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Abstract

misclassified (2.3%).

post-contrast images.

Background: Perianal fistulas are a common inflammatory condition of the anal canal and perianal tissue. The
introduction of MRI in the evaluation of suspected perianal inflammation has greatly improved the surgical
outcome of these patients as it allowed the direct visualization of anal sphincters, levator ani muscle, and the
extent of the disease in relation to these vital structures. Diffusion-weighted imaging (DWI) has been under
extensive research to evaluate whether it adds any value in the setting of perianal inflammation.

The aim of our study was to evaluate the visibility of perianal inflammation on DWI and evaluate the diffusion
characteristics of perianal fistulas and abscesses and how accurately can DWI classify perianal disease.

Results: Mean age of patients was 37 + 89 years old. The study included 30 fistulas and 15 abscesses. Seven
patients had more than 1 fistula or fistula and abscess. Perianal abscesses were well visualized equally on DWI and
T2W images and correctly classified by DWI, when compared to post-contrast images. Perianal fistulas without
abscesses, on the other hand, had variable visibility scores. Although the visibility of these fistulas on DWI was
generally less than T2W and combined DWI and T2W, yet this did not reach a significant level and it was not
significantly different between positive and negative inflammatory groups. Combined DWI and T2W evaluation had
the highest performance and accurately classified 97.8 % of perianal fistulas and abscesses, and only 1 case was

Conclusion: DWI had a good performance in the evaluation of perianal inflammatory disease. However, combined
DWI and T2W evaluation had better performance which was not significantly different from combined T2W and
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Background

Perianal fistulas represent a common inflammatory con-
dition of the anal canal and perianal tissues. Most of
these fistulas occur due to idiopathic inflammation of
the cryptogenic glands in the anal mucosa. Less com-
mon causes include Crohn’s disease, child birth-related
trauma, or radiotherapy. The advent of MRI has offered
a major help to these patients as it allowed the direct
visualization of the fistulous tract, its site in relation to
the anal sphincters, and the extent of the fistula—and its
abscess—in relation to the anal sphincters and levator
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ani muscle. This has further improved the surgical out-
come for these patients.

Diffusion-weighted imaging (DWI) has been studied
by several researchers to evaluate whether it adds any
value to other MRI sequences in the evaluation of peri-
anal inflammation. Some authors have suggested that
DWI is more sensitive than T2W sequence regarding
the visibility of the fistula [1]. Others suggested that re-
stricted diffusion indicated activity of the fistula, and
some even suggested that it represents a good alternative
for post-contrast imaging in case gadolinium cannot be
used [2, 3]. However, these studies are still few, and the
applicability of DWI in the imaging of perianal fistulas is
still questionable.
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Aim of the study: to compare the visibility of perianal
fistulas and abscesses using T2W, DWI, and combined
DWTI and T2W. The St. James’s University Hospital clas-
sification of perianal fistulas based on DWI and com-
bined DWI and T2W evaluation was also compared to
this classification based on combined T2W and post-
contrast T1W images.

Methods

Patients’ selection

This prospective study included 38 patients with a total
of 45 cryptogenic perianal fistulas and abscesses. These
patients presented to the surgery clinic during the time
period from August 2018 to August 2019. These patients
were then referred for MRI evaluation if a perianal fis-
tula is suspected. Inclusion criteria: Any patient with
suspected perianal fistula or abscess, eGFR > 60 ml/min/
1.73 m?, and no contra-indication to IV gadolinium con-
trast or to MRIL Exclusion criteria: Patients with other
types or perianal fistulas, any contra-indication to gado-
linium contrast or MRI, e.g., claustrophobia. Patients
with perianal abscesses who refused surgery—despite be-
ing indicated—were also excluded from the study to
avoid causing bias to the ADC analysis.

The decision of surgery was based solely on clinical and
laboratory evaluation, which included the following cri-
teria: severe pain or restriction of daily activity, restriction
of sexual activity, reddish edematous skin, pus discharge,
and increased serum C-reactive protein (CRP) levels (> 5
mg/L). Fistulas which were confirmed to show pus at sur-
gery were considered to be active, whereas fistulas which
did not reveal pus, did not require surgery, or were associ-
ated with normal CRP levels were considered non-active.
Patients were classified according to the activity of fistulas
into Positive Inflammatory Activity (PIA) and Negative In-
flammatory Activity (NIA) groups [2, 4].

