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Abstract: Preoperative assessment of complex fistula-in-ano (FIA) is crucial for decision making. Magnetic resonance 

imaging (MRI) has been used for assessment of perianal sepsis with various protocols and methods. The aim of the present 

study was to assess the concordance between MRI fistulography with gadopentate enhancement and the intraoperative surgical 

findings, and to study the impact of preoperative assessment with MRI on surgical outcomes including fistula recurrence and 

fecal incontinence (FI). Patients with complex and high FIA who were investigated by MRI fistulography preoperatively were 

reviewed. The concordance between the findings of MRI and the intraoperative findings on examination under anesthesia 

(EUA) was made using Kappa coefficient test. The accuracy and sensitivity of MRI were calculated regrading detection of the 

internal opening, primary and secondary fistula tracts. 95 patients (82% males) were included in the study. MRI fistulography 

had an accuracy of 89.4%, 96.8%, 96.8%, 98%, and 98% in detection of the internal opening, number of tracts, position of 

primary tract, secondary extensions, and presence of abscess cavities, respectively. Overall, there was very good concordance 

between MRI and EUA regarding the examined parameters (k= 0.847, 0.937, 0.908, 0.953, 0.957), respectively. Fistula 

recurrence and minor FI were recorded in 4.2% and 14.7% of patients. MRI fistulography is an effective diagnostic modality 

for the preoperative assessment of FIA. MRI had excellent accuracy and sensitivity in detection of the internal opening, 

primary tract, and secondary extensions of anal fistula with very good concordance with the intraoperative findings. 
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1. Introduction 

Fistula-in-ano (FIA) is a common anorectal disorder with 

an estimated prevalence of around 1 in 10,000 individuals 

[1]. FIA is defined as an abnormal communication between 

the epithelialized surface of the anal canal and perianal skin. 

In the majority of the cases FIA is attributed to an 

inflammatory process arising from a cryptoglandular 

perirectal abscess. 

While the standard assessment of patients with anal 

fistulas is examination under anesthesia (EUA) [2], 

preoperative imaging is usually warranted to define the site 

and full extent of the disease. Fistulography, endorectal 

ultrasonography (ERUS), and magnetic resonance imaging 

(MRI) have been used to establish the relation between the 

fistula tract and the anal sphincters and other related 

structures. 

Inadequate assessment of FIA may result in converting 

simple fistulas into a more complex entity. Moreover, failure 

to appreciate complex ramifications of FIA can result in 

recurrent sepsis [3, 4]. Missing secondary tract extensions at 

surgery is usually the principal cause of recurrence, hence 

adequate surgery is mandatory in more extensive disease [5]. 

MRI has been recognized as an accurate diagnostic tool for 
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the assessment of FIA [6]. MRI has been shown to reduce 

recurrent disease and, therefore reoperation rates. It does not 

only help demonstrate the disease extension accurately, but 

also serves to predict prognosis and make surgical decisions 

[7, 8]. In patients with Crohn’s disease recurrence could be 

due to inadequate medical treatment rather than missed 

secondary extensions, therefore MRI can be used for 

monitoring therapy and predicting prognosis in patients with 

Crohn’s disease [9]. 

A variety of MR sequences have been proposed for 

assessment of FIA with varying results [10]. MRI with body 

or external phased array pelvic receiver coils can be used to 

assess both simple and complex fistulas. The development of 

an endoanal receiver coil has allowed high resolution MRI of 

the anal sphincter complex with detailed delineation of 

various muscle layers [11]. 

In addition to MRI, ERUS is also used for the primary 

assessment of complex and high FIA. Kołodziejczak et al 

[12] described 3D-ERUS as an accurate and reproducible 

modality for the assessment of type and height of anal 

fistulae with overall accuracy 91% for fistula type and 92% 

for fistula height. On the other hand, both modalities were 

reported to have comparable sensitivity, yet with higher 

specificity in favor to MRI [13]. 

The aim of the present study was to assess the concordance 

between MRI fistulography with gadopentate enhancement 

and the intraoperative surgical finding, and to study the 

impact of preoperative assessment with MRI on surgical 

outcomes including fistula recurrence and fecal incontinence 

(FI). 

2. Patient and Methods 

Prospective data of patients who were treated for high 

complex FIA in Mansoura colorectal surgery center (private 

center) between January 2015 and December 2016 were 

reviewed. Ethical approval for the study was obtained from 

the institutional review board of Mansoura Faculty of 

Medicine. 

