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Summary
Background Although there are numerous modalities 
to evaluate perianal fistula, there is still a need to deter-
mine the most sensitive, specific, and accurate modality. 
This study was conducted to determine the performance 
characteristics of magnetic resonance imaging (MRI) 
and contrast-enhanced three-dimensional endoanal 
ultrasonography (C-3DEAUS) considering surgery as the 
gold standard.

Methods A total of 36 patients who were diagnosed 
of having anal fistula with 10-MHz hydrogen peroxide-
enhanced three-dimensional EAUS underwent MRI fol-
lowed by surgery. Both of tests were done the day before 
surgery. Fistula classification was determined with each 
modality according to Parks’ criteria as inter-sphincteric, 
trans-sphincteric, extra-sphincteric, or supra-sphinc-
teric and was compared with the surgical findings in all 
patients. If the accuracy of each modality was at least 
85 % compared with the surgery, it was considered as 
clinically useful.

Results Agreement for the classification of the pri-
mary fistula tract was 94.3 % for C-3DEAUS and surgery, 
97.1 % for MRI and surgery. Considering a clock face, 
C-3DEAUS and surgery agreed in location of internal 
opening in 88.6 % of cases while MRI and surgery agreed 
in 97.1 %. In detection a collection, agreement between 
C-3DEAUS and surgery was 82.9 %, and 97.1 % between 
MRI and surgery.

Conclusions Both methods had almost perfect agree-
ment with surgical findings in the classification of the 
primary fistula tract but MRI had more agreement in dis-
tinguishing other aspects of a fistula and it can be used as 
the most reliable method for preoperative evaluation of 
perianal fistulas.

Keywords Fistula  · Endosonography  · Magnetic reso-
nance imaging · Surgery

Introduction

An anal fistula is a hollow tract that connects two epi-
thelial surfaces with an internal anorectal and an exter-
nal opening in the perianal area. Crohn’s disease, pelvic 
infection, tuberculosis, diverticulitis, trauma during 
childbirth, pelvic malignancy, and radiation therapy or 
cryptoglandular infection arising from perianal abscess 
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are common reasons of fistulas. However, most are idio-
pathic representing the chronic phase of intramuscular 
anal gland sepsis [1, 2]. Symptoms ranging from minor 
discomfort and drainage generally affect quality of life 
significantly [2]. Considering the Parks’ classification, 
fistulas are classified into four groups: intersphincteric, 
trans-sphincteric, supra-sphincteric, and extra-sphinc-
teric [2].

The anal fistula prevalence has approximately 0.01 % 
worldwide affecting young adults predominantly [3], 
with a male-to-female ratio of approximately 2:1 [1].

Surgery is the typical management of fistula related 
with various complications such as postoperative incon-
tinence and recurrence [4]. Accurate preoperative defini-
tion of the anatomy of the tract and the location of any 
extension or abscesses are required to have a successful 
surgery [1, 5].

Radiologic studies are performed to evaluate fistula 
when the primary opening is difficult to identify or for 
recurrent or persistent disease. Several imaging diag-
nostic modalities such as fistulography, barium enema, 
computed tomography (CT)-scan, endoscopic ultra-
sonogpahy, and magnetic resonance imaging (MRI) are 
available to evaluate anal fistulas. Imaging with fistu-
lography, barium enema, and CT scan is not sufficiently 
accurate to be clinically useful while endoscopic ultraso-
nography and MRI has been shown to be more accurate 
in evaluation of perianal fistulas [6–9]. Although MRI has 
superseded endoscopic ultarsonogrphy [1], a relatively 
low accessibility and high price of MRI limit its com-
mon use as a diagnostic method [10].This study was per-
formed to evaluate the diagnostic accuracy of MRI and 
hydrogen peroxide contrast-enhanced endoanal ultra-
sonography (C-EAUS) in detection and characterization 
of perianal fistulas in comparison to surgery as the gold 
standard. Although the numerous papers were previ-
ously published on this topic, we used updated MRI and 
endoanal ultrasound techniques in our study to improve 
diagnostic accuracy of these tests.

