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Abstract 

Background Perianal sepsis and fistulas are common lesions. Fistula-in-ano is a tedious problem because of high 
recurrence rates and severe unexpected complications postoperatively. Many imaging modalities are used to evalu-
ate this area. Magnetic resonance imaging (MRI) has been considered the gold standard procedure for perianal fistula 
assessment, i.e., it provides the surgeon with an accurate roadmap to select the best surgical approach, determines 
the extent of sphincter division, and estimates the risk of postoperative incontinence. We carried out a prospective 
diagnostic accuracy study involving 50 patients (mean age, 42.44 years) with perianal fistulas who underwent pelvic 
MRI with a 1.5 Tesla scanner using multiple sequences, including diffusion and post-contrast series that were either 
local or systemic. This study aimed to evaluate the diagnostic validity of pelvic MRI/MR fistulogram in perianal fistula 
assessment, identify perianal fistula-associated findings by MRI, and optimize the MRI technique with maximum tech-
nical safety.

Results Intersphincteric fistulas were the most common type of perianal fistula observed based on Parks’ classifica-
tion. Intersphincteric, trans-sphincteric, extrasphincteric, and suprasphincteric fistulas were found in 30 (60%), 12 
(24%), 4 (8%), and 4 (8%) patients, respectively. According to St. James’ classification, 21 (42%), 9 (18%), 8 (16%), 4 
(8%), and 8 (16%) patients had perianal fistula grades I, II, III, IV, and V, respectively. The combination of variable MR 
sequences and MR fistulogram increased the diagnostic validity of MRI examinations. Our results correlated with 
surgical results (reference standard) with perfect interobserver reliability.

Conclusions Of all imaging modalities, MRI has become a prerequisite for a successful surgery of a perianal fistula. 
MRI can identify: (a) fistula morphological details, (b) the relationship between the fistulous tract and the anal sphinc-
ter, (c) fistula wound healing, (d) an active versus chronic scarred fistula, (e) postoperative stigmata, and (f ) a perianal 
fistula from its mimics. MRI with variable sequences and MRI fistulogram are successful combinations that increase 
diagnostic efficiency with technical safety by avoiding both ionizing radiation and systemic gadolinium.
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Background
A perianal fistula is a tract that connects the anal canal 
or rectum to the skin around the anus. Abscesses and 
fistulas in the perianal region comprise the same disease 
process but are at different stages. An abscess is the acute 
stage, whereas a fistula is a chronic condition [1–3]. Ano-
rectal sepsis and perianal fistulas are common lesions. 
The incidence rate of perianal fistulas is ~ 1 in 1000 indi-
viduals and it usually occurs in adult males with a maxi-
mum occurrence in the third to fifth decades [4–7].
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Fistulas appear as a simple disease; however, both the 
disease and improper treatment cause significant mor-
bidity [8]. Perianal fistulous disease is divided into two 
groups: (1) nonspecific and related to anal gland infec-
tion, comprising the majority (90%), and (2) related to 
secondary pelvic pathology, comprising the minority. 
Cryptoglandular disease is surgically treated by closing 
the fistula tract and eradicating the infection, whereas 
other category is medically treated to maintain disease 
remission [9–12].

The internal sphincter is composed of smooth mus-
cle and, therefore, contracts involuntarily. The external 
sphincter is composed of striated muscle, and its strong 
voluntary contractions prevent defecation. Excessive 
division of the external sphincter leads to fecal incon-
tinence [13]. “Blind” attempts at perianal fistulous tract 
delineation during surgery lead to unsuccessful treat-
ments. An operation that is too aggressive or too con-
servative causes disease relapse (infected foci residue) 
or severe complications such as fecal incontinence 
(anal sphincter injury) [14].

Successful management of a fistula depends on 
accurate preoperative anatomical mapping, which is 
achieved through imaging. Three main imaging tech-
niques are used: contrast fistulography, endoanal ultra-
sonography, and magnetic resonance imaging (MRI). 
Each of these methods has advantages and limita-
tions. Selecting the best imaging modality depends 
on which one provides the most accurate information 
and application of the “As Low as Reasonably Achiev-
able” (ALARA) principle should be considered in those 
patients requiring repeated imaging [2, 11–15].

Several studies have discussed the role of MRI in 
perianal sepsis evaluation [15–18]. Our study is unique 
because it focused on MRI technical safety. The tech-
nique is safely optimized by obtaining an adequate 
number of sequences, including diffusion and MR 
fistulogram using water-based contrast media (CM; 
ultrasonic gel) or gadolinium-based contrast agents 
(GBCAs) as an alternative (partial substitute) to sys-
temic gadolinium. These patients usually undergo 
repeated MRI scans; thus, there is a fear of gadolinium 
deposits in neuronal cells [16]. Our study assessed 
interobserver agreement for different pulse sequences, 
including diffusion-weighted images (DWIs) and MR 
fistulogram.

This study aimed to: (A) evaluate the diagnostic valid-
ity of pelvic MRI/MR fistulogram in perianal fistula 
assessment, (B) elucidate the identification of peri-
anal fistula-associated findings through MRI, and (C) 
optimize the MRI technique with maximum technical 
safety by selecting the most appropriate protocol.

Methods
Study design
This prospective diagnostic accuracy multicenter study 
was conducted at two tertiary care hospitals in Upper 
Egypt from May 2019 to May 2021.