2.1. Eligibility Criteria 

Adult patients of both genders presented with complex 

FIA were included in this study. Complex anal fistulas 

included high trans-sphincteric, horse-shoe, recurrent, 

multiple branching and high fistulas with supralevator 

extension. 
We excluded patients aging below 16 years, and patients 

with FIA secondary to inflammatory bowel diseases (IBDs), 

tuberculosis, sexually transmitted diseases, or malignancy. 

Patients with preoperative FI, and patients with other 

anorectal pathology such as hemorrhoids and rectal prolapse 

were also excluded from the study. 

2.2. Preoperative Assessment 

Detailed history was taken from all patients regarding the 

type, onset, and duration of complaint, other related 

symptoms, previous investigations or treatments received for 

the current complaint, and associated medical comorbidities. 

Preoperative continence state was evaluated by Wexner 

continence score [14]. Patients were then investigated by 

MRI fistulography for assessment of the type and extension 

of anal fistula, afterwards patients received surgical treatment 

of the anal fistula within 1-2 weeks after MRI examination. 

2.3. Technique of MRI 

MR imaging was performed using a 1.5 tesla scanner 

(General Electric) HDe signa GEHC scanner using anterior 

array 8 channel coil, firstly non-contrast T1 FSE axial and 

coronal oblique study was done TR/TE, 600/10 ms, with 

matrix 512 x 512, FOV 28 x 28 cm
2
, NEX=4 and slice 

thickness about 4 mm and 0.5 mm inter slice gaping were 

obtained, then post-IV-contrast FSPGR images in same 

planes, slice thickness & inter-slice gaping with Flip angle = 

80 degree, TR/TE, 435/3.1, matrix 512 x 192, FOV 26 x 26 

cm
2
, NEX=3 study was done using gadopentat emeglumine 

0.5 mL/kg (0.1 mmol/kg) body weight with maximum dose 

of 10 mL was administrated (using 20 to 22 G venous 

cannula) as an intravenous bolus injection at a flow rate of 

approximately 2 mL/s, the total time examination 16 to 18 

minutes. 

2.4. Image Evaluation 

 

Figure 1. MRI fistulography Displaying trans-sphincteric anal fistula (upper 

row), anal fistula associated with abscess cavity (middle row), and inter-

sphincteric anal fistula (lower row). 

MRI images were evaluated by a specialized radiologist 

with experience in reading pelvic MRI. The radiologist was 
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aware about the clinical suspicion of perianal sepsis. Images 

were evaluated for the presence and site of fistula tracks, 

abscesses, internal openings, horseshoe, or other secondary 

extensions of the primary tract (Figure 1). Anal fistula was 

classified according to St James University hospital MRI-

based grading system [15] into 0, normal appearance; 1, 

simple linear intersphincteric fistula; 2, intersphincteric 

fistula with intersphincteric abscess or secondary track; 3, 

trans-sphincteric fistula; 4, trans-sphincteric fistula with 

abscess or secondary track within the ischioanal or 

ischiorectal fossa; 5, supralevator and translevator disease. 

2.5. Surgery 

Surgery was performed by a single colorectal surgeon who 

is experienced in fistula surgery. Surgery was conducted in 

the modified lithotomy position with the patient under 

general or spinal anesthesia. The site of fistula tracks, 

external and internal openings, and horseshoe or other 

secondary extensions of the primary tract as well as the 

presence and location of any abscess were recorded. The 

operating surgeon was aware of the MRI findings 

preoperatively and used the findings of MRI imaging as a 

guide during surgery. The intraoperative findings were 

compared to those of preoperative MRI fistulography. Coring 

fistulectomy of the superficial part of the tract with 

placement of draining silk around the deep part of the tract 

and the involved anal sphincter complex was performed for 

all patients. Silk seton was elected to be performed since it 

has conferred acceptably low recurrence and incontinence 

rates according to our experience [16]. 

2.6. Data Collection 

The following data were extracted from patients’ records: 

a) Patients’ demographics as age, gender, associated 

comorbidities, and Wexner continence score. 

b) Type of FIA and position of external and internal 

openings as revealed by clinical examination. 

c) Characteristics of FIA revealed by MRI fistulography 

and EUA including position of the internal opening, 

position of the primary track, and presence of secondary 

extensions as supralevator extension or horse-shoe 

fistula. 

