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Abstract

Background: Fistula in ano is one of the common anorectal disorders which have a tendency to recur specially in
complex cases usually due to missed or undetected sepsis at the time of examination or surgery. A correct
identification of the primary source of crypt infection along with a complete understanding of the anatomical
course of primary and secondary tracks and abscesses is a prerequisite for the successful management of fistula.
Preoperative evaluation of fistula in ano using radio-imaging techniques provides a handy insight of fistula anatomy
and helps in planning the appropriate treatment strategy. The objective of this article is to review the role of
different radio-imaging techniques in the diagnosis and evaluation of fistula in ano along with their advantages
and disadvantages over one another.

Main text: A comprehensive literature review was performed searching through the electronic databases as well as
the standard textbooks of colorectal surgery. X-rays (plain radiographs and contrast fistulography), computed
tomography (CT) scanning, anal endosonography, and magnetic resonance (MR) imaging are the modalities used
for preoperative imaging of fistula in ano. Due to low accuracy, X-ray fistulography is not used now for fistula
imaging. CT fistulography can be more accurate in cases associated with acute inflammations and abscesses and
the fistulas related with inflammatory bowel disease. Anal endosonography and MRI are two of the mostly used
and reliable imaging techniques for fistula in ano. Though the use of a 3D technology has improved the accuracy
of anal endosonography, MRI is the preferred choice by many. However, various reports have depicted comparable
accuracies for both MRI and anal endosonography showing both to be equally sensitive but MRI to be more
specific. 3D endoanal ultrasound, on the other hand, is more rapid and can also be used intraoperatively to provide
live imaging during surgical exploration.

Conclusion: Complex and recurrent fistula cases should undergo a preoperative imaging to reduce the chances of
recurrence. MRl is recommended as the imaging modality of choice for such cases. 3D anal endosonography may
however be a good option over MRI owing to its rapidity, availability, and potential of intraoperative assistance
during surgery.
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Background

Fistula in ano is one of the common anorectal disorders
which is defined as an abnormal track connecting the
anal canal with perineum [1]. Most of the fistulas (ap-
proximately 90% of them) are non-specific and are of
cryptoglandular origin which occurs as a result of the in-
fection of anal glands [2]. The rest of the cases are due
to a specific etiology like tuberculosis, Crohn’s disease,
ulcerative colitis, pelvic infections, radiations, carcin-
omas, and traumas to the anorectal region [3]. Apart
from this etiological classification, the anatomical classi-
fication of fistula in ano proposed by Sir Allen Parks in
1976 is by far the most followed classification which di-
vides the anal fistula into intersphincteric, transsphinc-
teric, suprasphincteric, and extrasphincteric variety [4]
(Fig. 1). However, it is a common practice to categorize
fistula in ano into simple and complex varieties which
are more practically useful in planning the management
strategy for the fistula variety presented. By definition,
simple fistulas may be classified as the low transsphinc-
teric or low intersphincteric variety that cross less than
30% of the external sphincter, has one external opening,
and has no evidence of any associated abscess or rectova-
ginal communication or anorectal strictures. The complex
fistulas are fistulas of high-type (high intersphincteric or
high transsphincteric) that cross more than 30% of the ex-
ternal sphincter with or without a high-blind track,
suprasphincteric and extrasphincteric fistulas, recurrent
fistulas, horseshoe fistulas, fistulas with multiple external
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openings, fistulas associated with abscesses, active inflam-
matory bowel disease, chronic diarrhea, rectovaginal com-
munications, anorectal strictures, preexisting fecal
incontinence, radiation, or carcinomas. In addition, owing
to the attenuated nature of anterior sphincter complex,
anterior transsphincteric fistula in females, even of low
type, is usually considered as complex [5-7]. For success-
ful management of fistula, it is quite important to delin-
eate its complete anatomy which includes the correct
identification of internal opening, the primary site of cryp-
toglandular infection, and the course of the primary track
and of secondary tracks or abscesses if any. Failure of this
may result in recurrence. In cases of simple fistulas, this
delineation is possible usually with a careful digital rectal
examination (preferably bi-digital). However, a problem
arises in cases of recurrent and complex fistula. A fistula
which seems complex on physical examination (including
digital rectal examination) should be evaluated with radio-
diagnostic techniques as per standard guidelines [8]. Over
the past decades, the radio-imaging for fistula in ano has
leapt through many phases of development with newer
modalities or improved techniques taking over the previ-
ous ones with an upper hand in one or other dimension.
The objective of this article is to review the role of differ-
ent radio-imaging techniques in the diagnosis and evalu-
ation of fistula in ano along with their advantages and
disadvantages over one another. A comprehensive litera-
ture review was performed searching through electronic
databases as well as the standard textbooks of colorectal
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surgery. X-ray fistulography, computed tomography scan-
ning, endoanal or transrectal ultrasonography, and mag-
netic resonance imaging with fistulography are the
radioimaging techniques which have been there for the
last few decades to provide assistance to the surgeons in
correct diagnosis of fistula in ano. In the forthcoming sec-
tions, an attempt has been made to review the role of differ-
ent radio-imaging techniques in the diagnosis and evaluation
of fistula in ano, particularly the complex fistula in ano.