Ethics approval and consent to participate
The Institutional Review Board approved this study, and 
informed written consent was obtained from all patients 
who were included in the study.

Study population
Of 58 cases, 50 were enrolled in the study and 8 were 
excluded because of the following: (1) narrow or absent 
external opening (n = 3); (2) absence of surgical results or 
medical follow-up (n = 3); and (3) poor MRI quality due 
to movement artifacts or the presence of hip implants 
(n = 2) (Fig. 1).

Of the patients, 40 (80%) were males and 10 (20%) 
were females. The age range was between 14 and 
75  years, and the mean age ± standard deviation was 
42.44 ± 13.29 years.

Inclusion criteria:

• Any age and both genders were eligible
• Patients with a perianal external opening causing dis-

comfort and discharge
• Patients with a history of surgical intervention for a 

fistula and recurrence
• Patients with renal dysfunction (contraindication to 

systemic MRI CM) were included because the com-
bination of usual MR sequences with diffusion and 
MR fistulography could be an adequate alternative to 
intravenous (IV) CM (especially in simple uncompli-
cated cases)

Patient assessment
All enrolled patients were subjected to the following:

(1) Detailed clinical examination and history
(2) Laboratory investigations:

• Renal function tests: serum creatinine and glomer-
ular filtration rate (GFR; N ≥ 60 mL/min/0.73  m2).

• Serum C-reactive protein levels (N < 5 mg/l).

(3) MRI patient preparation included:
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• Removal of all metal objects, such as hearing aids, 
dentures, jewelry, watches, and hairpins.

• Removal of most clothes and changing into a 
gown.

• IV line insertion.
• Maintaining a partially full urinary bladder at 

the time of examination to allow for better pelvic 
anatomy delineation.

• No special bowel preparation.

Two 1.5 Tesla closed MRI scanners were used for imag-
ing, including a Toshiba Vantage Titan, agent Japan in 34 
patients and Siemens Magnetom Sempra, Germany in 
16 patients. An external phased-array body coil (cover-
ing the region of interest) was used for image acquisition 
with both machines, and then the patient was iso-cen-
tered within the magnet.

MRI examination protocol

• Initial three-plane localizer images were obtained.
• On the sagittal images, the axial cuts were placed 

parallel to the pelvic diaphragm tilted forward from 
the vertical by 45° to be perpendicular to the anal 
canal (oblique).

• Then on the same sagittal plane, the coronal cuts 
were placed parallel to the anal canal tilted forward 
from the vertical by 45° to be parallel to the anal 
canal (oblique).

The acquisition parameters of the applied sequences 
are displayed in Tables  1 and 2, and various MRI tech-
niques are described. Our study parameters were 
slightly different according to the machine that was used 
(Tables 1 and 2).

Fig. 1 Number of included and excluded patients

Table 1 Protocol and applied sequence parameter in 1st institution with 1.5 Tesla system (Toshiba Vantage Titan, agent Japan)

Scan 
parameters

T2_TSE_
sagittal- FS

T2_TSE_axial- 
FS

T2_TSE_axial 
oblique

T2_TSE_coronal 
oblique

T1_TSE_axial 
oblique_FS

T1_TSE_coronal 
oblique_FS

DWI

Sequence type Turbo spin echo 
(TSE)

Turbo spin echo 
(TSE)

Turbo spin echo 
(TSE)

Turbo spin echo 
(TSE)

Turbo spin echo 
(TSE)

Turbo spin echo 
(TSE)

Turbo spin echo 
(TSE)

Orientation Sagittal Axial Axial oblique Coronal oblique Axial oblique Coronal oblique Axial oblique

Number of slices 20 30 20 20 26 20 24

Slice thickness 
(mm)

3.5 3.5 3.6 3 3 3 3

Slice gap (mm) 0.4 0.6 0.6 0.4 0.6 0.6 0.5

FOV (mm) 259 × 360 230 × 320 230 × 320 270 × 320 309 × 380 380 × 380 385 × 385

TR (ms) 4280 6000 6600 6080 730 851 6400

TE (ms) 105 100 134 100 11 15 101

NEX 3 2 2 2 3 3 2

Fat sup Yes Yes No No Yes Yes -

Matrix 368 × 512 265 × 512 265 × 512 360 × 512 256 × 512 256 × 512 256 × 256

Bandwidth (Hz/
Px)

250 250 250 250 195 195 173

B value s/mm2 – – – – – – 0–50–800
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Imaging sequences
DW sequences were used to evaluate perianal fistulas, 
and they were added as routine sequences to provide 
more accurate evaluations. Following a routine protocol 
in the supine position (Tables  1 and 2), contrast series 
were obtained with either intravenous (IV) injection/
local (MR fistulogram) or a combined method:

Post-IV contrast T1-weighted imaging (T1WI) with fat 
saturation was performed in three planes. An injectable 
solution: Omni scan [Gadodiamide, which is a GBCA, at 
287  mg/mL] was used. A bolus IV injection of 0.1  mL/
kg (0.05  mmol/kg) was administered, and the IV line 
was flushed with 5 mL of 0.9% NaCl to ensure complete 
dosage administration. The imaging procedure was com-
pleted within 20 min of administration.