Methods and materials

Study subjects selection

A census of 36 patients with symptomatic diagnosis 
of anal fistula who referred to the colorectal division, 
department of surgery of Rasool-Akram hospital, Iran 
University of Medical Sciences from December 2013 to 
February 2015 were enrolled in the study. After giving 
an informed consent, the subjects underwent hydrogen 
peroxide C-EAUS and gadolinium-contrast MRI stud-
ies before surgery. Both tests were done the day before 
surgery. Exclusion criteria were having contraindication 
for MRI including claustrophobia, pacemaker, metal pin 
and having contraindication for use of gadolinium-based 
contrast: renal failure and liver failure, pregnancy, lac-
tation and severe pain in patients who can not tolerate 
endoanal ultrasonography. A colorectal surgeon who 

blind to the results of MRI with about 8 years of experi-
ence in endoanal ultrasonography performed all con-
trast-enhanced endoanal ultrasonographies. In all cases, 
a second colorectal surgeon performed the surgical 
operations and categorizations of the fistulae. The radi-
ologist who interpreted the MRIs was blind to the results 
of C-EAUS and the operating surgeon who described the 
characteristics of the fistulae was blind to the results of 
both C-EAUS and MRI too.

The study was approved by the Institutional Review 
Board of Tehran University of Medical Sciences.

Contrast-enhanced endoanal ultrasonography

The investigation was performed with the patient in sim’s 
position (left lateral decubitus) without any bowel prep-
aration. A 10-MHz rotating 360 ° ultrasound endoanal 
probe (type 2052, BK, Pro Focus UltraView 2202, Copen-
hagen, Denmark) was covered in a latex condom con-
taining degassed gel to obtain maximum image quality.

The procedure was performed in three steps. First, 
Iodine topical solution was used to identify and clean the 
perianal fistular openings while the patient was in the 
left lateral position. For the purpose of contrast solution 
(hydrogen peroxide) injection, the external fistular open-
ing was cannulated using an 18-gauge plastic cannula 
and tape-fixed to the skin surface. To locate the external 
opening when it was not obvious, the soft catheter was 
firmly probed into the center of a focal elevated erythem-
atous region adjacent to the external fistular opening 
where the skin was fragile. Then, a conventional ultra-
sound examination without injection of contrast solution 
using the rotating endoanal probe was performed. In the 
next step, without dislodging the cannula, the images 
were recorded slowly along the entire length of the anal 
canal with slow pressure injection of 1.0– 2.0  ml of 3 % 
hydrogen peroxide to visualize the fistula tract, its exten-
sion and internal opening and three-dimensional images 
were obtained after computerized reconstruction.

Fistulae were categorized according to Park’s classifi-
cation. Hypoechogenic abnormal structures beyond the 
primary tract were identified as extension or abscess. The 
categorization of the fistulae was as follows:

The primary tract was classified as inter-sphincteric, 
trans-sphincteric, supra-sphincteric, or extra-sphinc-
teric according to the Park’s classification system [2].

The position of internal opening was described as 
clock and level (upper, mid, lower part of the anal canal).

 ● Presence or absence of extension of fistula and/or 
abscess was also indicated. (Fig. 1)

Contrast-enhanced magnetic resonance imaging

The MRI examinations were performed with 1.5  T MR 
machine (Avanto, Siemens, Erlongen-Germany) using 
body phased array coils with no special preparation con-
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 ● Oblique axial T2-weighted FSE sequences: 3300/100, 
3-mm section thickness, 0.5  mm gap, 205 × 256 
matrixes.

 ● Oblique coronal T2-weighted FSE sequences: 
4860/105, 3.5-mm section thickness, 0.4  mm gap, 
207 × 256 matrixes.

 ● Sagittal T2-weighted FSE sequences: 5750/101, 3-mm 
section thickness, 0.7 mm gap, 230 × 256 matrixes.

 ● Sagittal FS T2-weighted FSE sequences: 6010/98, 3.5-
mm section thickness, 0.7 mm gap, 205 × 256 matrixes.

 ● Oblique axial FS T2-weighted FSE sequences: 5210/98, 
3.5-mm section thickness, 0.5 mm gap, and 205 × 256 
matrixes.

