovaginal fistula (long arrow). Urethra is seen as a separate tract (short arrow). (B) The

corresponding sagittally reconstructed image from the 3D sequence image.

Fig. 10

(A) 2D-TSE sagittal T2 WI and (B) the 3D-VISTAT2 WI in sagittal plane, both showing the entrance of the rectum into the

urogenital sinus (arrow) and the short common channel (2.15 cm) indicating type II cloaca.

They are twice as common with high, as opposed to low,
anorectal malformations. Spinal cord, spine, and urogenital sys-
tem are the most commonly involved whereas esophageal atresia
and congenital heart disease are also frequently encountered (2).

3. Results

On clinical examination the most common ARM was vestibu-
lar fistula 11 (55 %). The 20 patients with anorectal anomalies

included in this study were diagnosed clinically and by conven-
tional imaging into the following pathological types (Table 3).

The level of ARM and bowel termination in relation to the
pelvic diaphragm was correctly diagnosed in all patients with
MRI when compared to operative data (Table 4 and Fig. 5).

In one patient, conventional imaging was inaccurate in
determining the ARMS level, and distal loopogram of this
patient showed the rectal pouch above the PC plane while
MRI defined its location below the PC plane making the diag-
nosis of intermediate ARMS (Fig. 6).
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Fig. 11 Axial TSE T2 WI at the PC-plane shows the poorly
developed EAS (arrow).

Fig. 12 Axial TSE T2 WI (A) at PC-plane, the rectal pouch (R)
is seen. No fistulous tract between prostatic urethra and rectum.

Type of ARMS: preoperative MRI helped also in accurately
determining the type of ARMS. Patient no. 2 was diagnosed
clinically as ADA while her MRI study revealed the presence
of a persistent urogenital sinus along with the ADA, making
the diagnosis of type I cloaca (Figs. 7 and 8).

Patient no. 4 was for surgery as case of cloaca; however,
visualization of a separate urethral tract by MRI made the
diagnosis to be changed into rectovaginal fistula. The MR
diagnosis was confirmed operatively (Fig. 9).

In patients with cloaca MRI accurately located the position
of union of the rectum with urogenital sinus in relation to PC

Fig. 14  Axial image reconstructed from the 3D data set image
showing the rectobulbar fistula with similar quality as in the 2D
TSE acquired images.

Fig. 15 Axial TSE T2 WI at the PC-plane shows the poorly
developed EAS (arrow).

line which accurately determined the type of cloaca either long
channel or short channel (Figs. 10 and 11).

Fistula: Patient no. 6 was said to have recto-prostatic
urethra fistula, based on his preoperative distal loopogram.
However his MRI revealed rectobulbar fistulous tract, which
was confirmed operatively (Figs. 12—14).

The anal sphincter muscle complex (SMC) was directly
visualized with MRI, and assessment of its bulk, which reflects
its developmental state, was evaluated in axial and coronal
planes (Figs. 15 and 16).

Fig. 13
(arrow).

(A) and (B) Axial TSE T2 WI showing the recto-bulbar uretheral fistula as linear tract lined by the hyperintense rectal mucosa
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Fig. 16 Axial TSE T2 WI (B) at I-plane, shows the EAS is of
average bulk.

Evaluation of the associated congenital anomalies revealed
12 out of the 20 patients (60%) having other anomalies involv-
ing the spine, spinal cord, urogenital system and CVS. Details
of these associated anomalies are summarized in Table 5,
Figs. 17 and 18.

Out of the 20 patients 2 (10%) had genital anomalies and
both were patients with persistent cloaca. Patient with short
channel cloaca had a longitudinal septum in the proximal
vagina. Patient with long cloaca had duplication of the vagina,
cervix and uterus (Figs. 19 and 20).

3.1. Multi-planar Reconstruction (M PR) of the sagittal VISTA
versus 2D MR images

In comparison with the reconstructed images from the 3D data
set images and the acquired 2D images, there were no differ-
ences as regards image quality and accuracy of the diagnostic
information obtained (Fig. 10). Both types of images agreed as
regards the diagnosis of the ARMs levels and types, detection

Table 5 Summary of associated congenital anomalies.

100%
90%
80%
70%
60%
50%
40%

H incidence of associated
Cogenital anomalies

30%

20%

10%

0%

High Intermediate Low Cloaca

Fig. 17  Chart showing incidence of associated anomalies among
different groups of ARMS.

50%
45%
40%
35%
30%
25% |
20%
15%
10%

5%

0% -

Hincidence

Vertebrae Cord

Renal Genital Cardiac

Fig. 18 Chart showing incidence of associated anomalies
according to the organ/system involved.

of fistulae, assessment of sphincter muscle bulk and detection
of the associated congenital anomalies.

The acquisition time for the sagittal 3D TSE sequence was
6min 42s (£35s). The overall acquisition time of the 2D

System involved Anomaly No. of cases ARM level
Vertebral column Isolated partial coccygeal agenesis 7 1 high
6 intermediate
Partial sacral agenesis with missing coccygeal segment 3 1 high
1 intermediate
1 low
L4 hemi-vertebra 1 Cloaca
Hemi-sacralized L5
Block vertebra (fused L4 and L5) 1 Cloaca
Spinal cord Tethered cord with filum terminal lipoma in 2 cases 6 2 high
3 intermediate
1 low
Distal cord agenesis 1 Low
Distal cord agenesis 1 Low
Urologic Unilateral renal agenesis 1 Intermediate
Hydro-nephrosis and ureter 2 Intermediate
Genital Duplicated uterus, cervix and vagina 1 Cloaca
Vaginal septum 1 Cloaca
CVS VSD 1 Intermediate
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sequences was 10 min, 12 s (£49 s). Our results show that the
acquisition time of the 3D VISTA sequence is notably shorter
than that of the 2D sequences collectively.