The patient was placed in a prone position for MR fis-
tulography and the site of the fistula opening was cleaned 
well with alcohol and a povidone-iodine solution. A but-
terfly cannula without the needle and with the tube cut 
in a beveled fashion was used for cannulation to facili-
tate non-traumatic entry. The tip of the cannula was 
immersed and dipped in xylocaine gel for lubrication 
and to provide a local anesthetic effect. A total of 1 mL of 
gadolinium was mixed in 20 mL of sterile normal saline 
and this solution was gradually injected through the can-
nula (all air in the syringe was evacuated before the injec-
tion). Another solution used in MR fistulography with 
saline instillation was the ultrasonic gel (T2WI obtained), 
which facilitated the detection of fistula tracks. The tech-
nique, however, depended on the clear existence of a 
relatively wide external opening at the time of the scan. 
We closed the opening with sterile gauze and cleaned 

any contrast refluxed on the skin surface once reflow 
occurred or there was flow through the second tract and 
opening.

Both anatomic and active inflammation parameters 
were evaluated. Anatomic criteria (based on the Parks’ 
classification) included: (a) the location of the primary 
tract, (b) the extension, and (c) the complexity of the tract 
(single, branched, or multiple). Inflammatory criteria, 
i.e., fistula activity, included: a T2 hyperintense appear-
ance of the fistula tract, presence of hyperintense cavi-
ties, and rectal wall thickening. The diagnostic validity of 
MRI for evaluating perianal fistulas was estimated using 
surgical findings (mainly), repeated imaging, and clinical 
follow-up results as reference standards.

Image analysis
Two senior radiologists (A & B) with 15 and 20 years of 
experience, respectively, in diagnostic radiology inde-
pendently reviewed the MR images. The obtained study 
results are presented in a tabulated manner using Micro-
soft Excel.

Statistical analysis
Data were collected and analyzed using Statistical Pack-
age for Social Sciences (SPSS, version 20: IBM Corp., 
Armonk, New York, USA). The qualitative data were 
compared using a chi-squared test and Fisher’s exact test. 
The accuracy of MRI with different sequences, includ-
ing DWI combined with post-contrast series and MR 
fistulogram in the diagnosis of the perianal fistula and 
its anatomical characteristics, was statistically analyzed 

Table 2 Protocol and applied sequence parameter in  2nd institution with the 1.5 Tesla system (Magnetom Sempra, Germany)

Scan 
parameters

T2_TSE_
sagittal_ FS

T2_TSE_axial_ 
FS

T2_TSE_axial 
oblique

T2_TSE_coronal 
oblique

T1_TSE_axial 
oblique_FS

T1_TSE_coronal 
oblique_FS

DWI

Sequence type Turbo spin echo 
(TSE)

Turbo spin echo 
(TSE)

Turbo spin echo 
(TSE)

Turbo spin echo 
(TSE)

Turbo spin echo 
(TSE)

Turbo spin echo 
(TSE)

Turbo spin echo 
(TSE)

Orientation Sagittal Axial Axial oblique Coronal oblique Axial oblique Coronal oblique Axial oblique

Number of slices 25 30 25 25 25 20 25

Slice thickness 
(mm)

3.5 3 3 3 3.5 3.5 3

Slice gap (mm) 0.75 0.6 0.6 0.6 0.75 0.75 0.7

FOV (mm) 320 × 320 220 × 220 220 × 220 254 × 320 210 × 320 210 × 320 250 × 250

TR (ms) 5600 5150 6960 6200 650 650 5800

TE (ms) 95 118 97 117 13 13 80

NEX 3 4 3 2 3 3 2

Fat sup Yes Yes No No Yes Yes –

Matrix 448 × 336 448 × 336 448 × 336 448 × 336 384 × 216 384 × 216 384 × 216

Bandwidth (Hz/
Px)

305 305 305 305 195 195 250

B value s/mm2 – – – – – 0–500–1000
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according to the final surgical results. The degree of 
agreement between two observers (A and B) regard-
ing CT findings was determined with an interobserver 
agreement and K degrees. The level of confidence was 
maintained at 95%; hence, P-values of < 0.05 were used to 
denote statistical significance. MRI was reliable in assess-
ing fistulas with very good interobserver concordance 
(P < 0.001). Additionally, sensitivity and specificity with 
confidence intervals of 95% were defined for the diagnos-
tic procedures.

Results
The most frequent age-group was 31–40  years fol-
lowed by the 41–50  years age-group. Only five patients 
were > 61 years old, and six patients had previous fistula 
operations with recurrence. Two patients presented with 
Crohn’s disease, whereas eight patients had diabetes. 

Demographic data of the studied patients are summa-
rized in Table 3.

All patients tolerated the examinations and no side 
effects were noted. A comprehensive analysis of MRI 
examinations of 50 patients showed the presence of 50 
fistulas (which were correlated with surgical findings 
and clinical examinations under general anesthesia). 
The final diagnosis was intersphincteric, trans-sphinc-
teric, extrasphincteric, and suprasphincteric fistulas in 
30, 12, 4, and 4 patients, respectively, based on Parks’ 
classification. Based on St. James’ classification, 21, 9, 
8, 4, and 8 patients were graded as I, II, III, IV, and V, 
respectively, as given in Table 4.

Of the 50 patients, 46 (92%) had a single external 
opening, whereas 4 (8%) had multiple external open-
ings. In the majority (60%) of patients, the external 
opening was located at 6–8 o’clock, whereas in 13 
(26%), 5 (10%), and 2 (4%) patients, it was located at 
3–5, 12–2, and 9–11 o’clock, respectively (Table 5).

