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Abstract

Introduction  Although some studies proved the role of
STIR sequences in the evaluation of perianal fistulas in
Crohn’s Disease (CD), contrast medium is still injected in
many institutions since there is not a validated reference
MR protocol. Our purpose was to evaluate the role of the
STIR sequence in the detection and characterization of per-
ianal fistulae comparing it to the post-contrast T1 sequence
and correlating it with rectal examination under anesthesia.
Materials and methods We retrospectively reviewed all
clinical records of 31 CD patients, suspected of having
perianal fistulas, who had been submitted to an MR study
before and after contrast medium injection and surgical
exploration under anesthesia within the same month. Peri-
anal fistulas were classified according to the Parks’ crite-
ria. Finally, comparison between STIR and post-contrast
T1-weighted fat saturated sequences was done.

Results 29 fistulas were detected in 25 patients who
underwent an MR study. There was no significant dif-
ference between MR imaging and exploration under
anesthesia. For the detection of perianal fistulas of any
type, there was a perfect statistical agreement between
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gadolinium-enhanced and STIR
value = 1).

Conclusion STIR sequences represent a valid alternative
to the T1-weighted sequences acquired after the injection
of contrast medium, allowing the identification of the pri-
mary fistula, any secondary ramification, and complications

of the disease.

sequences  (kappa
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Introduction

Perianal fistulas are one of the most unfortunate compli-
cations of Crohn’s Disease (CD) leading to anal pain, dis-
charge and incontinence, and impairing patients’ social life.
The lifetime risk for developing a fistula in CD patients is
approximately 25-50 % [1, 2], while recto-vaginal fistulas
accounted for 9 % [3]. The development of perianal fistulas
can result in considerable morbidity and inaccurate diag-
nosis before treatment may lead to irreversible functional
consequences.

Assessment of perianal CD is still challenging. The sur-
gical examination under anesthesia (EUA) has been consid-
ered the gold standard for assessing fistulas for years and
its tested accuracy is up to 90 % [4, 5]. Fistulography [6]
and pelvic computed tomography (CT) [7, 8] are unlikely
to be sufficiently accurate.

Pelvic magnetic resonance imaging (MRI) is a highly
accurate non-invasive modality for the diagnosis and clas-
sification of perianal fistulas [9].

According to the recent European Crohn’s and Coli-
tis Organization (ECCO) guidelines [10], MRI surpassed
(EUA) in terms of accuracy and is recommended during
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the initial diagnosis of perianal CD unless there is a need
for immediate drainage of sepsis. MRI proved to be accu-
rate in the achievement of an optimal definition of the
pelvic anatomy and in the detection and classification of
superficial and deep fistulas and their relation to surround-
ing structures [11-13]. Most MRI protocols routinely use
intravenous gadolinium contrast-enhanced images for the
evaluation of perianal CD, and more recently subtraction
techniques have been used as well as dynamic imaging [7,
14].

Since 1998, STIR (Short-Tau Inversion Recovery)
sequences, which do not require contrast medium injection,
represent a proved useful tool in the classification of fistula-
in-ano and in the assessment of the anatomy of perianal fis-
tulas. However, contrast medium is still used to assess peri-
anal CD in different radiological centers as demonstrated
by many studies [15-17]. Recent guidelines reported the
usefulness of gadolinium-enhanced T1-weighted sequence
for the differentiation between fluid/pus and granulation
tissue [18].

However, the use of contrast medium involves higher
costs and possible adverse drug reactions [19, 20]; moreo-
ver, it is contraindicated in some patients.

This study was designed to determine the accuracy of
MRI using STIR and post-contrast T1-weighted FSE in
assessing suspected CD perianal fistulas relating the find-
ings of these sequences to rectal EUA.

Materials and methods
Study population

We retrospectively reviewed all clinical records of patients
with a definite diagnosis of CD followed up in our IBD
clinic (which is a tertiary referral center for gastroentero-
logical disease), from January 2010 to December 2013.