Main text

Plain X-rays

Plain X-rays are the oldest radiological investigation
used in clinical practice. Though not very useful in fis-
tula imaging, plain X-rays of pelvic region may be help-
ful in the detection of gluteal or perianal abscesses by
depicting the gas shadows in these areas (which is other-
wise normally present in the rectum only) (Fig. 2).
Moreover, the pathological conditions like tuberculosis
and osteomyelitis of pelvic or spinal region may also be
revealed in plain radiographs [9].

X-ray fistulography

X-ray fistulography is a technique in which water-
soluble radio-opaque contrast is injected into the fistu-
lous track by cannulation of the external opening (or the
internal opening in cases of blind fistulas) using a feed-
ing tube, and radiographs are taken to visualize the fistu-
lous track [3]. However, the technique gradually lost its
diagnostic value due to a number of drawbacks. First, the
contrast is usually injected slowly due to fear of tissue dis-
ruption or efflux of contrast through the external or in-
ternal opening which may cause the failure of secondary
extensions to fill with contrast. Moreover, the extensions
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which are plugged with debris or are far from the primary
track may also fail to fill with contrast making them diffi-
cult to be imaged. Second, as the anorectal musculature is
not imaged, it becomes difficult to determine the course
or location of track or abscess, if any, in relation to the
anal sphincters or the levator ani. Third, the determin-
ation of the level of the internal opening is also often diffi-
cult due to a lack of precise landmarks. Efflux of contrast
through the internal opening into the rectum also makes
it difficult. Further, it may create a wrong impression of
the presence of an extrasphincteric track. The fourth im-
portant drawback is that fistulography is an invasive tech-
nique and may result in dissemination of sepsis [3, 10].
Cases have also been reported where the forceful injection
of contrast has caused it to enter the pelvic veins which
might lead to portal pyemia [9] (Fig. 3).

In 1974, Deshpande and colleagues from Banaras Hindu
University develop a modified form of fistulography, called
as Deshpande’s technique of double-contrast X-ray fistu-
lography wherein they used air filled in a condom balloon
placed inside the rectum as the second contrasting agent
along with metal markers at the anal verge and external
opening (Fig. 4). The benefit of this technique lies in the
fact that the fistula anatomy can be interpreted in relation
to the anal canal, rectum, anorectal junction, and other
anatomical landmarks which provide more information in
comparison to conventional X-ray fistulography described
above [8], but no definite published reports are available
about Deshpande’s technique.

Computed tomography (CT) scanning

Computed tomographic scanning is a specialized form of
radiography in which multiple X-rays of the part to be
evaluated are taken at different angles and projections,

Fig. 2 a Plain X-ray pelvis (AP view) demonstrating gas shadow on the right perianal and gluteal region (white arrow). b X-ray fistulogram
(Deshpande’s technique) of the same patient showing abscess cavity filled with radio-opaque contrast extending towards right gluteal region
(white arrow) with gas-filled in the rectum (yellow arrow)
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Fig. 3 X-ray pelvis with fistulogram (AP view) showing contrast material in the portal venous circulation (yellow arrows) due to forceful injection

and the information gathered is then reconstructed to
produce a two-dimensional grayscale image of a slice
through the body [11]. Though CT has a higher spatial and
contrast resolution as compared to X-rays, it is not much
useful in fistula imaging. It can identify the existence of fistu-
lous tracks either through non-ionic water-soluble contrast
inserted per rectum or through the external opening but it is
still not sufficient for a detailed analysis of relative fistulous
anatomy in order to classify it accurately. The reason behind
is that the CT attenuation of the sphincter muscles and the
pelvic floor musculature is similar to that of fistula itself, un-
less it has some air or contrast inside [12, 13]. Hence, CT fis-
tulography with the use of contrast media may overcome
some of the shortcomings of CT (Fig. 5). But, like X-ray fis-
tulography, the secondary tracks or even the primary also
may fail to fill with contrast if plugged with debris, thus add-
ing more to the disadvantages of CT [14]. The visualization

of tracks in relation to levator muscles is also not clear [3].
Compared with MRI, the differentiation between inactive
fibrosed tracks and active disease is also poor by CT. How-
ever, CT scanning may be useful in inflammatory bowel dis-
ease to assess the extent of rectal inflammation and in the
evaluation of acute inflammations or abscesses associated
with fistula [8, 14]. Overall, it can be said that CT is usually
limited to the diagnosis of fistula-associated pelvic or other
abscesses and in cases where MR evaluation is otherwise
contraindicated [12].