Of the 50 patients, 45 (90%) had a single internal open-
ing and 5 (10%) had multiple internal openings. In the 
majority (44%) of patients, the internal opening was 
located at 6–8 o’clock, whereas in 8 (16%), 14 (28%), and 

Table 3 Demographic data of enrolled patients

N = 50

Age (years) 42.44 ± 13.29

Range 14–75

Age-group

 < 30 years 8 (16%)

31–40 years 19 (38%)

41–50 years 12 (24%)

51–60 years 6 (12%)

 > 61 years 5 (10%)

Gender

Male 40 (80%)

Female 10 (20%)

Pervious fistula operation 6 (12%)

Crohn’s disease patients 2 (4%)

Diabetic patients 8 (16%)

Table 4 Parks and St. James classification of perianal fistula in 
our study

N = 53

Parks classification

Intersphincteric 32 (60%)

Trans-sphincteric 13 (24.5%)

Extrasphincteric 4 (7.5%)

Suprasphincteric 4 (7.5%)

St. James classification

Grade I 23 (43%)

Grade II 10 (19%)

Grade III 8 (15%)

Grade IV 12 (23%)

Table 5 Number and site of external opening among enrolled 
patients

N = 50

Number of external openings

Single 46 (92%)

Multiple 4 (8%)

Site of external opening

6–8 O’clock 35 (70%)

3–5 O’clock 13 (26%)

12–2 O’clock 5 (10%)

9–11 O’clock 2 (4%)

Table 6 Number and site of internal opening among enrolled 
patients

N = 50

No. of internal opening

Single 45 (90%)

Multiple 5 (10%)

Site of internal opening

6–8 O’clock 27 (54%)

3–5 O’clock 8 (16%)

12–2 O’clock 14 (28%)

9–11 O’clock 6 (12%)
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6 (12%) patients, it was located at 3–5, 12–2, and 9–11 
o’clock, respectively (Table 6).

MRI showed 83% sensitivity, 100% specificity, and 
96% overall accuracy in detecting the secondary tract 
and 100% sensitivity, specificity, and overall accuracy in 
detecting abscesses based on correlations with surgical 
findings (Table 7).

A secondary tract was observed in 10 (20%) patients 
and an abscess in 11 (22%) patients. Abscesses were 
located in the intersphincteric region, ischiorectal 
fossa, around the anal canal, and supralevator region in 
five (10%), three (6%), two (4%), and one (2%) patients, 
respectively. Horseshoe and supralevator extensions were 
found in five (10%) and four (8%) patients, respectively 
(Table 8).

A local injection was given to 40 patients and, satis-
factorily, 38 cases needed no further systemic IV injec-
tion. Two cases needed further IV contrast injection, 
which displayed distended abscess-like loculation, to 
confirm the diagnosis. Systemic IV CM was injected 
in 10 patients from the start, and they were clinically 
diagnosed as having a perianal abscess or complicated 
recurrence postoperatively.

Surgical treatment was the main line of manage-
ment in 40 (80%) patients. No surgical procedure was 
attempted on eight patients because they refused sur-
gery. Another two patients with extrasphincteric-
type perianal fistulas and underlying Crohn’s disease 
received medical treatment.

MRI results were in concordance with surgical find-
ings. MRI showed very good agreement with surgeries 
regarding the site of the internal opening (K = 0.93) based 
on St. James’ grading (K = 0.90) and Parks’ classification 
(K = 0.91) and there was a perfect agreement with the 
surgery regarding the abscess site (K = 1; Table 9).

Follow-up to confirm the imaging diagnosis in each 
category showed the following:

(1) Intraobserver agreement and interobserver agree-
ment were found for two radiologists (A and B) who 
independently reviewed all of the data; (2) imaging diag-
noses correlated with intraoperative findings (feedback 
on operated cases through referring doctors); and (3) 
medically treated cases (inflammatory lesions) were fol-
lowed up after medical treatment completion.

The two observers (A and B) had very good agreement 
regarding MRI findings on the secondary tract (K = 0.89), 
site of the internal opening (K = 0.93), site of the abscess 
(K = 0.98), St. James’ classification (K = 0.94), Parks’ 
classification (K = 0.93), and overall findings (K = 0.94), 
whereas there was perfect agreement regarding the pres-
ence of an abscess (K = 1; Table 10).

It was found that DWI had the best diagnostic accu-
racy (70%) for predictions of abscesses among the studied 
patients, with an area under the curve (AUC) of 0.808. 
Although the combination of T2WI and DWI had the 
same sensitivity (100%), this combination had higher 
accuracy, reaching 92.3% (Fig.  2) with an AUC of 0.942 
(Table 11).