Patients were included in the study if they had a defi-
nite diagnosis of small bowel CD based on clinical, endo-
scopic and histological findings, had been submitted to pel-
vic MRI for the evaluation of perianal CD and studied with
surgical EUA within 1 month since MRI study. No patients
had undergone a previous surgical procedure for their peri-
anal CD.

Exclusion criteria were age below 18 years, preg-
nancy, contraindications to pelvic MRI (as implanted
metal devices or documented allergic reaction to contrast
medium), and renal insufficiency.

Of the 137 patients who performed pelvic MRI to evalu-
ate perianal CD from January 2010 to December 2013, just
31 (16 males, mean age 37.2 years, range 20-58 years) had
undergone surgical EUA within the same month and were
enrolled in the study.
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The study was a retrospective, double blind compari-
son of the usefulness of STIR and gadolinium-enhanced
MRI sequences in the detection of fistulas using rec-
tal EUA as the gold standard. One experienced colo-
rectal surgeon using rectal EUA as the gold standard.
Only those patients who had undergone surgical EUA
and pelvic STIR and gadolinium-enhanced MRI within
the same month were considered to ensure no changes
in fistula anatomy between the assessments of the dif-
ferent diagnostic modalities. A fistula anatomy record-
ing form, indicating the number and location of fistu-
las, abscesses and other findings, was completed by
the radiologist and the surgeon. The interpretations of
MRI studies were compared to the definitive surgical
findings.

As standard protocol of our institution, all patients were
asked to sign an informed consent to use their personal data
and every patient also had to read an informative report
about the tutelage of the personal data. Statistical analyses
were done after removing personal data according to the
law.

The present project is a retrospective study and so it is
not subject to the directive 2001/20/CE of the European
Parliament regulating the application of a good clinical
practice during clinical experimentation (Art. 1 comma 1;
Art 2/c) and so it was not necessary to require an Ethics
Committee ruling.

MRI technique

All the MRI was performed with an 1.5 Tesla super-
conducting magnet (GE Medical Systems, Milwaukee,
WI, USA) coupled with an external eight-channel pelvic
phased-array coil. The patients entered the magnet head-
first, lying supine. The pre-contrastographic sequences
were obtained in the three orthogonal imaging planes
(axial, coronal, and sagittal) using a fast-spin echo (FSE)
pulse sequence. T2-weighted fast relaxation (FR) FSE
images (repetition time [TR] 7140 ms, echo time [TE]
127.4 ms—duration 3.51 min) were acquired, without
fat saturation (FAT-SAT) pulses, in the axial plane. These
were used to define the sphincter anatomy and the fistula
location. We also acquired sagittal T2-weighted FR FSE
FAT-SAT imaging (TR 6440 ms, TE 127.4 ms—duration
2.44 min). Both sequences were used with a standard-
ized field of view (FOV) of 24 x 24 cm and a matrix of
416 x 224. T1-weighted FSE images were acquired in the
axial (TR 460 ms, TE 10.7 ms, matrix 416 x 224—dura-
tion 4.25 min) and sagittal (TR 600 ms, TE 11.9 ms, matrix
416 x 192—duration 4.4 min) planes. STIR sequences
were also obtained in the axial, coronal, and sagittal planes
(TR 4920 ms, TE 53.5 ms, inversion time [TI] 130 ms—
duration 8.42\2.38\5.30 min respectively).
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Moreover, we obtained post-contrastographic T1-weighted
FSE sagittal, axial and coronal images, with and without
fat suppression (TR 600 ms, TE 11.8 ms), after injection of
0.1 mmol/kg body weight of gadobutrol (Gadovist, Bayer,
Leverkusen, Germany).