Endoanal or transrectal ultrasonography (EUS/TRUS)

Anal endosonography, also known by names EUS or
TRUS, was first described by Bartram and Law in 1989
and was the first technique to demonstrate the detailed
anatomy of anal sphincter complex [15]. It has nowadays
been widely accepted as a popular imaging modality for
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the level of the anorectal junction
.

Fig. 4 X-ray fistulogram of a semi-horseshoe fistula showing Deshpande's technique of double-contrast fistulography with malecot rubber
catheter in the anorectal canal to fill air into the rectum (yellow arrow) with a metal marker at anal verge (white arrow). Blue arrow demonstrates

evaluating the lower rectum, anal sphincters, and pelvic
floor in patients with various anorectal diseases as it pro-
vides excellent visualization of the layers of the rectal
wall and the anal anatomy [16]. Initially, EUS was not
that much satisfactory as it was expected but the recent
technological advancements in the form of three-
dimensional ultrasonography (3D EUS or 3D TRUS) and
the use of HyO, contrasts has improved its accuracy
[17]. In modern 3D EUS, the examination is usually
done by using a long, cylindrical transducer containing a
360 rotating probe of frequency range 6—16 MHz at its
anterior end (imaging head) which is supplemented with
a water-standoff system to give better images of the

rectal and perirectal anatomy. The examination is usu-
ally performed in the left lateral position, knee-chest, or
prone position [12, 16]; the authors however prefer to
do the examination in a dorsal lithotomy position. The
probe is gently introduced into the rectum through an
anal orifice and gradually withdrawn through the anal
canal till the lower end of the imaging head of the trans-
ducer lies at the anal verge and whole of the pelvic floor
and sphincter complex is in vision.

On EUS examination, the anatomy of rectum and anal
canal is visualized as areas or layers of hypo (grayish) or
hyperechogenicity (whitish). The structure of the rectum
is visible as five layers. The innermost hyperechoic line
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Fig. 5 CT fistulogram of a transsphincteric fistula in ano on the right perianal region with upper and lower arms and internal openings in both
anterior and posterior midline. a Transverse image showing lower arm of the track entering into the anal canal posteriorly (yellow arrow) with
contrast in the rectum (blue arrow). b Coronal image showing upper arm of the track entering into the anal canal anteriorly
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represents the interface of the balloon (which contains
water) and the mucosal surface of the rectal wall
followed by the inner hypoechoic layer representing the
mucosa and muscularis mucosae and a slightly thicker
hyperechoic submucosal layer, then the outer hypoe-
choic layer representing the muscularis propria followed
by the outermost hyperechoic layer which represents the
perirectal fatty tissue. The EUS anatomy of the anal
canal is usually described at three levels: upper, middle,
and lower anal canal. The middle anal canal is character-
ized by the presence of a hypoechoic ring encircling the
anal canal like a band which represents the internal anal
sphincter lying outside to the hyperechoic submucosa
(Fig. 6). The external sphincter lies outside to this band
of internal sphincter as a broad hyperechoic region [16],
which some scholars have referred to as of mixed echo-
genicity [12]. The thickness and echogenicity of the in-
ternal sphincter increase with age [18, 19]. In the lower
anal canal, the hypoechoic band of the internal anal
sphincter terminates and the hyperechoic subcutaneous
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external anal sphincter is present outside the submucosa.
The upper anal canal is characterized by the presence of
puborectalis muscle which appears as a U-shaped echo-
genic band (or a horse-shoe shaped sling) [16] (Fig. 7). The
intersphincteric space and the longitudinal muscle lie in be-
tween the sphincters and are of mixed echogenicity [12].
Fistula tracks may appear of variable echogenicity on
TRUS examination depending on the internal compos-
ition or stage of inflammation. While an active fistula
track may contain fluid-like material, inactive tracks are
usually tubular, fibrotic bands without fluid content.
Usually, anal fistulas appear as hypoechoic tracks on
TRUS examination while the abscesses may also contain
hyperechoic debris or air bubbles [16]. TRUS is particu-
larly well suited for the identification of internal opening
as it is usually present at the probe surface. Ideally, the
internal opening may be seen as a breach in the sube-
pithelial layer of the anal canal (Fig. 8); however, it may
not be so in all cases as the internal opening may be
plugged with debris in some cases and the track

-

Type 1202)