Table 7 Validity of MRI and contrast series in diagnosis of different types of perianal fistula

NB values are given as percentage: NPV Negative predictive value; PPV Positive predictive value

Pathological lesions Sensitivity (%) Specificity (%) PPV NPV Accuracy

Perianal fistula 100 100 100 100 100

2ry tract 83 100 100 95 96

Abscess 100 100 100 100 100

Table 8 Presence of secondary tract and abscess among 
enrolled patients

Data expressed as frequency (percentage)

Associated findings N = 50

Secondary tract 10 (20%)

Horseshoe extension 5 (10%)

Abscess (its presence) 11 (22%)

Site of abscess

 Intersphincteric region 5 (10%)

 Ischiorectal fossa 3 (6%)

 Around anal canal 2 (4%)

 Supralevator region 1 (2%)

 Supralevator extension 4 (8%)

Table 9 Degree of agreement between MRI findings and 
surgery

CI Confidence interval

Kappa value 95% CI Degree of agreement

Site of internal 
opening

0.93 0.88–0.94 Very good

Site of abscess 1 1–1 Almost perfect

St. James classifica-
tion

0.90 0.80–0.91 Very good

Parks classification 0.91 0.90–0.93 Very good
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A total of 45 (90%) patients had active tracts and the 
other five patients had fibrosed inactive tracts. Patients 
with active tracts had significantly higher apparent diffu-
sion coefficient (ADC) in comparison to those with inac-
tive fibrosed tracts (0.91 ± 0.27 vs. 1.30 ± 0.10  (10–3  mm2/
sec); P < 0.001). To predict the presence of an active tract, 
at the cutoff point < 1.1, the ADC had an 86% accuracy 
(Fig. 3) with an area under the curve of 1 (Table 12).

Discussion
The anatomy of the anal and perianal regions is complex. 
Perianal sepsis is one of several pathologies that can be 
identified within this confined anatomical space [18–
20]. Successful anal fistula treatment requires a balance 
between complete eradication of infective foci and main-
tenance of continence [2, 8, 21–24].

Appropriate MRI standards (various protocols) should 
be tailored to match the needs of each patient. To the 
best of our knowledge, our study is unique in limiting the 

Table 10 Interobserver agreement between observer A and B for findings in MRI

P value was significant if < 0.05. CI Confidence interval

Interobserver agreement: Interobserver agreement between 2 senior radiologists on the interpretation of images was measured using the kappa statistic, Kappa 
values: < 0 = no agreement, 0.0–0.20 = slight agreement, 0.21–0.40 = fair agreement, 0.41–0.60 = moderate agreement, 0.61–0.80 = good agreement, and 0.81–
1.00 = very good agreement

Findings Observer K degree 95% CI P value Percentage (%)
A B

Secondary tract

Present 8 (16%) 7 (14%) 0.89 0.78–0.9  < 0.0001 92

Absent 42 (84%) 43 (86%)

Site of internal opening

6–8 O’clock 27 (54%) 28 (56%) 0.93 0.81–0.98  < 0.001 96

3–5 O’clock 8 (16%) 15 (30%)

12–2 O’clock 14 (28%) 29 (58%)

9–11 O’clock 6 (12%) 11 (22%)

Presence of abscess

Yes 10 (20%) 10(20%) 1 1  < 0.001 100

No 40 (80%) 40 (80%)

Site of abscess

Intersphincteric region 5 (10%) 5 (10%) 0.98 0.91–1  < 0.001 98

Ischiorectal fossa 3 (6%) 3 (6%)

Around anal canal 2 (4%) 3 (6%)

Supralevator region 1 (2%) 0

St. James classification

Grade I 21(42%) 21 (42%) 0.94 0.89–0.98  < 0.001 96

Grade II 9 (18%) 9 (18%)

Grade III 8 (16%) 9 (18%)

Grade IV 12 (24%) 11 (22%)

Parks classification

Extrasphincteric 4 (8%) 4 (8%) 0.93 0.81–0.98  < 0.001 96

Intrasphincteric 30 (60%) 29 (58%)

Suprasphincteric 4 (8%) 5 (10%)

Trans-sphincteric 12 (24%) 12 (24%)

Fig. 2 Accuracy of the MRI technique for predicting abscesses 
among the studied patients
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systemic use of GBCA, with an emphasis on local injec-
tion (MRI fistulogram).

Halligan and Stoker [22] and O’Malley [23] concluded 
that MRI is very sensitive to all types of perianal fistulas. 
MRI was proven to be superior to other imaging modali-
ties in disease extension assessment with recorded sen-
sitivities and specificities for the fistula and abscesses 
of > 90%. Our results agreed with previous results as we 
reported that MRI had 83% sensitivity, 100% specificity, 
and 96% overall accuracy in detecting the secondary tract 
and 100% sensitivity, specificity, and overall accuracy in 
detecting abscesses based on surgical findings.

MRI has a valuable role in determining grading sys-
tems. The most prevalent type of fistula in the 50 
patients in this study was the intersphincteric type fol-
lowed by the trans-sphincteric type [30 (60%) patients 
and 12 (24%) patients, respectively]. The suprasphinc-
teric type and extrasphincteric type were found in four 
(8%) patients each. Our results were consistent with 
those reported by Liang et  al. [24], who revealed the 
intersphincteric type of fistula was the most reported 
in their study (70%) followed by trans-sphincteric in 
23%, suprasphincteric in 5%, and extrasphincteric in 
2% of the patients. Morris et  al. [25] recorded a simi-
lar pattern with 70% of all perianal fistulas being inter-
sphincteric fistulas, whereas 20% of the total were 
trans-sphincteric fistulas (Fig. 4).

Baskan et al. [26] revealed that 51.5% had a grade 1 or 
simple linear intersphincteric fistula, 18.4% had a grade 
2 or intersphincteric fistula with an abscess or secondary 
tract, 11.76% had a grade 3 or trans-sphincteric fistula, 
12.3% had a grade 4 or trans-sphincteric fistula with an 
abscess or secondary track in the ischioanal or the ischio-
rectal fossa, and 1.5% had grade 5 or supralevator and 

translevator disease (based on St. James’ classification). In 
our study, 21 (42%), 9 (18%), 8 (16%), 4 (8%), and 8 (16%) 
patients had perianal fistulas that were grades I, II, III, IV, 
and V, respectively, based on St. James’ classification.