Image analysis

The images were independently interpreted by two expe-
rienced radiologists in pelvic MRI. Both radiologists were
blinded to the results of all other imaging studies. The site
of abnormality was classified radially around a clock face,
with the patient in the lithotomy position. Fistulas were
classified according to the Parks’ criteria [16] as follows:
superficial (a), inter- (b), trans- (c), supra- (d) or extra- (e)
sphincteric. Patients were also classified as having simple
fistulas or complex perianal disease. A simple fistula was
defined as a superficial, inter-sphincteric, or low trans-
sphincteric fistula that has only one opening and is not
associated with an abscess and/or is not connected to an
adjacent structure such as the vagina or bladder. In contrast,
a complex fistula was defined as the higher one (i.e., high
trans-sphincteric, extra-sphincteric or supra-sphincteric),
has multiple openings, horseshoeing, is associated with a
perianal abscess, and/or connects to an adjacent structure
such as vagina [17]. The location of the enteric communi-
cation (i.e., the internal opening) was recorded with respect
to a clock face and its level was recorded as either anal or
rectal. A horseshoe extension was defined as any exten-
sion from the primary track that appeared to extend to
both sides of the internal opening; its presence and loca-
tion (inter-sphincteric, infralevator, supralevator) were
recorded. Moreover, the presence and anatomic location of
any abscesses were recorded as follows: superficial, inter-
sphincteric or supralevator.

Surgical EUA

One experienced colorectal surgeon evaluated the patients
and performed the EUA. Previous studies established that
an EUA alone is imperfect [4, 18, 19]. The surgeon was
blind to MRI examinations when he did his assessment.
Then, MRI results were given to the surgeon at the end of
the examination, after his assessment (while the patient was
still under anesthesia) to maximize his chance of detect-
ing fistula tracks and extensions. Setons (i.e., surgical
threads used to drain regions of infection) were placed if
appropriate.

Statistical analysis

The primary endpoint for the study was evaluating MRI
findings. The primary analyses were aimed at testing the

diagnostic performance of each modality, evaluating the
correct classification of fistulas according to the EUA. To
explore univariate associations in the distribution of cate-
gorical data, the Chi squared test or Fisher’s exact test was
used, as appropriate. A P value of less than 0.05 was con-
sidered statistically significant. For each type of fistula, the
number of true-positive, true-negative, false-positive and
false-negative diagnoses for both imaging techniques and
EUA was also assessed, so that sensitivity (95 % confidence
interval, CI) could be determined. In addition, fistula clas-
sification using STIR and gadolinium-enhanced sequences
was compared. The agreement was assessed using the
kappa statistic test with 95 % CI (a chance adjusted meas-
ure of agreement, 1.0 = perfect agreement). Analysis was
carried out using the software Statistical Analysis System
(SAS Institute, Inc., Cary, NC, USA).

Results

Considering the 31 patients enrolled in the study, fistulas
were detected in 25 patients who underwent STIR and gad-
olinium-enhanced MRI examinations (Table 1).

Eight patients had simple fistulas and 17 had complex
perianal disease. According to the Parks’ classification,
2 fistulas were superficial, 8 inter-sphincteric, 18 trans-
sphincteric and 1 was extra-sphincteric. Furthermore,
in seven cases we found a horseshoe fistula and in six
an internal opening. In six cases, MRI did not show any
lesion. Eight patients also had a total of nine abscesses
(five superficial, four supralevator) and all were correctly
identified by both STIR and gadolinium-enhanced MRI
compared to EUA (Table 1; Fig. 1). The number of fistula
tracks detected according to the different diagnostic modal-
ity is shown in Table 2.

False-positive diagnoses were made with MRI in two
patients (6.4 %) who presented with posterior perianal
pain. These patients were diagnosed with a type B fistula
based on imaging, but surgical EUA did not reveal any fis-
tula. These patients had a previous fistula that had healed
1 year before, leaving a fibrotic track. False-negative diag-
nose occurred with MRI in one patient who was diag-
nosed with having no fistula at imaging, but surgical EUA
revealed a type A fistula. MRI correctly found out the main
track type and the presence of all complex fistulas, includ-
ing the internal opening and extensions. Table 3 shows the
sensitivity of STIR, gadolinium-enhanced MRI and surgi-
cal EUA in detecting fistulas and abscesses.