MR imaging

All patients were imaged on a 1.5-T Philips Achieva ma-
chine (Philips Healthcare, Best, the Netherlands). The
body coil (dStream Torso coil) was used. Imaging se-
quences included T1W, T2W, fat suppressed T1W and
T2W, STIR as well as post-contrast T1W sequences in 3
orthogonal planes. The axial plane was used for evalu-
ation. DWI was added to the study with the following
criteria: axial, TR/TE = 6400/100 ms; slice thickness = 5
mm; interslice gap = 0.5 mm; number of slices = 24;
matrix size = 188 x 192, with reconstruction to 256 x
256; FOV = 385 mm x 385 mm; NEX = 4; and b values
of 100, 300, and 600 s/mm?. For the T2W sequence, the
acquisition parameters were as follows: axial, TR/TE =
3840/90 ms; slice thickness = 5 mm; interslice gap = 0.6
mm; matrix size = 320 x 220; and FOV = 380 x 240
mm. For post-contrast fat suppressed T1W-SPIR, the
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acquisition parameters were as follows: Axial, TR/TE =
570/8 ms; slice thickness = 5mm; interslice gap = 0.6
mm; matrix size = 320 x 220; FOV = 380 x 385 mm.

Image analysis

The perianal fistula was evaluated on T2W, DWI and
post-contrast fat-suppressed T1W sequences as per its
visualization and extent. Both authors (LM, 16 years of
experience: NO, 26 years of experience) evaluated all pa-
tients in consensus. T2W and DWI images were evalu-
ated separately 2 weeks apart; then, both sequences were
simultaneously evaluated after 2 more weeks, to avoid
recall bias. Only the DWI images with b value of 600 s/
mm? were used for visibility comparison. The visibility
of fistulas was graded on a 3-point scale from 0 to 2, as
follows: 0 = no evident fistula, 1 = probably fistula, and
2 = distinct fistula. Scores of 1 and 2 were indicative of
fistula presence (Fig. 1) [4]. ADC values were recorded
from the corresponding ADC maps. A small ROI was
placed within the area of abnormality—on the slice
where it is best visualized—and the minimum ADC
value was recorded.

To evaluate the performance of DWI in grading the
perianal inflammation, the extent of the perianal fistula/
abscess was determined on DWI, combined T2W and
DWT and combined T2W and post-contrast images, sep-
arately [5]. The fistula was then graded according to St.
James’s University Hospital classification using each of
the DWI, combined T2W and DWI, and combined
T2W and post-contrast images, separately [6]. The com-
bined T2W and post-contrast images were used as the
reference for grading the perianal fistula/abscess [7]. In
cases of perianal abscess with non-visualization of the
related fistula, the same steps were followed; minimum
ADC value was recorded from the abscess core, and the
grade was determined using DWI, combined T2W and
DWI, and combined T2W and post-contrast images.

Statistical analysis

Statistical analyses were performed using SPSS software
(version 21.0; SPSS Inc., Chicago, IL, USA). Numerical
data, e.g., age and ADC value, is represented as mean *
standard deviation, while non-parametric data is repre-
sented as percentage. The visibility scores on each of the
DWI and the T2W images were compared to those on
the combined T2W and DWI image evaluation using
chi-square test. The same visibility scores (DWI images
alone, T2W images alone, and combined T2W and DWI
image evaluation) were compared between PIA and NIA
groups, also using chi-square test. All perianal abscesses
belonged to the PIA group and were well visualized on
both sequences, so they were excluded from the 2 later
analyses. Independent sample T test was used to com-
pare between ADC values of perianal fistulas between
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Fig. 1 Exemplary images for the image evaluation in each of T2W and DWI images. a Score 2 in both T2W and DWI as the fistula is well
visualized in both images. b Score 2 in T2W and score 1 in DWI, as the fistula was well visualized in T2W and suboptimally visualized in DWI
(yellow arrows). Another fistula was scored 2 in both images (red arrow). C) Score 0 in both T2W and DWI as no fistula could be seen in either
images. This T2W image (C) is only a representative image from another patient, without perianal fistula

PIA and NIA groups. Perianal abscesses were also ex-
cluded from this analysis because they all belonged to
the PIA group. ADC values were correlated to the
CRP level and leucocytic count using Pearson’s bivari-
ate correlation test. Finally, the grading of the peri-
anal fistula/abscess (St. James’s University Hospital
grading system) on DWI and combined DWI and
T2W was compared to the combined T2W and post-
contrast evaluation and between PIA and NIA groups
using Wilcoxon signed rank test. Significance level is
considered if p < 0.05.

Results

Demographic analysis

The study included 38 patients, 35 were males and 3
were females. Mean age was 37 + 8.9 years old with a
range of 24—60 years of age.