Bayrak et al. [2] revealed that MRI is the modality of 
choice to assess morphological imaging characteristics. 
Preoperative MRI imaging should be routine, not only 
because of its utmost role in determining the relation-
ship of the fistulous tract to the sphincter complex, 
but also in picking up any secondary tracts or hidden 
deep foci of infection. This coincides with our results 
in which the diagnostic validity of MRI versus surgical 
findings (reference standard) had 83% sensitivity, 100% 
specificity, and 96% overall accuracy in detecting the 
secondary tract. Additionally, it has 100% sensitivity, 
specificity, and overall accuracy in detecting abscesses.

Table 11 Accuracy of MRI technique in prediction of abscess 
among studied patients

SE Sensitivity, SP Specificity; PPV Positive predictive value, NPV Negative 
predictive value; AC Accuracy; AUC  Area under the curve

Technique

T2WI DWI Combined 
T2WI and 
DWI

SE 100% 100% 97%

SP 44% 61.5% 91%

PPV 33.3% 42.3% 75%

NPV 100% 100% 99%

AC 56% 70% 92.3%

Cutoff point  > 1  > 1  > 1

AUC 0.718 0.808 0.942

P value  < 0.001  < 0.001  < 0.001

Fig. 3 Accuracy of the apparent diffusion coefficient (ADC) in 
prediction of active tracts among the studied patients

Table 12 Accuracy of ADC in prediction of active tract among 
studied patients

SE Sensitivity, SP Specificity; PPV Positive predictive value, NPV Negative 
predictive value; AC Accuracy; AUC  Area under the curve

Indices Value

SE 84%

SP 100%

PPV 100%

NPV 41.7%

AC 86%

Cutoff point  < 1.1

AUC 0.955

P value  < 0.001
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Considering the interobserver agreement between the 
two senior radiologists (interrater reliability), perianal fis-
tula-associated findings were measured using the kappa 
statistic, which indicated very good agreement.

Regarding the patients’ ages, Singh et al. [27] revealed 
that the mean age for perianal fistulas was 42  years 
(range, 22–70). In the present study, the mean age of 
the enrolled patients was 42.44 ± 13.29  years (range, 
14–75  years). The most frequent age-group was 
31–40 years (38%), followed by 41–50 years (24%). Only 
five patients were > 61 years old (Fig. 5).

Singh et  al. [27] revealed that 45 (90%) patients were 
males and five (10%) were females. Our study included 
40 (80%) males and 10 (20%) females. Mocanu et al. [28] 
included 817 patients and revealed that one-fifth of the 
patients with a perianal fistula were females and of a 
younger age-group (mean age, 30 years).

Sahnan et al. [29] analyzed the data from a wide group 
of patients with perianal abscess development to perianal 
fistula formation and revealed that female gender is a risk 
factor (hazard ratio: 1.18; P < 0.001) for fistula formation. 
Kelley et  al. [30] revealed female predominance due to 
adjacent vaginal problems and the risks associated with 
childbirth. The present study revealed that perianal fistu-
las occurred predominantly in adult males with a male-
to-female ratio of 4:1 and the mean age of disease was 
40 years, which is consistent with previous reports. How-
ever, this differed from Singh et al. [27] as they observed 
a male-to-female ratio of 9:1. These differences might be 
due to different study populations and dietary or cultural 
factors.

Vo et al. [31] identified the external opening in 353 of 
367 (96.2%) patients with 442 external openings, includ-
ing 289 (81.9%) patients with one external opening and 

Fig. 4 A 66-year-old male patient who presented with right perianal discharge. MRI examination after local injection of US gel through the fistulous 
tract revealed through axial T2 images (A–C): A External cutaneous opening of the fistulous tract (white arrow). B A non-branching simple tract 
at the right intersphincteric space (red arrow). C Internal mucosal opening connected to the anal canal at six o’clock (yellow arrow). Coronal T2 
images showed: D the course of the linear intersphincteric tract (green arrow). E A coronal STIR image showed hyper-intense signal of the right 
intersphincteric tract (blue arrow). The final diagnosis was a right, grade I, intersphincteric fistula
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64 (18.1%) patients with multiple external openings, of 
whom 47 (73.4%) had two, 10 (15.6%) had three, 6 (9.4%) 
had four, and 1 (1.6%) had five external openings. The 
external openings in 60.4% were in the posterior peri-
anal skin. Our study revealed that 46 (92%) patients had 
a single external opening, whereas four (8%) had multiple 
external openings. In the majority (60%) of patients, the 
external opening was located at 6–8 o’clock, whereas in 
13 (26%), five (10%), and two (4%) patients, it was located 
at 3–5, 12–2, and 9–11 o’clock, respectively (Fig. 6).