Imaging was less sensitive than EUA only for the detec-
tion of superficial fistulas. There was no significant differ-
ence between MRI and EUA in the recognition of complex
fistulas, internal opening and extension. For the detec-
tion of perianal fistulas of any type, there was a perfect
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Table 1 Diagnostic yield of
magnetic resonance imaging

STIR

Gadolinium-enhanced MRI

techniques

Number of patients

Number of lesions ~ Number of patients ~ Number of lesions

Fistula type*
Superficial 2
Inter-sphincteric 6
Trans-sphincteric 16
Supra-sphincteric —
Extra-sphincteric 1
Total* 25
Horseshoes
Internal openings
Abscesses
Superficial
Supralevator
Total®

®© b O N

2 2
8 8
18 16 18
1 1 1
29 25 29
7 7 7
6 6 6
9 9 9
5 4 5
4 4 4
9 8 9

STIR Short-Tau Inversion Recovery, MRI magnetic resonance imaging

* According to the Parks’ classification

# Some patients had more than one fistula and are thus counted more than once

® One patients had more than one abscesses and is thus counted more than once

Fig. 1 Axial STIR image (a)
shows the presence of 2 min
abscesses (arrows) in the left
ischiorectal space. The same
structures are also well defined
(arrows) on the T1w post-con-
trast image (b)

statistical agreement between gadolinium-enhanced and
STIR sequences (Figs. 2; 3), with kappa values (95 % CI)
of 1. There was no statistical difference in detecting and
evaluating abscesses between imaging findings and surgery
EUA; moreover, all abscess was easily detected both using
STIR and post-contrastographic T1-weighted sequences.
The agreement between the MRI techniques and EUA
showed a kappa value (95 % CI) of 0.870 (0.735-1.0).

Discussion

Our study outlines the usefulness of MRI in recognizing
the extension of the primary anal fistulous tracts in CD
patients through STIR post-contrast sequences, proving a
comparable sensibility in their diagnosis.

@ Springer

The perianal involvement in patients with CD is quite
frequent. Anorectal complications develop in 36 % of all
patients with CD, particularly in the 25 % with only small
bowel involvement, in 67 % of patients with colonic CD
and in almost all patients with rectal involvement [9]. In
36-81 % of cases, the development of anorectal disease
may precede or occur simultaneously with ileo-cecal mani-
festation and it can be rarely identified as the only clinical
manifestation of the disease [7].

The presence of perianal disease, especially at the time
of diagnosis, is a negative prognostic factor with greater
risk of progression to surgery [l4]. Several imaging
modalities, as the Endoanal Ultrasound, fistulography, CT
and MRI, allow the visualization of perianal fistulas [6-8,
21-29]. Among these, endoanal ultrasound provides a good
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Table 2 Univariate analysis of surgical examination and magnetic
resonance imaging findings

Correctly classified condition k test
STIR/gadolinium-enhanced EUA
MRI
Fistula type (n = 30)
Superficial 2 3 1
Inter-sphincteric 8 6 0.7
Trans-sphincteric 18 18 0.7
Supra-sphincteric - - -
Extra-sphincteric 1 1 0.4
Horseshoes (n = 7) 7 7 0.7
Internal openings (n = 6) 6 6 0.7
Abscesses (n =9) 9 9 0.8

Data are given as number of lesions

STIR Short-Tau Inversion Recovery, MRI magnetic resonance imag-
ing, EUA exploration under anesthesia

Table 3 Sensitivity of magnetic resonance imaging with regard to
the fistula type

Sensitivity (95 % CI)

Fistula type

66.6 % (0.125-0.982)
100 % (0.516-1)

100 % (0.781-1)

100 % (0.054-1)

100 % (0.560-1)

100 % (0.516-1)