The total number of cryptogenic perianal fistulas and
abscess was 45. These included 30 fistulas and 15 ab-
scesses. Seven patients had more than 1 fistula or fistula
and abscess. The sites of these fistulas/abscesses were
inter-sphincteric (n = 25, 55.6 %), trans-sphincteric (n =
11, 24.4 %), and extra-sphincteric (n = 9, 20 %).
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Table 1 Demographic features of PIA and NIA groups

PIA NIA Significance
level
Age 384 + 10 years 35 + 6.6 years 0.2
Gender 17 males, 1 female 18 males, 2 females  0.55
St. James's Grade 1: 6 Grade 1: 15 0.015
Hgisﬁtrgiltygrade Grade 2: 4 Grade 2: 0
Grade 3: 1 Grade 3: 3
Grade 4: 5 Grade 4: 0
Grade 5: 4 Grade 5: 2

Extra-sphincteric: 2 Extra-sphincteric: 3

According to St. James’s University Hospital classifica-
tion, there were 21 grade 1 fistulas, 4 grade 2 abscesses,
4 grade 3 fistulas, 5 grade 4 abscesses, and 6 grade 5 fis-
tulas and abscesses. Five extra-sphincteric fistulas/ab-
scesses were recorded. Extra-sphincteric fistulas that
reached to the level of the levator ani muscle were con-
sidered grade 5 fistulas (n = 4) (Table 1).

DWI and T2 visibility of perianal fistulas

In perianal fistulas (n = 30), 15 fistulas (50%) were well visu-
alized (score 2) on DWI, in comparison to 20 fistulas
(66.7%) well visualized on T2W. Fifteen fistulas were either
not visualized (score 0, n = 5) or poorly visualized (score 1,
n = 10) on DWI. In comparison, 9 fistulas were poorly visu-
alized (score 1) on T2W and only 1 was not visualized
(score 0). The visibility scores on T2W were not significantly
different from that of DWI (p = 0.14) and both of them were
less than the visibility scores of the combined DWI and
T2W evaluation, although not significant. This is shown in
Table 2. All perianal abscesses were well visualized on both
sequences, with the same size, location, and extension.

The visibility scores of perianal fistulas on DWI were
not significantly different between PIA and NIA
groups (p = 0.78). Similarly, these scores on T2W did
not show any significant variation between PIA and
NIA groups (p = 0.49). This is shown in Table 3.

ADC values and activity
The ADC values for perianal fistulas was 1.39 + 0.4 x 107
mm?/s, while for abscesses, it was 0.8 + 0.66 x 100~ mm?/s,

Table 2 Visibility scores for perianal fistulas between T2W, DWI,
and combined T2W and DWI

Visibility score for ~ T2W ~ DWI ~ Combined T2W  Significance level
perianal fistulas and DWI

Score 2 20 15 29 0.08-0.26

Score 1 9 10 1

Score 0 1 5 0
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Table 3 Visibility scores for each sequence between PIA and

NIA groups
PIA(n=7) NIA (n=23) pvalue
DWI visibility scores Score2 3 12 0.74
Score 1 3 7
Score 0 1 4
T2W visibility scores Score2 6 14 0.53
Score 11 8
Score0 0 1
Combined DWI and T2W  Score 2 7 22 0.75

visibility scores

with significant difference between both entities (p = 0.001).
This is displayed in Fig. 2.

There was no significant difference between PIA and
NIA groups regarding the ADC value of perianal fistulas
(PIA 1.3 + 0.5 x 10> mm?/s and NIA 143 + 0.4 x 1073
mm?/s, p = 0.45). This is displayed in Fig. 3. ADC values
did not reveal any significant correlation to the CRP
level (p = 0.38) or leucocytic counts (p = 0.59).

Grading of perianal fistulas

Using the St. James’s University Hospital classification, 38
fistulas and abscesses were correctly classified by DWI
alone (84.4%), whereas 6 cases (13.3%) could not be classi-
fied due to poor or non-visualization and 1 case (2.2%)
was misclassified. Two of these cases belonged to the PIA
group (28.6% of the PIA group and 4.4% of the entire sam-
ple) and 5 cases belonged to the NIA group. The DWI-
based grading was significantly less than the combined
T2W and post-contrast images in the classification of
perianal fistulas and abscesses (p = 0.023) when testing
the entire sample. However, for the PIA group only, DWI
was not significantly different from combined T2W and
post-contrast images (p = 0.66).

On the other hand, 44 perianal fistulas and abscesses
were correctly classified using combined T2W and DWI
evaluation (97.8%). The only case, which could not be well
visualized on both sequences, belonged to the NIA group.
The grading of perianal fistula/abscess using combined
T2W and DWI evaluation was not significantly different
from that using combined T2W and post-contrast images
when testing the entire sample (p = 0.32) or when testing
the PIA group separately (p = 1) (Figs. 4, 5, and 6).