2.7. Statistical Analysis 

Statistical analysis was conducted using SPSS version 23 

program (IBM Corp; Bristol, UK) under Microsoft Windows. 

Continuous variables were described as mean and standard 

deviation (SD) while categorical variables were described as 

median and normal range. Student t-test was used to analyze 

the continuous data and fisher’s exact test or Chi square test 

was used to process categorical data. P values less than 0.05 

were considered significant. 

The concordance between MRI fistulography (index test) 

and EUA (reference standard) regarding the position of 

internal opening, position of primary tract, and presence of 

secondary extensions was assessed using Cohen’s kappa 

coefficient (k). Agreement between ERUS and EUA 

according to kappa was classified as perfect (k=1), very good 

(k=0.81–0.99); good (k=0.61–0.80), moderate (k=0.41–0.60), 

fair (k=0.21–0.40), and poor (k=0.20 or less) [17]. 

Sensitivity, specificity, positive predictive value (PPV) and 

negative predictive value (NPV) of MRI fistulography were 

calculated. 

3. Results 

3.1. Patients’ Characteristics 

Ninety-five patients with complex FIA were studied. 

Patients were 78 (82%) males and 17 (18%) females of a 

mean age of 39 ± 11.7 (16-68) years. Seventy-two (75.7%) 

patients presented with primary anal fistula and 23 (24.3%) 

patients presented with recurrent FIA after previous surgery. 

The external opening of the anal fistula was anterior to the 

transverse anal line in 32 (33.7%) patients, posterior in 35 

(36.8%) patients, lateral in 18 (19%) patients, whereas 10 

(10.5%) patients had multiple external openings. 

3.2. Utility of MRI Fistulography in Detecting the Site of 

the Internal Opening 

The position of the internal opening according to MRI Vs 

EUA was as follows: anterior (31 Vs 32), posterior (29 Vs 

35), lateral (18 Vs 18), multiple (9 Vs 9). In eight (8.4%) 

patients, MRI could not identify the site of the internal 

opening. The internal opening was accurately localized by 

MRI in 85 of the remaining 87 patients. 

The overall accuracy of MRI in detecting the site of the 

internal opening was 89.4% (95%CI: 81.7- 94.1%) with a 

sensitivity rate of 91.4% (95%CI: 83.7- 96.2%) and PPV of 

97.7% (95%CI: 97.5- 97.8%). There was very good 

concordance between MRI fistulography and intraoperative 

findings regarding the site of the internal opening with linear 

weighted kappa of 0.847 (95% CI: 0.75- 0.94) 

3.3. Utility of MRI Fistulography in Detecting the Number 

of Fistula Tracts 

The number of fistula tracts according to MRI Vs EUA 

was as follows: single (68 Vs 68), multiple (13 Vs 11), and 

horse-shoe fistula (14 Vs 16). The number of fistula tracts 

was correctly identified by MRI fistulography in 92 (96.8%) 

patients [95%CI: 91.1- 98.9%] with a sensitivity rate of 

100% (95%CI: 96-100%) and PPV of 96.8% (95%CI: 91- 

99.3%). There was very good concordance between MRI 

fistulography and intraoperative findings regarding the 

number of the fistula tracts with linear weighted kappa of 

0.937 (95%CI: 0.86- 1). 

3.4. Utility of MRI Fistulography in Detecting the Position 

of the Primary Fistula Tract 

According to the MRI-based grading of FIA, there were 

six fistulas of grade 2, 47 of grade 3, 33 of grade 4, and nine 

fistulas of grade 5. 
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The position of primary fistula tract according to MRI Vs 

EUA was as follows: trans-sphincteric (75 Vs 72), 

intersphincteric (19 Vs 22), and extra-sphincteric (1 Vs 1). 

The position of the primary tract was correctly identified by 

MRI fistulography in 92 (96.8%) patients [95%CI: 91.1- 

98.9%] with a sensitivity rate of 100% (95%CI: 96-100%) 

and PPV of 96.8% (95%CI: 91- 99.3%). There was very 

good concordance between MRI fistulography and 

intraoperative findings regarding the position of the fistula 

tract with linear weighted kappa of 0.908 (95%CI: 0.806- 1). 