Superficial
Inter-sphincteric
Trans-sphincteric
Extra-sphincteric
Horseshoes

Internal openings

MRI magnetic resonance imaging, EUA exploration under anesthesia,
STIR Short-Tau Inversion Recovery

visualization of the intersphincteric plane and the perianal
and perirectal soft tissue and is used in the assessment of
patients with suspected perianal sepsis, but cannot distin-
guish areas of fibrosis from the active areas of inflamma-
tion and is inadequate for evaluation of ischioanal fossa and
supraelevator region [21, 24]. The surgical physical exami-
nation has been considered the “gold standard” (sensitivity
99.8 %) for the identification of perianal fistulas in CD for
years [7]. Actually, MRI has an increasingly important role
in the evaluation of disease activity in CD and of compli-
cated CD and is actually considered the gold standard and
recommended during the initial diagnosis of perianal CD
according to the ECCO guidelines; moreover, compared to
endoanal ultrasound it is comparable for the evaluation of
perianal fistulas and proved to be superior for discriminat-
ing between simple and complex disease compared to clini-
cal assessment and anal endosonography [10, 30-35].

MRI allows an accurate analysis of the fistulas with a
correct view of their course, their full extension, and espe-
cially the relationship between them, the anal sphincter
complex and the surrounding pelvic structures. In particu-
lar, the MRI on the axial and coronal planes allows the
identification of the connection between the fistula and the
sphincter apparatus, the levator ani muscle and the ischio-
rectal fossa; images on the sagittal plane are useful in the
evaluation of rectovesical and rectovaginal fistulas, and in
the evaluation of the presacral disease [11, 13].

According to the literature, in our MRI examinations we
used an eight-channel surface [36-38].

The most used sequence in different studies is the
T2-weighted FSE, but in others studies T1-weighted FSE
sequences before and after intravenous administration of
contrast medium are used [15-18, 36, 39, 40].

The techniques with suppression of the fat signal are
applied to both T1-weighted and T2-weighted sequences
[41].

In a recent study, Singh et al. [16] stated that the con-
trast study can be omitted, particularly while evaluating
primary/previously unoperated perianal fistulae because
the results of imaging findings on T2-weighted and post-
contrast T1-weighted fat saturated sequences were statisti-
cally similar. In our study, we focused on the role of STIR
sequences in patients with CD in the diagnosis of perianal
fistulas and in the evaluation of the extension of the inflam-
matory process in the perianal and perirectal areas, by com-
paring STIR and T1-images.

STIR sequences are usually used in the study of ana-
tomical regions where there is a substantial fat content
and are an important application of the inversion recovery
sequences [42].

The visualization of the fistulas is related to the degree
of inflammation and consequently to their content. The sig-
nal suppression of adipose tissue obtained thanks to STIR
sequences provides a good contrast between fistula and
adjacent tissues and makes easier its identification [42—44].
In the active phases of the disease, the fistula shows both
walls containing granulation tissue and fluid or mucin in its
lumen; furthermore, it presents itself as a stria or as a band
of tissue with high signal intensity, well contrasted com-
pared to muscles and surrounding fat [45]. On T1-weighted
images, acquired with fat suppression and after the use of
paramagnetic contrast agents (gadolinium and its chelates),
the walls of fistulas—containing granulation tissue—as
well as the areas of active inflammation, show intense post-
contrastographic enhancement [21, 38, 45].

The fistulas in the active phase are often surrounded by
hypointense fibrous walls, which can be relatively thin, par-
ticularly in patients with recurrent disease, or with a recent
surgical operation; however, in case of edema, the walls
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Fig. 2 Axial STIR (a) and
T1-weighted post-contrast

(b) images show that a fistula
(arrow) originates from the

left postero-lateral wall of the
anal canal (type C according

to Parks classification). The
same sequences acquired on the
coronal plane (¢ and d) allow a
better assessment of the fistula
(arrowhead) and its relationship
with the ischio-rectal fossa

Fig. 3 Axial STIR images (a)
and post-contrast T1-weighted
(b) images show the presence
of two transphincteric fistulas
(type C of Park’s) with contigu-
ous little inflammatory compo-
nent (arrows). There is a perfect
agreement between the findings
on the STIR and post-contrast
T1-weighted images

may appear hyperintense and this hyperintensity can spread
into the adjacent parenchyma.