Discussion

MR imaging of suspected perianal inflammatory path-
ologies is an established method for diagnosis and defin-
ing the extent of this inflammation. The standard MRI
sequences used for those patients include basic anatom-
ical sequences with pre- and post-contrast images. The
principle role of MRI in the setting of perianal fistulas is
to define the extension of the tract, side branches, and
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Fig. 4 Extra-sphincteric perianal abscess grade 4. a DWI trace image showing an inter-sphincteric abscess (red arrow) that extends through the
external sphincter at 2 o'clock to form a collection in the left anal fossa (yellow arrow). b ADC map revealing the markedly low ADC value of the
abscess core (red arrow). ¢ T2W and d post-contrast TTW-SPIR images confirming the same extent of the abscess

MULTI COIL
NEX:4

Fig. 5 Inter-sphincteric perianal fistulas grade 1. Two fistulas are seen at 3 o'clock and 10 o'clock (red arrows). a DWI trace image clearly showing
the left sided fistula and poorly showing the right sided fistula. b ADC map revealing increased ADC value of both fistulas. € T2W image clearly
showing both fistulas and absence of any abscesses. d Post-contrast TIW-SPIR confirms the findings of combined T2W and DWI
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Fig. 6 The only case misclassified by DWI. a DWI trace image showing an inter-sphincteric fistula at 12 o'clock. b ADC map revealing a tiny
lumen for the fistula with low ADC value (0.9 x 10> mm?/s). ¢ T2W image revealing similar findings as DWI. d Post-contrast T1W revealing this
was a small abscess. This patient had low CRP and did not have any surgery (NIA group)
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whether there are any deep abscesses, especially at
supra-levator level. Post-contrast sequences are an es-
sential component of this study to better reveal hidden
extension, branching tracts, and suspected abscesses. Ac-
tive granulation tissue in the edges of the fistula en-
hances diffusely, while its lumen does not. Inflammation
that surrounds the fistulous tract also enhances diffusely
[8, 9]. An abscess gives the characteristic ring enhance-
ment which confirms its diagnosis and outlines its ex-
tent. Few authors tried to correlate the enhancement of
the fistula to its activity [8—14]. One author suggested
that rapid and maximum enhancement during dynamic
MRI scanning correlated well to the disease activity.
However, the applicability of this dynamic imaging is
limited by the poor spatial coverage (to improve the
temporal resolution) which limits the evaluation of the
extent of inflammation [15].

DWI is recently being studied by some researchers to
compare its performance in visualizing and grading peri-
anal fistulas and abscesses. Extra-cranially, oncologic ap-
plications of DWTI are the most common. However, the
evaluation of abscesses is a very important application
for DWI, owing to the maximum contrast between the
abscess cavity and the surrounding inflammation on the
DWI image [1-4, 16—19].

Some authors suggested that DWI was more sensitive
than T2W sequence in the visibility of perianal fistulas.
Dohan suggested that DWI had a sensitivity of 100% in
detecting perianal fistulas, whereas T2W had a sensitivity

of 91.2 % [1]. Other authors suggested that the visibility of
perianal fistulas was significantly higher with combined
DWI and T2W than with T2W alone [3, 4, 7]. In our
study, we were unable to reproduce the former results. In
our sample of patients, DWI was equally effective as T2W
sequence in visualizing perianal fistulas and abscesses (p =
0.14), although DWT has detected less number of fistulas
than T2W in all visibility grades. But we did agree with
Cavusoglu et al., Hori et al., and Bakan et al. that the visi-
bility of perianal fistulas was higher using combined DW1I
and T2W evaluation, where we detected 96.7 % of perianal
fistulas [3, 4, 7]. Only 1 fistula could not be visualized on
both DWI and T2W; this was visualized on post-contrast
images, and this patient had a grade 1 perianal fistula with
normal CRP; the patient was in the NIA group and did
not require surgery. Visibility of perianal fistulas on DWI
images was not significantly different for PIA and NIA
groups. Perianal abscesses, on the other hand, were
equally well visualized on both sequences.

Perianal fistulas generally had higher ADC values than
perianal abscesses. The average ADC value for perianal
fistulas was 1.39 + 0.4 x 10> mm?/s. For perianal ab-
scesses, the average ADC value was 0.8 + 0.66 x 107>
mm?/s. This comes in agreement with other authors,
reflecting the viscid nature of the abscess core, which is
not seen in fistulous tracts [1, 2].