Intravenous injection of gadobutrol (Gadovist; bayer 
Schering pharma, Berlin, Germany) was performed with 
a power injector with a mean dose of 0.1  ml/kg body 
weight. (Fig. 2)

The digital MR images were evaluated by one experi-
enced radiologist who had more than 10 years of expe-
rience with pelvic MRI at referral center of anal fistula 
imaging at the commencement of the study. The same 
criteria was used to categorize the anatomy of the fistulae 
as those which were applied for C-EAUS.

Surgery

After mechanical colonic preparation with laxatives for 
24  h, surgery was performed. All patients received pro-
phylactic intravenous ceftizoxime (1  g) and metronida-
zole (500 mg) just before operation. In operating room, 
the patient was placed in lithotomy position. Under 
regional or general anesthesia, the proctoscope was 
inserted. Then, the possible primary tract was palpated; 
and a special probe was inserted through the external 
opening to reach the internal opening. In cases where 
the internal opening was not located, hydrogen peroxide 
solution was used to visualize the anal canal.

sisting of the following sequences with 250 field of view 
before and after gadolinium-based contrast material:

 ● Oblique axial T1-weighted fast spin-echo (FSE) 
sequences with the following parameters: repetition 
time (tr) msec/echo time (te) msec, 682/10, 3-mm 
section thickness, 1.4 mm gap, 228 × 256 matrixes.

 ● Oblique axial fat suppressed (FS), T1-weighted FSE 
sequences: tr/te, 655/10, 3-mm section thickness, 
2.2 mm gap, 240 × 320 matrixes.

 ● Oblique coronal FS T1-weighted FSE sequences: 
620/10, 3-mm section thickness, 0.7 mm gap, 205 × 256 
matrixes.

 ● Oblique axial T1-tirm FSE sequences: 4030/32, 3-mm 
section thickness, 1.4 mm gap, 228 × 256 matrixes.

Fig. 2 Magnetic resonance 
imaging. A 47-year-old man 
with trans-sphincteric fistula 
and ischiorectal collection. 
a coronal contrast-enhanced 
fat-suppressed T1-weighted 
MR image and, b axial T1-tirm 
fast spin-echo show the trans-
sphincteric fistula (arrow) 
crossing the external sphinc-
ter and collection (arrow head) 
in the left ischiorectal fossa

 

Fig. 1 C-3DEAUS. A 28-year-old woman with trans-sphinc-
teric fistula. Peroxide-enhanced endoanal US scan shows 
trans-sphincteric fistula (arrow) crossing the external anal 
sphincter in the right anterolateral to the anal canal
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(sensitivity, specificity, positive predictive value, and 
negative predictive value with 95 % confidence intervals 
[CIs]) for C-EAUS and MRI in categorizing the anatomy 
of the fistula and presence or absence of anatomical 
extension and abscess were evaluated compared with 
the results of surgery as the gold standard test. Inter-
rater agreement analysis for two unique raters was used 
to evaluate agreement between each of C-EAUS and MRI 
with surgery. Cohen’s Kappa values with the significance 
level for its difference from 0 were determined. In fact, 
Cohen’s Kappa between 0.61 and 0.80 indicates a sub-
stantial agreement, and the value between 0.81 and 1.0 
demonstrates an almost perfect or perfect agreement 
[11]. Sensitivity and specificity of C-EAUS and MRI were 
compared using McNemar’s Chi2 test. p Values less than 

The location of the primary tract, type of the perianal 
fistula, presence and position of internal opening and 
presence of extension and/or abscess were determined. 
Eventually, fistulectomy or fistulotomy was done using a 
layed open technique. (Fig. 3)

Considering the location of extensions in relation to 
sphincters, they were either drained or curreted.