The external anal sphincter is moderately hypointense
and its wall contrasts with the fat of the ischio-anal fossa,
both in STIR and FAT-SAT sequences. It is, therefore,
relatively easy to distinguish the presence of a fistula in it.
However, misdiagnosis due to false-positive reports can
occur in patients recently submitted to surgery because of
the high inhomogeneity of the perianal tissue (Fig. 4).

The main advantage of the MRI, as underlined by our
results, lies in how it can easily recognize the extension
of the primary fistulous tract, which is hyperintense both
on T2-weighted and STIR sequences, and shows con-
trast enhancement. It is also important to recognize the
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relationships with the levator ani muscle and the extensions
above it.

In our study, the comparison of imaging findings
between the two different types of sequences did not show
any significant difference. The findings reported with STIR
technique are similar to those disclosed using post-contras-
tographic T1-weighted images.

Indeed, the number of the fistulas and their densitomet-
ric and morphological characteristics identified in the 31
patients enrolled in our study using STIR sequences were
confirmed by T1-weighted images acquired after adminis-
tration of contrast medium.

We also compared MRI and surgical visit findings,
showing a sensitivity of the method of 92 %.



Radiol med

Z

Fig.4 Axial STIR image (a) and post-contrast T1-weighted (b)
images show the presence of active transphincteric fistulas (type C of
Park’s) in the posterior right side of the perianal tissue (arrow) that
was confirmed at EUA, and another one in the left posterior side that
was not confirmed (arrowhead)

Both techniques are effective in the diagnosis of peri-
anal fistula associated with CD, providing information on
the course and extension of the fistula and on its relation-
ship with the anal sphincter and on the presence of any
abscesses. All this information is necessary for a proper
preoperative evaluation of the patients and for the most
appropriate surgical planning [46—48].

Recent works emphasize the ability of the STIR sequence
of highlighting the presence of pus and granulation tissue
without the use of contrast medium, but stress the need to
obtain T1-weighted sequence after contrast to get anatomical
details required for classification of the fistula [11, 45, 48].

However, other studies demonstrated the possibility of
recognizing and classifying the fistula using only the STIR
sequences [25, 49], as we also demonstrated.

The limitations of the present study are as follows. First,
this study is a retrospective assessment. However, we consec-
utively enrolled every participant submitted to pelvic MRI to
evaluate perianal CD from January 2010 to December 2013,
and collected the hospitalization medical records, images
and reports as completely as possible. Second, this study was
undertaken in a single medical institution and, therefore, the
number of patients studied was limited. The limited number
of patients is not adequate for a reliable statistical analysis
and may lead to overestimated values of accuracy. Third, the
radiologists evaluated the two types of MRI sequence, and
information of the first sequence would influence interpreta-
tion of the second. However, radiologists were blinded to the
results of EUA and images of the different sequences of the
different patients were viewed randomly by the radiologists.

Conclusion

Our study showed the value of STIR sequences in the iden-
tification and classification of perianal fistulas and their

complications. The use of these sequences provided results
similar to those obtained through T1-weighted images
acquired after the administration of gadolinium contrast
agents. Therefore, STIR sequences represent a valid alter-
native to the SE T1-weighted FAT-SAT sequences acquired
after the injection of contrast medium, allowing the identi-
fication of the primary fistula, of any secondary ramifica-
tions, of abscesses, of the involvement of the anal sphincter,
the levator ani and of the ischium-anal and ischium-rectal
fissures.

The advantage of using the STIR sequences lies in the
possibility of obtaining the same diagnostic content of
T1-weighted images acquired after infusion of gadolinium,
but without the use of the latter, thus avoiding the possi-
ble adverse drug reaction and renal function impairment
related to its use. Moreover, MRI is a minimally invasive
radiation free technique that allows to obtain a lot of diag-
nostic information with the minimum “discomfort” for the
patient, with a very high sensitivity of detection of perianal
disease, as we reported in our study.
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