The ADC of perianal fistulas did not show any correl-
ation to the disease activity as determined by CRP and
leucocytic count (p = 0.38 and p = 0.59, respectively). It
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also did not vary between PIA and NIA groups (p = 0.45).
This came in contradiction to some authors who sug-
gested that ADC values were lower in PIA patients [2].
The reason for the contradiction between our results and
Yoshizako et al. may be related to the method of ADC
measurement, where in their study, they used a free ROI
that encompassed the entire lesion and calculated the
mean ADC value, whereas in our study, we used a small
ROI within the center of the lesion and calculated the
minimum ADC value [2]. It was also postulated by some
authors that small abscesses or pus collection may give an
artifactual high ADC value than large abscesses which is
probably related to the difficult positioning of the ROI in
small abscesses [20]. This was noted in one of our pa-
tients, where she had a small abscess with ADC value of
0.9 x 107> mm?/s. Another explanation for the overlap of
ADC values of PIA and NIA groups may be related to the
different concentrations of inflammatory cells in small
and large abscesses, different immune response of the pa-
tient, and age of the abscess; all of these factors influence
the viscosity of the pus and accordingly alter the ADC
value [2, 20, 21]. Some authors suggested that there was a
significant difference between ADC values of PIA and
NIA groups in cases of fistulas associated with abscess,
but not for fistulas without abscesses. However, in their
study, the authors used a large ROI that encompassed a
large area of the lesion, so the viscid nature of the abscess
probably dominated the ADC measurement, rather than
the fistula itself [4]. In our study, all perianal abscesses
belonged to the PIA group and the ADC of abscesses were
significantly lower than that of perianal fistulas without
abscesses, which comes in agreement with Bakan et al. [4].

Using the St. James’s University Hospital classification,
DWTI accurately classified 84.4% of the perianal fistulas
and abscesses. Only 1 case (2.2%) was misclassified by
DWI alone; this patient had a very small collection with
high ADC value, so it was considered grade 1 on DWI
images, while on post-contrast images, it was considered
grade 2. DWI alone was significantly less than post-
contrast images in the accurate classification of perianal
disease, mainly in the NIA group, but not in the PIA
group, who are more likely to have surgeries. Using
combined DWI and T2W evaluation, 97.8% of the peri-
anal fistulas and abscesses were accurately classified and
this was not significantly different between PIA and NIA
groups. Our results agree with the results of Cavusoglu
et al., where he states that the combined DWI and T2W
evaluation had a high diagnostic performance that is not
significantly different from the combined T2W and
post-contrast images evaluation [7].

Conclusion
In our study, we concluded that DWI alone was not su-
perior to T2W regarding the visibility of perianal fistulas
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and abscesses. Although T2W evaluation detected
higher number of fistulas, yet this did not reach signifi-
cant levels, when compared to DWI. The best perform-
ance was for combined DWI and T2W evaluation,
although it was not significantly higher than either se-
quence alone. We believe that DWT is better used as
part of the entire MRI study, i.e., it should not replace
T2W sequence.

We were able to confirm that DWI may be used as an
alternative for post-contrast images, especially in pa-
tients with perianal abscesses. DWI could accurately de-
termine the extent of the abscess. On the other hand, in
patients with perianal fistulas without abscesses, we be-
lieve that DWI could not be reliably used to replace
post-contrast sequences. In contrast, it may be used with
other basic sequences, to enhance visibility of poorly vis-
ible fistulas. Using DWI and T2W sequences, 97.8 %
were accurately seen and classified. And this applies to
both inflammatory activity groups. Although, in our
study, only 1 case was misclassified (2.2 % of cases), yet,
this case belonged to the NIA group of patients, who are
unlikely to have surgeries, and thus no change of their
proposed management. We do still need a larger scale
study to confirm the percentage of error when using
combined DWI and T2W evaluation to classify perianal
abscess and fistulas.

Limitations

The first limitation, in our study, is the low number of
cases. The second limitation is that some patients with
perianal fistulas refused surgery, despite being indicated.
This may have affected their classification into PIA and
NIA groups and accordingly may have altered the re-
sults. We tried to reduce this bias by excluding patients
with pre-operative diagnosis of perianal abscesses, who
refused the surgery. Finally, our results may vary from
other authors, who used higher b values for the DWI se-
quence (1000 s/mm?) or used a large ROI for the record-
ing the ADC value.
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ADC: Apparent diffusion coefficient; DWI: Diffusion-weighted imaging;
NIA: Negative inflammatory activity; PIA: Positive inflammatory activity
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