3.5. Utility of MRI Fistulography in Detecting Secondary 

Extensions 

MRI fistulography detected secondary fistula branches in 

33 patients, one of which did not have secondary branches on 

EUA. On the other hand, in 62 patients MRI noted no 

secondary extensions while one patient had a branched fistula 

on EUA. 

Overall, secondary fistula extensions were correctly 

identified by MRI fistulography in 93 (98%) patients 

[95%CI: 92.6- 99.4%] with a sensitivity rate of 97% (95%CI: 

84.2-99.9%), specificity of 98.3% (95%CI: 91.3- 99.9%), 

PPV of 97% (95%CI: 82- 99.5%), and NPV of 98.4% 

(95%CI: 89.8-99.7%). 

There was very good concordance between MRI 

fistulography and intraoperative findings regarding the 

detection of secondary fistula extensions with linear 

weighted kappa of 0.953 (95%CI: 0.89- 1). 

3.6. Utility of MRI Fistulography in Detecting Abscess 

Cavities 

MRI fistulography detected abscess cavities in 46 patients, 

two of which did not have secondary branches on EUA. On 

the other hand, no abscess cavity was noted in 49 patients by 

both MRI and EUA. The presence of abscess cavity was 

accurately determined by MRI in in 93 (98%) patients 

[95%CI: 92.6- 99.4%] with sensitivity rate of 100% (95%CI: 

92- 100%), specificity of 96.1% (95%CI: 86.5- 99.5%), PPV 

of 95.6% (85- 99%), and NPV of 100%. 

There was very good concordance between MRI 

fistulography and intraoperative findings regarding the 

detection of abscess cavities with linear weighted kappa of 

0.957 (95%CI: 0.91- 1). Summary of the diagnostic utility of 

MRI fistulography is presented in table 1. 

Table 1. Summary of the accuracy, sensitivity, and concordance of MRI fistulography with intraoperative surgical findings. 

Variable Accuracy (%) Sensitivity (%) PPV (%) Concordance 

Site of internal opening 89.4 91.4 97.7 0.847 (95% CI: 0.75- 0.94) 

Number of tracks 96.8 100 96.8 0.937 (95%CI: 0.86- 1) 

Position of primary tract 96.8 100 96.8 0.908 (95%CI: 0.806- 1) 

Presence of secondary tracts 98 97 97 0.953 (95%CI: 0.89- 1) 

Presence of abscess cavity 98 100 95.6 0.957 (95%CI: 0.91- 1) 

 

3.7. Outcome of Fistula Surgery 

Fistula recurrence was recorded in four (4.2%) patients 

after removal of seton. Minor FI was noted in 14 (14.7%) 

patients with median Wexner score of 3 (range, 2-6). 

4. Discussion 

Complex and high FIA still represent a challenging 

problem for general and colorectal surgeons. The problem 

with this type of anal fistula is the complexity of the tract, 

usual presence of secondary extensions or associated 

abscesses, and the intimate relation with the anal sphincters. 

In order to achieve complete cure, the primary fistula tract 

and its ramifications should be properly identified and 

excised, yet without compromising the integrity of the anal 

sphincter complex. To this end, preoperative assessment by 

various imaging modalities, including ERUS and MRI 

fistulography, was devised. 

Many investigators considered MRI the gold standard for 

preoperative assessment of anal fistulas suggesting that MRI, 

if properly performed, can replace EUA [18, 19]. Other 

surgeons endorsed the use of ERUS for evaluation of FIA 

before surgery proposing that the results of hydrogen 

peroxide-enhanced ERUS are comparable to MRI [20]. The 

advent of three dimensional technology made ERUS a more 

accurate and reproducible tool in determining the type and 

height of anal fistulae as reported in a recent study [12]. 

Although ERUS can effectively assess some types of 

complex FIA, MRI is generally deemed superior for the 

appraisal of more complex anal fistulas [21]. The key 

advantages of MRI include being well tolerated without the 

need for previous preparation [19], the high spatial resolution 

of the image, and possibility of multiplanar imaging [22]. 

The indications for MRI in the assessment of perianal 

sepsis include 1. Confirming the presence of anal fistula in 

the cases where the external orifice is healed, yet the fistula 

track might be still persistent; 2. Demonstrating the 

pathologic anatomy of the primary fistula tract and its 

secondary branches to help surgical planning; 3. Follow-up 

of medical treatment in secondary FIA, namely to Crohn’s 

disease [19, 23]. 