Fig. 6 3D TRUS image of intersphincteric fistula (hypoechoic area marked by the yellow arrow) at mid anal canal level. Red arrow demonstrates
the hypoechoic internal sphincter ring (imaging performed with BK medical 3D Endoanal USG transducer Type 2052 with Flex focus scanner
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Fig. 7 3D TRUS image of a transsphincteric fistula (marked by yellow arrows) at the upper anal canal level. a Hypoechoic area before H,0,
instillation. b Hyperechoic shadow after H,0, instillation. Red arrows demonstrate the puborectalis sling

extending up to the mucosal layer may not always be
seen on endosonography. In those cases, the location of
the internal opening may be revealed as a hypoechoic
focus in the intersphincteric space with a small corre-
sponding defect in the internal sphincter. The inter-
sphincteric fistulas are very well visualized on TRUS as
the hypoechoic collections limited to the intersphincteric
region (Figs. 6 and 9) while the transsphincteric tracks
are seen as hypoechoic fluid collections extending
through the external sphincter region into the ischiorec-
tal fossae [12] (Figs. 7, 8, 10, 11, and 12). The 3D endo-
sonography gives an excellent view of the fistula tracks
with image reconstructions in all relevant planes like
axial, coronal, sagittal, and oblique. This has made it eas-
ier to differentiate between low transsphincteric, high
transsphincteric, or suprasphincteric tracks by depicting
the level at which the track crosses the external sphinc-
ter [17]. While the extrasphincteric hypoechoic tracks
are found to be lying outside the external sphincter, the
intersphincteric fistulas lie medial to external sphincter
as hypoechoic cords or collections contained within the
intersphincteric space when viewed in coronal or sagittal
images depending upon the location of the track.
Despite all these merits, TRUS has got some specific
disadvantages also which may affect its accuracy and re-
sults in the diagnosis of fistula in ano. First is that it is
highly operator dependent, and so, the artifacts may also
be mistaken as tracks by some and not by others. Next
is its limited field of view beyond the region of the exter-
nal sphincter, particularly at high frequencies, which

mabkes it difficult to follow the whole course transsphinc-
teric or suprasphincteric fistulas. Another important dis-
advantage is its inability to differentiate between the
areas of fibrosis and infection, which is particularly im-
portant in cases of recurrent fistulas, as both appear
hyperechoic on endosonography. The use of H,O, con-
trast injections to demonstrate the patent tracks has its
advantages in such cases, but again, it may fail to fill an
active track which is otherwise plugged with debris.
Moreover, the gas formed within the tracks due to the
use of H,O, may cause acoustic shadows which may be
mistaken as extensions [12, 16].

Magnetic resonance imaging (MRI)

MRI is an imaging modality that uses non-ionizing mag-
netic radiation to create useful diagnostic images.
Though the first use of MR imaging in the evaluation of
fistula was done by Koelbel et al. in 1989 in cases of
Crohn’s diseases [20], the first dedicated study demon-
strating the potential of MR imaging in the evaluation of
fistula in ano was published in 1992 where Lunniss et al.
showed an accuracy of 88% (14 out of 16) when com-
pared to surgical exploration [21]. During subsequent
years, MR imaging evolved as the imaging modality of
choice for fistula in ano due to its superior contrast
resolution and ability to display the perineum and pelvic
anatomy in orthogonal axes, thus allowing good demon-
stration of anatomy and pathology of the tracks [22].
MR imaging has seen a lot of technical advances since
its inception, whether it is in the strength of magnetic
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a breach in the continuity of the epithelial layer at mid anal canal level

Fig. 8 H,0,-enhanced 3D TRUS images of transsphincteric fistula with bilateral intersphincteric extension with two internal openings. a Red
arrow demonstrates the secondary internal opening as a breach in the continuity of the epithelial layer of the rectum at the posterolateral wall b
and c¢. The course of track shown as a hyperechoic shadow d. The red arrow demonstrates the primary internal opening inside the anal canal as

field (1 Tesla, 1.5 Tesla, 3 Tesla) or in the field of MR
coils (body coil, surface coils, or the most recently
employed endoluminal coils) or MR sequences (spin-
echo sequences, inversion sequences, contrast-enhanced
sequences, etc.). The choice of all these preferably de-
pends upon availability, in addition to personal prefer-
ences, patient group studied, or the clinical question in
demand [12]. Various studies have demonstrated the ad-
vantages or disadvantages of one technique over the
other. Though T1-weighted (T1W), T2-weighted (T2W),
fat suppression, and contrast-enhanced images usually
constitute a general spectrum of image sequences for fis-
tula in ano, the use of diffusion-weighted (DW) imaging
and subtraction MR fistulography have also been recom-
mended recently to aid in diagnosis [23, 24]. The images
are usually taken in oblique transverse and coronal
planes aligned orthogonal and parallel to anal sphincters
respectively, in the mid-sagittal line.