4. Discussion

Accurate evaluation of patients with anorectal anomalies
involves correct assessment of the level and type of malforma-

Fig. 19 Coronal TSE T2 WI shows a longitudinal septum in the
proximal vagina (arrow).

tion, the existence of fistula, the developmental state of the
sphincter muscle complex, and the presence of associated
anomalies. This information is essential in planning initial
management, as well as predicting morbidity, quality of life
and prognosis of survival (2).

In this study we performed preoperative MRI assessment
for 20 patients ranging in age from 2 months to 3.5 years.
We acquired triplanar 2D MRI series and reconstructed
corresponding series from 3D data set images, and compared
their results against the patient’s operative data. To our
knowledge few studies in the literature had investigated the
role of preoperative MRI in evaluating patients with anorectal
malformation (13-15,2).

We found that MRI was more accurate than conventional
imaging in determination of the type and level of aneorectal
anomaly in the preoperative patients. MRI also accurately
depicted the fistula in 94% (16 out of 17) patients who had
clinically proven fistulae. Similar results were found in the
study conducted by (14.2).

The inaccuracy in the clinical and conventional imaging
diagnoses may be attributed to difficulty of perineal inspection
in infant patients, and to some technical faults that might
occur while doing the distal loopogram and cloacogram. The
recommended high pressure technique used in the distal
loopogram to enhance visualization of recto-urogenital fistula
may cause distension and descent of the rectal pouch, leading
to a false impression of a lower anomaly. In contrast, doing the
examination with an inadequately prepared rectum gives a
false impression of higher level anomaly (2).

Regarding the anal musculature, MRI allowed direct
visualization of sphincter muscle complex in multiple planes
facilitating accurate evaluation of its bulk size and location.
This agrees with (13,15,2).

It is well known that additional congenital anomalies are
often present in patients with anorectal anomalies, and it is

Fig. 20

(A) Coronal TSE T2 WI and (B) axial TSE T2 WI showing duplication of the vagina, cervix and uterine cavity. A well developed

uterus on the left (black arrow) and rudimentary one on the right (arrow head), hydrocolpos (white arrow) may indicate the presence of a

transverse vaginal septum.
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these coexisting anomalies that account for the high morbidity
and mortality associated with this condition (16). We found
that MRI was able, on the same examination to detect associ-
ated anomalies especially of the spinal cord, and urogenital
system. This coincides with Nievelstein et al. (2).

High type ARMS are more frequently associated with other
congenital anomalies than low type lesions (16,17). This was
the observation in our study, where the frequency of associated
anomalies was 100% in high ARMS, 64% in intermediate and
20% in low ARMS.

Vertebral anomalies were seen in 50% of the patients
included in our study. The presence of concomitant cord
anomalies was encountered in 60% of those with spinal
anomalies. Same figures of incidence rate were reported by
Nievelstein et al. (2) in his study.

The reported prevalence of spinal cord abnormalities in
patients with ARMS varies between 10%, 50% and more
(18,19). The most common associated spinal dysraphic anom-
aly is the tethered cord. It was observed in approximately
35% of children with ARMS in the study by (20-22). We
got comparable results in our study, with prevalence of spinal
cord anomalies of 35% and the tethered cord being the most
commonly encountered anomaly with a prevalence rate of
30%.

Genitourinary anomalies were found in 25% of the
patients, which is close to the results of previous reviews that
report incidences from 30% to 40% (23,24).

In this study we investigated the difference between the
2D images acquired in different planes and the post-
processing reconstructions generated from a single 3D
VISTA sequence data set. Our results showed that the acqui-
sition time of the sagittal 3D sequence (6 min 42 s) is notably
shorter than the total acquisition time of the required 2D
sequences. Otherwise, there was no significant difference
between the 3D and 2D images in regard to image quality
and accuracy of the diagnostic information obtained. Unfor-
tunately, no similar studies on the pediatric age group, nei-
ther on patients with ARMS were found. However, Proscia
et al. (4) have done a similar study on the pelvic region in
women. He has investigated the role of 2D versus 3D MR
images in diagnosis of different female pelvis pathologies
and his result was comparable to ours.

Therefore the post-processing generation of multiplanar
reconstructions from 3D data set can potentially replace 2D
sequences in different planes, decreasing the examination time
without compromise on image quality or accuracy. This
is considered to be crucial importance in the pediatric
age group, since they need to be sedated during the
examination.

Limitations of our study included the use of sedation and
apparent high cost of MRI relative to conventional
investigations.

In conclusion, MRI is a valuable diagnostic imaging modal-
ity in identifying the multiple aspects of ARMS. It has more
accurate results to conventional investigations in preoperative
patients.

The 3D sequence acquisition with multiplanar reconstruc-
tion generation is a promising tool for imaging. As compared
to the 2D images acquired in various planes, it has the privilege
of time saving without compromise on image quality or the

diagnostic information obtained, and the versatility of
reconstructing images in any orientation.
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