In the present study, 95 patients with complex and high 

FIA were evaluated by MRI fistulography preoperatively. 

Around one-quarter of the patients had previous surgery for 

anal fistula implying the intricacy of their condition. T2-

Weighted image sequence was applied with the use of 

intravenous infusion of gadopentat emeglumine as a contrast 

medium. The vast majority (93.6%) of FIA had a high grade 

(3-5) according to the MRI-based grading which correlates 

with less favorable outcomes [24]; this may explain the 

relatively high rate of FI postoperatively. 

There exist several protocols for performing MRI for the 
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evaluation of FIA, however, there is no consensus on the 

optimal protocol yet. These protocols can be broadly 

categorized either MRI using coil or MRI fistulography [19]. 

The former entails the use of endorectal or superficial coil 

which attains the highest spatial resolution, yet with 

restriction of the examined field [25]. The latter involves 

injection of contrast medium either directly into the fistula 

tract or indirectly in the blood stream akin to the present 

study [10]. 

The MRI protocol employed in the current study had an 

accuracy rate of around 90% in detecting the internal opening 

and over 95% in depicting the primary and secondary tracts 

and abscess cavities. These accuracy rates are better than 

what West and coworkers [20] have reported on the use of 

endoanal MRI for assessment of FIA. We also found the 

concordance between MRI and EUA near perfect, in line 

with Lo Re et a. [26] who reported a perfect agreement 

between MRI and operative findings, however the authors 

applied different MRI protocol (STRI sequence) and studied 

a fewer number of patients than our study. 

MRI fistulography using gadopentat managed to identify 

the internal opening accurately in 85 out of the 95 patients 

examined, in accord with another report that also applied 

MRI fistulography but using direct injection of mixture of 

gadolinium and hydrogen peroxide in the fistula tract [27]. 

MRI fistulography had a very high sensitivity for all the 

investigated parameters, particularly the detection of the 

primary track and abscess cavities. In concordance with our 

findings, Beets-Tan and colleagues [28] reported similar 

sensitivity rates of MRI in detecting the internal opening 

(96%) and in detection of the fistula tracts (100%). On the 

other hand, Maier et al. [21] reported lower sensitivity (84%) 

of MRI in evaluation of FIA than the present study which can 

be attributed to different protocol, sequence, and method of 

performing MRI in both studies. 

Buchanan et al. [29] emphasized the value of the 

diagnostic efficacy of MRI in recurrent and complex FIA. 

The authors concluded that the preoperative assessment of 

FIA with MRI helped proper surgical planning which 

successfully reduced the rate of postoperative recurrence by 

as much as 75%. This was reproduced in our study as less 

than 5% of patients developed postoperative recurrence of 

anal fistula although the vast majority of anal fistulas were 

complex and around one-quarter were already recurrent after 

previous procedures. 

Despite the relatively high rate of FI reported in our study, 

the degree of incontinence was minor either to flatus or to 

mucous. This high incontinence rate can be explained that 

most of the patients had a trans-sphincteric FIA which 

involves a significant portion of the external anal sphincter, 

thus affection of the anal sphincter integrity and function can 

be anticipated even with the use of a sphincter-saving 

procedure for all patients. 

Although the present study was able to demonstrate the 

diagnostic utility of MRI fistulography in assessing FIA, 

some limitations to the study should be acknowledged. The 

retrospective nature of the study renders it a level IV 

evidence which is the main limitation. Lack of some 

information about the patients’ characteristics as body mass 

index, smoking, and associated diabetes mellitus is also 

another limitation to the study. Finally, to elucidate the actual 

prognostic value of MRI fistulography, a comparison has to 

be made between patients with complex FIA who were 

examined by MRI and those who did not receive MRI 

examination preoperatively. 

5. Conclusion 

MRI fistulography is an effective diagnostic modality for 

the preoperative assessment of anal fistulas. MRI had 

excellent accuracy and sensitivity in detection of the internal 

opening, primary tract, and secondary extensions of anal 

fistula with very good concordance with the intraoperative 

findings on EUA. The prognostic value of MRI fistulography 

in decreasing the recurrence and incontinence rates has to be 

verified in further prospective studies. 
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