Statistical analysis

Statistical analysis was performed using STATA IC ver-
sion 13.1 for Windows (STATA Corp., TX, USA). Numeri-
cal variables were summarized as mean ± standard 
deviation and categorical variables were summarized 
as frequency (percentage). Performance characteristics 

Fig. 3 Intra operative images. 
A 30-year-old man with trans-
sphincteric fistula in lithotomy 
position
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Finally, data from 35 subjects (23 men and 12 women; 
mean age 39.8 ± 13.5 years) were included in the analyses. 
From these cases, 11 patients had previous surgeries for 
fistulas (nine fistula surgery and two for abscess drain-
age). All fistulae were due to cryptoglandular infection 
and the patients did not have any other risk factors. In 
this study there was no patient with horseshoe extension. 
In all, 14 cases (40.0 %) were reported to have abscess col-
lection around the fistula, and 13 subjects (37.1 %) had an 
extended fistula tract. The location of the internal open-
ing of the fistulae was determined precisely in 31 cases 
(88.6 %) with C-EAUS and in 34 subjects (97.1 %) with 
MRI.

Inter-rater agreement

The results of inter-rater agreement analysis are 
demonstrated in Table  2. C-EAUS categorized all 27 
(100 %) trans-sphincteric and 6 out of 8 (66.7 %) inter-
sphincteric fistulas correctly. In fact, C-EAUS showed 
almost perfect or perfect agreement with surgery in 
distinguishing trans-sphincteric from inter-sphinc-
teric types of fistulae (agreement: 94.3 %, kappa: 0.82). 
Categorizing all 27 (100 %) trans-sphincteric and 7 out 
of 8 (87.5 %) inter-sphincteric fistulae correctly, MRI 
showed a perfect agreement with surgery (agreement: 
97.1 %, kappa: 0.91).

Test performance characteristics

Table  3 demonstrates test performance characteristics 
for C-EAUS and MRI and comparison of their sensi-
tivities and specificities. In determining anatomy of the 
fistular tract, C-EAUS and MRI showed the same level 
of sensitivity (100 % for both tests). However, MRI had 
higher specificity although the difference was statistically 
nonsignificant (87.5 vs. 75.0 %; p = 1.000). Both tests had 

0.05 were considered as statistically significant in all 
analyses.

Results

The subjects’ baseline characteristics are summarized in 
Table 1. From a total of 36 enrolled patients, 27 had trans-
sphincteric fistula and 8 had inter-sphincteric fistulas in 
their surgery report. The only subject with supra-sphinc-
teric type of fistula was excluded from the analyses. 

 

Table 1 Summary of the study population characteristics 
(n = 35)

Frequency (%)a

Baseline parameter

Age (years) 39.8 ± 13.5

Gender Female 12 (34.3 %)

Male 23 (65.7 %)

Previous fistula surgery Yes 11 (31.4 %)

No 24 (68.6 %)

Fistula recurrence Primary 24 (68.6 %)

Recurrent 11 (31.4 %)

Final fistula anatomy Trans-sphincteric 27 (77.1 %)

Inter-sphincteric 8 (22.9 %)

Peri-fistular abscess Yes 14 (40.0 %)

No 21 (60.0 %)

Presence of the fistula tract exten-
sion

Yes 13 (37.1 %)

No 22 (62.9 %)

Fistular internal opening location 
determination by C-EAUS

Precise 31 (88.6 %)

Imprecise 4 (11.4 %)

Fistular internal opening location 
determination by MRI

Precise 34 (97.1 %)

Imprecise 1 (2.9 %)

C-EAUS contrast-enhanced endoanal ultrasonography, MRI magnetic 
resonance imaging
aIn case of numerical measure, mean ± standard deviation is reported

 

Table 2 Inter-rater agreement between in determining peri-anal fistulas characteristics with contrast-enhanced endoanal ul-
trasonography and magnetic resonance imaging with surgery as the gold standard test

C-AEUS MRI

Agreement (%) Kappa ± SE Agreement(%) Kappa ± SE

Surgery Fistula tract 
Anatomy

TS IS 94.3 0.82 ± 0.17 TS IS 97.1 0.91 ± 0.17

TS 27 0 27 0

IS 2 6 1 7

Collection Yes No 82.9 0.66 ± 0.16 Yes No 97.1 0.94 ± 0.17

Yes 13 1 13 1

No 5 16 0 21

Extension Yes No 85.7 0.69 ± 0.17 Yes No 94.3 0.88 ± 0.17

Yes 10 3 12 1

No 2 20 1 21

C-AEUS contrast-enhanced anal endosonography, MRI magnetic resonance imaging, TS trans-sphincteric, IS inter-sphincteric, SE standard error
Data are presented as frequencies
All p values for the comparison with ‘no agreement’ < 0.0001
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assessment of perianal fistula; however, all other com-
ponents of performance characteristics of diagnostic 
modalities were higher in MRI compared with EAUS.