In general, fluid, muscles, and fat have low, intermedi-
ate, and high signal intensity, respectively, on low TR/
TE (T1W) images, while on high TR/TE (T2W) images,
the fluid appears hyperintense with the other structures
showing same intensity pattern [25]. The sphincters, the
conjoint longitudinal muscle, and the levator ani com-
plex show medium level soft tissue intensity pattern
against the contrast provided by the interposed fat, and
the fat and fascia in the adjacent ischioanal and ischior-
ectal fossae. However, the internal sphincter (being com-
posed of smooth muscles) appears relatively
hyperintense than the external sphincters and puborec-
talis (which are composed of striated muscle fibers) on
all sequences [26]. On fat-suppressed sequences, the
soft-tissue contrast between all these structures is sig-
nificantly reduced offering an advantage towards the
visualization of pathology at the cost of normal anatom-
ical structures (Fig. 13) [12, 19, 27-30].
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Fig. 9 3D TRUS image of a blind intersphincteric fistula (hypoechoic area marked by yellow arrows) at the upper anal canal level

Fig. 10 3D TRUS image of transsphincteric fistula with secondary extensions into bilateral intersphincteric plane (hypoechoic area marked by
yellow arrows) at the upper anal canal level. a Axial view. b Section showing the involvement of the right levator plate with edema (red arrow)
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Fig. 11 3D TRUS image of transsphincteric fistula with left ischiorectal abscess (hypoechoic area marked by yellow arrows) at the level of junction
of the mid- and upper anal canal

Fig. 12 Section of 3D TRUS image of transsphincteric fistula (yellow arrows) with supralevator extension (red arrows) through the right
intersphincteric plane. Blue dotted line marks the level of the anorectal junction and the blue arrows mark the levator plate
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Fig. 13 MR Pelvis FS T2W. a-c Axial and d coronal image of a complex fistula showing transsphincteric track with gluteal abscess (yellow arrows)

J

The MR imaging features of the fistulous track depend
upon their activity status and chronicity and varies on dif-
ferent sequences. The fat in ischioanal and ischiorectal
fossae appears hyperintense on all sequences and enables
accurate visualization of the surrounding anatomical
structures like the sphincter muscles and levator ani. The
visualization of fistulous track or abscesses however may
remain ambiguous on low TR/TE sequences due to the
signal intensity matching that of the anatomical structures
and mandate sequences with either high or balanced TR/
TE values. On high TR/TE sequences, the active fistulous
tracks having inflammatory fluid, pus or granulation tis-
sue, and associated abscesses may have a hyperintense sig-
nal against the sphincters and levator plate (Fig. 14a, b).
As the track becomes chronic, the increasing fibrosis in
the wall of the track causes a progressive reduction in the
signal intensity on all sequences. The thickness of this fi-
brous layer is proportional to the duration of disease and
is more in the recurrent fistula. On the other hand, perile-
sional inflammation in an active (even if chronic) track
(viz. surrounding the track) makes the whole complex ap-
pear brighter on high TR/TE images due to the presence
of vasogenic edema and cellular infiltrates. Fat-suppressed
sequences are obtained both with T2 weighting and with
T1 weighting after administration of intravenous gadolin-
ium, latter usually being a three-dimensional acquisition.

In these sequences, the tracks appear hyperintense against
the hypointense fat (being suppressed) and iso-intense
muscles (sphincters and levator ani) (Figs. 15 and 16). The
fibrous wall of the track and granulation tissue described
above shows enhancement on contrast-enhanced images,
while the fluid (or pus) within the track does not enhance,
thus making a differentiation between an active and a
healing track possible. Similarly, the abscesses display low
intensity in the center (due to pus) with peripheral ring
enhancement [12, 30-32]. Chronic fibrotic tracks with the
increased degree of fibrosis and the scar tissue appear
hypointense on both T1W and T2W images but show de-
layed enhancement with intravenous gadolinium [31].
Based on the contrast-enhancement of inflamed fi-
brous walls of the track, Schaefer et al. proposed a new
MRI protocol including 3D contrast-enhanced, high-
resolution fast low-angle shot (FLASH) sequence in the
axial plane, and digital image subtraction. Fat-saturated
T1W gradient-echo sequences were obtained in the axial
plane before and after intravenous administration of
contrast agent, and fat subtraction of unenhanced from
contrast-enhanced sequences was performed. Because of
the 3D data set, multiplanar reconstructions could be
performed, thus generating an image similar to fistulo-
graphy. The protocol was therefore termed as subtrac-
tion MR fistulography [24]. Further studies on this
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Fig. 14 MR pelvis images of a transsphincteric fistula with bilateral intersphincteric extension. a, b T2W axial, ¢, d FS T2W axial, and e, f FS T2W
coronal images showing the course of track and extension (yellow arrows)