VO et al. [31] determined 385 internal openings (multi-
ple openings can be present in one case) in 367 patients, 
including 360 (93.5%) internal openings that were located 
posteriorly at the six o’clock position. The internal open-
ing was recognized in enhanced T1WI, T2WI, and STIR 
images. Notably, the internal opening location is vital 
because this will determine the extent of sphincter divi-
sion during fistulotomy [32]. Our study revealed that 
45 (90%) patients had a single internal opening and five 
(10%) had multiple internal openings. In the majority 
(44%) of patients, the internal opening was located at 6–8 

Fig. 5 A 50-year-old male patient presented with discharging fistulous openings. MRI examination in the form of multiple pulse sequences after 
local injection of saline and gel revealed in axial T2 images (A–E): A External cutaneous opening of the fistulous tract at the right perianal region 
(white arrow). B Fistulous tract at the intersphincteric space (red arrow) with another posterior midline fistulous tract (arrowhead). C Internal 
mucosal opening at 11 o’clock (yellow arrow). The posterior midline tract was seen in the intersphincteric space (dashed arrow). D The internal 
mucosal opening of the posterior midline tract was located in the anal canal at six o’clock (green arrow). E Extended branches on both sides of the 
anal canal giving a horseshoe appearance (blue arrow). The final diagnosis was a right, grade II, intersphincteric fistula

Fig. 6 A 58-year-old male patient who complained of left perianal discharge. MRI in the form of multiple pulse sequences revealed in axial T2W 
images (A–D): A External cutaneous opening of the fistulous tract in the left perianal region (white arrow). B Fistulous tract at the left ischioanal 
fossa (red arrow). C The fistulous tract passed through the external sphincter (yellow arrow). D Internal mucosal opening at six o’clock (blue arrow). 
DWI showed (E, F): hyper-intense signal of the fistulous tract. ADC images (G, H) showed: a hypo-intense signal of the fistulous tract denoting 
restriction. The final diagnosis was a left, grade III, trans-sphincteric fistula

(See figure on next page.)
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Fig. 6 (See legend on previous page.)
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o’clock, whereas in eight (16%), 14 (28%), and six (12%) 
patients, it was located at 3–5, 12–2, and 9–11 o’clock, 
respectively.

Patil et  al. [33] revealed that MRI is very useful when 
monitoring the healing of a perianal fistula. The domi-
nant role of contrast-enhanced MRI is the differentia-
tion of active and chronic perianal fistulous tracts. On 
enhanced MRI, active tracts appear as high signal inten-
sity (S.I.) on fat-suppressed T2W images with intense 
enhancement on post-contrast images (Fig. 7).

MRI clearly distinguishes anal sphincter, active or 
inactive lesions, chronic fibrosed fistula, and scar-
ring (through S.I., contrast enhancement and diffusion 
study). The outer layer of the sphincter complex, the 
external sphincter, appears hypointense on all pulse 
sequences. The internal sphincter appears hyperintense 

on T2WI and enhances the following CM administra-
tion. T1WI provides anatomical details of the sphincter 
complex and the levator plate, whereas T2W and fat-
saturated images highlight the tract against pelvic ana-
tomical structures [17, 20, 32–34].

Fistulous tracts show low to intermediate S.I. on 
T1WI and hyperintense signal on T2W. STIR images 
with enhancement after contrast injection show active 
disease and early phases of healing. Chronic fibrosed 
fistula tracts show a hypointense signal on T1WI and 
T2WI and did not enhance after CM injection [21, 35].

Loss of hyperintense signal on T2WI followed by 
an absence of contrast enhancement is a predictable 
sequence of morphological changes that occur with fis-
tula tract healing [36–38]. This is in agreement with our 
study in which axial T2W fat-suppressed images were 

Fig. 7 A 35-year-old female patient presented with left perianal discharge. She was diagnosed clinically with a perianal abscess. Therefore, from the 
start, we injected IV contrast material. MRI examination after IV contrast injection revealed in enhanced axial T1 FATSAT images (A–D): A External 
cutaneous opening of the fistulous tract in the left perianal region (white arrow). B Distended cavity with peripheral enhancement at the left 
ischioanal fossa denoting abscess formation (red arrow). C An abscess ascending upward and piercing the left levator ani muscle with supralevator 
extension (yellow arrow). D Internal mucosal opening at the anorectal junction at four o’clock (green arrow). E Enhanced coronal T1 FATSAT image 
shows the course of the left extrasphincteric fistula (blue arrow). The final diagnosis was a left, grade V, extrasphincteric fistula
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the most useful sequence for locating a fistulous tract, 
and after gadolinium injection at T1WI, the tract wall 
was enhanced, whereas the central portion was hypoin-
tense. Abscesses were well depicted in post-gadolinium 
images. Additionally, our study demonstrated that local 
contrast injection helps to distend the tract, and IV 
contrast was better at delineating secondary complica-
tions, such as abscesses (Fig. 8).

Mohsen and Osman [39] reported that DWI greatly 
contributed to this issue. Combined T2WI and DWI 
was not different (same accuracy) from the combined 
T2WI and post-contrast images. Our study results were 
consistent with previous reports as DWI has a vital role 
in the diagnosis of perianal fistulas and their activity. 

To predict the presence of an active tract, the cutoff 
point was < 1.1.

Currently, MRI is used to monitor the effect of medical 
treatment, e.g., Van Assche MR imaging-based scoring 
system. Responses in Crohn’s disease to biological ther-
apy are observed. Mostly, Crohn’s disease-related fistulas 
have complex features and require medical treatment to 
induce and maintain disease remission, rather than sur-
gery [40]. The present study reported two patients who 
were diagnosed with Crohn’s disease with complicated 
fistulas. Responses to medical treatment were recorded 
such as decreased sepsis and healing of fistulas.