In this study, the results showed that the agreement of 
peroxide-enhanced three-dimensional EAUS with sur-
gery for the classification of the primary fistula tract was 
almost perfect and it had a substantial agreement level 
in distinguishing other aspects of a fistula; while differ-
ent studies reported a wide range of accuracy and perfor-
mance characteristics for EAUS in detection of primary 
tract, internal opening, and extension [15, 16]. This may 
be due to differences in the criteria used, differences in 
operator experience, differences in the complexities of 
fistulas, and differences in the EAUS techniques. In addi-
tion to the use of high-frequency transducers and three-
dimensional technology, using H2

O
2
 as a contrast may 

be the most effective reason to improve the accuracy of 
EAUS [15]. Many other studies confirmed the superior-
ity of H

2
O

2
-enhanced EAUS compared with unenhanced 

studies [4, 17].
Peroxide-enhanced EAUS improves detection of fis-

tula tract via visualizing the tract more obviously espe-
cially in difficult cases such as supra-sphincteric fistula 
tract and recurrent fistulas in which accurate anatomi-
cal assessment is pivotal [15]. Consequently, performing 
H

2
O

2
-enhanced EAUS in difficult cases may be more eco-

nomical and helpful. Although H
2
O

2
 infusion is gener-

ally safe, several complications may happen mainly due 
to large infusion volume or forceful infusion [18, 19]. Of 
note, no patient in this study complained of symptoms 
related to H

2
O

2
 infusion. Thus, the high accuracy and 

safety of three-dimensional peroxide-enhanced EAUS 
may make it a choice in the preoperative assessment 
of fistula due to its easy use, low cost as well as its use-
fulness in routine clinical practice. However, different 
studies used MRI with body coils in assessment and clas-
sification of anal fistula [1, 20, 21]. It may provide further 
information on perianal anatomy and structures of anal 
fistula as well as active tracts and healed or scar tissue 
compared with EAUS [22, 23]. The accuracy of MRI was 
investigated in different studies with reported sensitivi-
ties of 86 − 97 % [6, 24, 25]. These results are in line with 
the current study. Hussain et al. [8] and Lunniss et al. [6] 
reported a sensitivity of 61–65 % for EAUS and 85–89 % for 
MRI using a body coils or endoanal coils in two studies 
comparing EAUS and MRI.

In a similar study that was conducted by West et al. [26], 
three-dimensional EAUS were compared with MRI using 
endoanal coils. Although the results were comparable in 
both modalities, the technique of MRI was different from 
the current study that was MRI with body phased array 
coils. Considering the study of Halligan et al. [27], MRI with 
body coils is more accurate and has a larger field of view 
than MRI with endoanal coils and is tolerated easier. Some 
other studies compared MRI with EAUS; two studies found 
MRI superior to EAUS in classification of the primary tracts, 
localizing the internal opening and detecting collections or 
extensions [8, 20]; while in a study that was conducted by 
Orsoni et al., EAUS was more accurate than MRI in diagnos-

similar levels of positive and negative predictive values 
(PPV: 93.1 and 96.4 % for C-EAUS and MRI, respectively; 
and NPV: 100 % for both tests). In distinguishing other 
aspects of fistulae, C-EAUS and MRI showed similar lev-
els of performance characteristics except for that MRI 
showed better specificity than C-EAUS in showing a peri-
fistular abscess collection with borderline significance of 
difference (100 vs. 76.2 %, p = 0.062). Also, sensitivity of 
MRI in showing the existence of a fistular tract extension 
was higher although with statistically nonsignificant dif-
ference (92.3 vs. 76.9 %; p = 0.625).

Discussion

Mostly all anal fistulas are easily managed surgically [12] 
while high risk of complications such as recurrence or 
sphincter damage resulting fecal incontinence always 
exist for complex and recurrent fistula [13]. Thus, to have 
a successful surgery the anatomy of the tract and the 
location of any extension or abscesses should be defined 
accurately before surgery.