protocol revealed significant differences in signal inten-
sities between fistula and adjacent anatomical structures
(sphincter, etc.), thus allowing better identification of
presence, location, and extent of fistulas [33, 34].
Contrast-enhanced imaging has therefore become an
important protocol in the diagnosis of fistula-in-ano as it
helps in differentiating the disease activity and adds to the
diagnostic value. However, an increase in cost and, more
importantly, the contraindication for the use in cases with
impaired renal functions have prompted to avoid the use
of intravenous contrast [23]. DW imaging has therefore
been proposed as an important alternative, owing to the
fact that inflammatory lesions can be seen as high signal
areas on DW imaging. The fistulous tracks appear hyper-
intense while the background signal is significantly sup-
pressed on DW images; thus, the presence and extent of
fistula can be detected clearly [23, 35]. Studies have con-
cluded that the conspicuity of fistulous tracks is better on

DW-MRI than T2W images, thus increasing the sensitiv-
ity for its detection [23, 35, 36]. Moreover, DW-MRI has
also been shown useful in depicting the disease activity in
the fistula and in differentiating between an associated ab-
scess and inflammatory mass using apparent diffusion co-
efficient (ADC) values [36, 37]. However, poor spatial
resolution in DW images limits its ability to evaluate the
course of fistulous track in relation to adjacent structures.
Therefore, it has been recommended to be a part of the
investigation protocol as an adjunct to T2W images in
cases where the use of contrast is either avoided or contra-
indicated [23, 35, 36].

In addition to these, another technical advancement in
the form of three-dimensional (3D) T2W sequences has
also been proposed recently to further improve the diag-
nostic efficiency [31]. Using 3D-T2W sequences, a single
3D sequence can provide data for post-processing refor-
mation of images into any desired plane (axial, coronal,
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Fig. 15 MR pelvis images of a transsphincteric fistula. a—¢ FS T1W axial.
the level of internal opening (red arrows)

d-f FS T2W axial images showing the course of track (yellow arrows) and

and sagittal), thus reducing the imaging time. Other ad-
vantages include no operator dependency in acquiring
images in obliquity, the ability to cover large volumes
and acquisition of thinner sections without intersection
gaps. In comparison to two-dimensional sequences, the
quality of the image and the lesion-detection abilities are
also not compromised [31, 38].

For the classification of fistula, its relation with respect
to the sphincter complex as well as the depiction of the
location of internal opening is necessary. The extent of
the primary track, whether limited within the inter-
sphincteric space (intersphincteric fistula) or crossing
the external sphincter is usually appreciated in trans-
verse images while the infralevator or supralevator
course of track, is usually seen in the coronal images as

the levator plate is best depicted in the coronal plane
[12]. Sagittal images are suitable for the demonstration
of rectovaginal fistulae and the pre-sacral region [13].
Track visualized in the ischiorectal fossa may be trans-
sphincteric, suprasphincteric, or extrasphincteric fistula.
Transsphincteric fistulas crossing the external sphincters
can be easily demonstrated on transverse or coronal im-
ages (Fig. 17). The fistulous tracks penetrating the pelvic
floor above the level of puborectalis may either be
suprasphincteric or extrasphincteric; the differentiation
being made by the level of the internal opening being
rectal in extrasphincteric and anal in suprasphincteric
cases. Both these are appreciated well on coronal images
as the pelvic floor, and the level of internal opening is
best appreciated on coronal images. The radial site of
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high signal intensity

Fig. 16 MR pelvis images of the case depicted in Fig. 8. a—d FS T1W DE3D axial images. e—f FS T2W coronal images (TR/TE:5050/36). The red
arrow demonstrates the level of internal opening in the lateral wall of the rectum while the yellow arrows demonstrate the course of track as

the internal opening is however usually demonstrated in
the transverse plane. It is often difficult to define the exact
location of internal opening as the track is usually not trace-
able up to the mucosa. The site is therefore predicted ac-
cording to the area of maximal intersphincteric sepsis as the
likelihood of internal opening being close to this area is usu-
ally more [12]. Apart from accurately defining the course of
the primary track and the level of internal opening, MRI of-
fers an important advantage of demonstrating secondary ex-
tensions which, if missed, may cause the disease to recur.
The extensions display hyperintensity on T2W and STIR im-
ages and will enhance after the use of intravenous contrast.
These may be present on ipsilateral or contralateral sides or
may present as horseshoe extensions in intersphincteric,
ischiorectal, or supralevator spaces [12, 39]. Based on MRI
features, an MR imaging classification of fistula in ano is pro-
posed by St. James University Hospital classifying the fistula
in ano into grades 1 to 5 [Table 1].