MRI can differentiate perianal fistulas from their mim-
ics. The absence of intersphincteric extension is a key 

Fig. 8 A 40-year-old diabetic male patient complaining of recurrent perianal fistula after surgery. MRI examination in the form of multiple pulse 
sequences after IV contrast injection revealed in pre-contrast axial Fat Sat T1 images: A a faint horseshoe fistulous tract at the intersphincteric space 
(orange arrow). Post-contrast axial Fat Sat T1 images (B–E) showed: B external cutaneous opening of the branched fistulous tract in the left perianal 
region (white arrow). C An enhanced fistulous tract seen in the intersphincteric space with secondary branches (red arrow). D One branch seen 
connected with the anal canal at six o’clock (yellow arrow). E The enhanced fistulous tract forming a horseshoe extension (blue arrow) connected 
with the anal canal at 11 o’clock (green arrow). The final diagnosis was a left, grade II, intersphincteric fistula
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feature when differentiating various anal and perianal 
inflammatory conditions, such as hidradenitis suppurav-
ita and pilonidal sinus. In our study, we were confronted 
with the above-mentioned cases (excluded from the 
study as the external opening had no discharge or was 
not connected with the anal canal). Obviously, MRI dis-
criminated between these lesions [41].

MRI can identify postoperative stigmata in patients 
that are evaluated after fistula surgery; e.g., fat pack-
ing (hyperintense on T1WI with suppression in fat-sat 
sequences), Seton threads (hypointense on T1WI and 
T2WI), air foci (focal low signal on T1WI and T2WI), 
and scarring with a disfigured anatomy [42]. Our study 
revealed seven cases with postoperative features in the 
form of Seton threads and fat packing, which were easily 
identified.

Generally, MRI is considered to be safe technology. It 
can change the position of atoms, but not their struc-
ture, composition, and properties, as opposed to ionizing 
radiation [43]. For the sake of patient safety, the lack of 
ionizing radiation permits repeated imaging (common 
status in perianal fistula because hidden infection foci 
lead to relapse and to monitor treatment effects). Thus, 
MRI provides the long-term benefit of avoiding ionizing 
radiation [44].

Another MRI technical issue is the intensive use of 
GBCA. Nephrogenic systemic fibrosis (NSF) is a known 
disease process that involves fibrosis of the skin and 
internal organs, which is observed in some patients with 
altered or normal renal function. However, individuals 
with normal renal function can develop gadolinium dep-
osition disease (GDD), and the use of chelating agents is 
suitable for the treatment of this condition. Improper use 
of chelation treatment can increase the risk of significant 
harm from the adverse effects of chelation. Therefore, cli-
nicians should confirm the relevance of gadolinium even 
in patients with normal renal function [45].

During our study period, there were no contrast media 
problems at either of the two centers. We limited the use 
of systemic gadolinium to only complicated cases (two 
patients, ~ 4%), recurrent, secondary or inquiry cases (10 
patients ~ 20%). Imaging in our entire enrolled patient 
population was well tolerated, with no evidence of con-
trast medium-related complications (during the study 
period).

Our present study optimized the MRI technique 
through the successful combination of MR fistulogram 
using water-based CM, locally injecting GBCA, and 
acquiring an adequate number of sequences, includ-
ing DWI. We use this protocol as an alternative to an 
enhanced MRI (to decrease the systemic use of GBCA) in 
the majority of our studied patients (38 cases ~ 76%).

Limitations
Most cases in our study were primary and only a few were 
secondary to Crohn’s disease. No cases were associated 
with anorectal carcinoma or radiotherapy. Moreover, no 
recurrent or postoperative fistula cases were associated 
with scar formation and anatomy distortion. This study 
did not identify the application of diffusion tensor imag-
ing to anorectal sepsis as the technique was not available 
on our machines.

Future directions
(1) Three-dimensional (3D) T2-weighted turbo spin echo 
sequences are newer modalities in MRI. This technology 
can replace multiple 2D T2-weighted sequences. These 
techniques were used in rectal cancer and the female 
pelvis, but have not yet been used for fistula imaging. 
(2) More novel techniques have been developed using 
post-processing software packages. These input DICOM 
images can be used to develop 3D perianal fistula mod-
els. (3) Combination of the sonographic techniques (EAU 
and TPUS) may add some benefits if used in the future. 
4) Researchers are investigating whether the nature of 
dynamic enhancement can present prognostic informa-
tion regarding Crohn’s disease [46, 47].

Conclusions
MRI has become a prerequisite for a successful surgi-
cal procedure on perianal fistulas due to its sensitivity 
to all types of perianal fistulas. MRI is highly accurate in 
identifying fistulous tracts, ramifications, related occult 
collections, and their relation to the anal sphincter. Addi-
tionally, MR adequately monitors the treatment response 
and discriminates actively against chronic fistula tracts 
and postoperative stigmata. Moreover, MRI can differen-
tiate a perianal fistula from its mimics.

Variable MR sequences, including diffusion and MR 
fistulography using water-based contrast agents (e.g., 
ultrasonic gel) or GBCA (locally), are a successful com-
bination that increases the diagnostic efficiency of MRI 
examinations and adds MR technical safety by avoiding 
gadolinium systemic use. This tailored MRI protocol pre-
vents the risk of ionizing radiation, reduces the risk of 
GDD and NSF conditions, and preserves the use of a sys-
temic GBCA for complicated cases only.
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