The current study examined the performance charac-
teristics and agreement of C-EAUS and MRI with surgery 
to determine the most accurate modality to assess peri-
anal fistulas. In this study, the average wait time between 
C-EAUS, MRI, and surgery was short. Both of tests were 
done the day before surgery. Finally, the results showed 
that C-EAUS and MRI exceeded the prespecified thresh-
old of 85 % accuracy compared with surgery. Consistent 
with the results of meta-analysis that was conducted by 
Siddiqui et al [14], the current study demonstrated that 
two diagnostic modalities had comparable accuracy in 

Table 3 Performance characteristics of contrast-enhanced 
endoanal ultrasonography and magnetic resonance imag-
ing in determining primary tract characteristics

Test performance characteristics

Sensitivity Specificity PPV NPV

Firstula 
tract 
anatomy 
(TS vs. IS)

C-AEUS 100 % 
(87.2–100)

75.0 % 
(34.9–96.8)

93.1 % 
(77.2–99.1)

100 % 
(54.1–100)

MRI 100 % 
(87.2–100)

87.5 % 
(47.3–99.7)

96.4 % 
(81.6–99.9)

100 % 
(59.0-100)

p-value 1.000 1.000

Presence 
of abscess 
(yes vs. no)

C-AEUS 92.9 % 
(66.1–99.8)

76.2 % 
(52.8–91.8)

72.2 % 
(46.5–90.3)

94.1 % 
(71.3–99.8)

MRI 92.9 % 
(66.1–99.8)

100 % 
(83.9–100)

100 % 
(75.3–100)

95.4 % 
(77.2–99.9)

p-value 1.000 0.062

Fistula tract 
extension 
(yes vs. no)

C-AEUS 76.9 % 
(46.2–95.0)

90.9 % 
(70.8–98.9)

83.3 % 
(51.6–97.9)

87.0 % 
(66.4–97.2)

MRI 92.3 % 
(64.0–99.8)

95.4 % 
(77.2–99.9)

92.3 % 
(64.0–99.8)

95.4 % 
(77.2–99.9)

p-value 0.625 1.000

C-AEUS contrast-enhanced anal endosonography, MRI magnetic resonance 
imaging, TS trans-sphincteric, IS inter-sphincteric, SE standard error
Data in parentheses show 95 % confidence intervals. p Values are based on 
exact McNemar’s Chi2 test
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22. Schwartz DA, Wiersema MJ, Dudiak KM, et al. A compari-
son of endoscopic ultrasound, magnetic resonance imag-
ing, and exam under anesthesia for evaluation of Crohn’s 
perianal fistulas. Gastroenterology. 2001;121(5):1064–72.

ing fistula and in agreement with surgery in 82 % compared 
with 50 % for MRI [20, 23]. EAUS and MRI, along with vari-
ous other modalities, can provide valuable diagnostic infor-
mation. However, MRI is not operator dependent, it is a safe 
and painless test, and the images can then be examined on 
a computer monitor, transmitted electronically, printed or 
copied to a CD [28].

Conclusion

In conclusion, this study showed that peroxide-enhanced 
three-dimensional EAUS and MRI both had almost per-
fect agreement with surgical findings in the classification 
of the primary fistula.

In addition, although C-EAUS showed a substantial 
agreement level in distinguishing other aspects of a fis-
tula (existence of peri-fistular abscess collection and fis-
tular tract extension), MRI had a perfect agreement with 
surgery and it can be used as the most reliable methods 
for preoperative evaluation of perianal fistulas, in com-
plex tracts and when EAUS cannot be tolerated or defi-
nitely confirm the diagnosis. EAUS could be considered 
for simple tracts and in case of any contraindication of 
doing MRI or lacking expertise in its interpretation.

Limitation

The most important limitation of our study was the small 
sample size. Therefore, further studies are needed to 
be conducted with larger sample size to determine the 
most accurate modality in assessment of perianal fistula. 
Another limitation of the study was operator-dependent 
nature of these tests.
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