Discussion

Recurrence is a common problem with fistula manage-
ment, specially in recurrent and complex fistulas, which
is usually due to missed or undetected infection at the
time of surgery [12]. Over the years, preoperative im-
aging of fistula in ano has become a routine practice to
help the surgeons understand the fistula anatomy and
planning the appropriate management accordingly so
that the chances of recurrence may be reduced. Plain X-
rays are rarely used in anal fistula imaging nowadays and
so is the case with X-ray fistulography. The accuracy of
X-ray fistulography in identifying the internal opening
and extensions has been found to be as low as 16% with
false-positive rate of 10% [40] and hence is not consid-
ered reliable in correctly diagnosing fistula in ano. How-
ever, in certain cases like in extrasphincteric fistulas or
in fistulas resulting due to inflammatory bowel disease,
fistulography has been useful in demonstrating the
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Fig. 17 MR Pelvis FS T2W. a, b Coronal images and ¢, d axial images of a complex transsphincteric fistula with intersphincteric horseshoe
extension (marked by yellow arrows) and inflammation in adjacent ischioanal fat

J

intestinal communication of fistula [8]. Modified X-ray
fistulography, on the other hand, has been found to be
more useful than the conventional one. Though there
are no published reports on Deshpande’s technique, but
in a study comparing the accuracy of anal endosonogra-
phy with that of modified fistulography, a similar tech-
nique was adopted using Foley’s catheter into the
rectum and metal ring close to the anus to serve as the
marker. Modified fistulography was able to identify

internal openings in 74.2% cases, secondary tracks in
91.8% cases, and abscesses in 87.8% cases compared to
79%, 98%, and 92.9% accuracy of anal endosonography,
respectively [41]. Apart from some of the studies, most
of them have suggested that fistulography has a limited
role in fistula imaging and is not in routine practice. As
mentioned earlier, CT is also not much useful in depict-
ing the relative anatomy of fistulous tracks due to its
poor tissue resolution in comparison to MRI but the use

Table 1 St. James's University Hospital MR imaging classification of fistula in ano [30]

Grades Description

0 Normal appearance on MR imaging

1 Simple linear intersphincteric fistula

2 Intersphincteric fistula with intersphincteric abscess or secondary fistulous track

3 Transsphincteric fistula

4 Transsphincteric fistula with abscess or secondary track within the ischiorectal fossa
5 Supralevator and translevator disease
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of CT fistulography with multidetector CT units having
the capability of isotropic voxels and multiplanar imaging
has shown good results. Soker et al. (2016) compared the
efficacy of MRI with CT fistulography using 16-channel
multidetector CT unit in 41 patients and reported the ac-
curacy of 68.2%, 73.1%, and 85.3% when compared with
surgical findings for the location of the internal opening,
classification of the primary track, and presence of sec-
ondary extensions with MRI showing the respective accur-
acies to be 85.3%, 92.7%, and 87.8% [42]. Thus, it can be
recommended that thin slice spiral CT imaging with fistu-
lography may be referred for assessment of fistula anat-
omy in cases where MRI is not available or not accessible
owing to its cost or is contraindicated [8].

Anal endosonography is a rapid, non- or minimal in-
vasive imaging technique which provides high-resolution
images of the anal canal and the adjacent structures and
thus may provide the detailed fistula anatomy with re-
spect to the sphincter complex, levator plates, and asso-
ciated potential spaces. Various studies have revealed the
diagnostic accuracy of anal endosonography to be 63—
94% for primary tracks and 93% for locating the internal
opening [32]. 3D technology has improved the diagnos-
tic accuracy of endosonography over 2D imaging as the
accuracies for primary tracks, secondary tracks, and in-
ternal openings have improved from 89.4%, 83.3%, and
87.9% for 2D imaging to 98.5%, 98.5%, and 96.4%, re-
spectively, for 3D technique [43]. Some studies have also
evaluated transperineal ultrasonography (TPUS) in the
diagnosis of perianal fistula and compared it with EUS
or TRUS. While Maconi et al. showed that TPUS has a
positive predictive value of 86.5% and sensitivity of
84.9% when compared to EUS in a correct classification
and detection of fistula-in-ano [44], Domkundwar and
Shinagare reported positive predictive values of 90% and
85% and sensitivities of 100% and 96% for detection of
fistula tracks and the internal opening, respectively [45].
Compared to surgical findings, Zbar et al. showed that
the sensitivity of TPUS was the same as that of EUS for
detection of transsphincteric and extrasphincteric fistula
(100%), more in the detection of internal opening (90%
vs 85%) and lower than EUS in the detection of associ-
ated abscesses (63.6% vs 81.8%) [46]. Moreover, a recent
meta-analysis on TPUS for perianal fistulas and ab-
scesses has shown the pooled sensitivities of 98%, 91%,
86%, and 92% in the detection of tracks, internal open-
ings, abscesses, and classification of fistula, respectively
[47]. Based on these studies, TPUS is regarded as a sim-
ple, cheap, non-invasive, portable, and rapid tool with
comparable accuracy to EUS or MRI for diagnosis of
perianal fistulas and abscess and hence is recommended
as the first-line imaging tool for primary screening of
cases, especially in settings where EUS or MRI are not
available or are contraindicated like anal stenosis,
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claustrophobia, and metal implants [44—47]. In addition,
the complementary use of TPUS may also help in over-
coming the limitation of the limited field of vision with
EUS [48]. However, in comparison with TPUS, anal endo-
sonography offers the advantage of imaging in a more sur-
gically relevant plane with better differentiation between
sphincters and other structures and the added capability
of reconstruction of images in desirable planes when the
3D technique is used; this is probably the reason that
TPUS is still not a recommended imaging modality by au-
thoritative organizations for anal fistulas [7, 49].

MRI is usually considered more accurate than TRUS
in the evaluation of anal fistulas and has been recom-
mended as the imaging modality of choice for complex
and recurrent fistulas [8]. The accuracies reported for
body coil imaging for primary and secondary tracks have
been as high as 88% and 91%, respectively [21, 50, 51],
while the accuracy for endoanal coil, which offers better
spatial resolution, rose to 93% for primary track classifi-
cation [32]. However, MR imaging with endoanal coil
has got some specific disadvantages of limited availabil-
ity, limited field of view in addition to patient’s discom-
fort which may lead to suboptimal imaging due to
patient’s movement. It is also difficult to be placed in
cases of stenosis and pain [12, 32]. External surface
phased-array coils are a good alternative with high reso-
lution than body coils and a greater field of view than
endoluminal coils. However, various studies comparing
the imaging with these coils have found varying results
like endoluminal coil found superior in one study and
body coil or external coil in other studies [12]. deSouza
et al. (1998) while comparing the endoluminal coil to ex-
ternal phased-array coils found endoluminal coils to be
superior for internal opening and primary track but ex-
ternal coil to be better for secondary tracks [52]. In a re-
cent study with phased-array surface coil MRI,
accuracies for the primary track, secondary track, and
internal openings have been reported to be 94.2%,
98.5%, and 98.9%, respectively. The sensitivity and speci-
ficity for abscesses were 100%. A simultaneous compari-
son of T2W TSE (turbo spin echo) and post-contrast
T1W TSE sequences revealed the latter to be more sen-
sitive but the former to be more specific for internal
opening and secondary tracks [53]. In another prospect-
ive study, apart from showing a high sensitivity and spe-
cificity for diagnosing fistula track (98.6% and 99.7%)
and identification of internal opening (97.7% and 98.6%),
MRI also added significant information in 46.7% cases
regarding parameters of complexity, thus establishing its
role as an important pre-operative imaging tool for
fistula-in-ano [54]. Emerging technical advances in se-
quences like DW imaging and subtraction MR fistulo-
graphy have also offered great promises to aid in
diagnosis. DW MRI has shown high sensitivity and
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specificity in the detection of fistula and abscesses [36].
Studies by Hori et al. and Cavusoglu et al. have shown
statistically significant improvement in diagnostic accur-
acy, sensitivity, specificity, and predictive values of T2W
MRI in combination with DW imaging, thereby estab-
lishing its added value in the diagnosis of fistula-in-ano
[23, 35]. Similarly, Schaefer et al. have shown that the de-
piction of fistula in relation to surrounding structures is
better on digital subtraction MR fistulography [34]. A
comparison of anal endosonography with MR imaging in
anal fistula evaluation has also led to varying results. In
some studies, MR imaging has been found to be superior
to anal endosonography [55, 56] while in others, results of
EUS proved to be slightly better than MRI [57]. The
meta-analysis done by Siddiqui et al. (2012) to assess the
diagnostic accuracy of anal endosonography and MRI
found both to be equally sensitive (87%) for assessment of
perianal fistula; however, the specificity was more for MRI
(69%) than EUS (43%) though both values were poor [58].
In totality, the general consensus considers MRI as super-
ior to EUS, but EUS has got one important advantage of
its direct use in intraoperative settings to directly assist
surgical exploration which is not possible with MRI.

Conclusion

Complex and recurrent fistula in ano should undergo a pre-
operative imaging for a better understanding of the nature
and course of the disease to reduce the chances of recur-
rence. The selection of imaging modality depends upon
multiple factors like the characteristic of the disease and
the patient, the advantage of one modality over other, sur-
geon’s preference, cost and availability of the modality, and
the expertise of the examiner. The use of radiography and
CT scanning is no longer preferred unless in certain cir-
cumstances. Though MRI is the recommended choice for
imaging fistula in ano, 3D EUS is an emerging modality
which has shown comparable results and may be preferred
owing to its rapidity and easier availability than MRL
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