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Abstract
Magnetic resonance imaging (MRI) is considered the gold standard for the evaluation of anal fistulas. There is sufficient literature available outlining the interpretation of fistula MRI before performing surgery. However, the interpretation of MRI becomes quite challenging in the postoperative period after the surgery of fistula has been undertaken. Incidentally, there are scarce data and no set guidelines regarding analysis of fistula MRI in the postoperative period. In this article, we discuss the challenges faced while interpreting the postoperative MRI, the timing of the postoperative MRI, the utility of MRI in the postoperative period for the management of anal fistulas, the importance of the active involvement and experience of the treating clinician in interpreting MRI scans, and the latest advancements in the field.
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Core Tip: Magnetic resonance imaging (MRI) plays a pivotal role in the preoperative management of anal fistulas, but there are little data on postoperative MRI. There are no existing guidelines available to the operating surgeon and the radiologist regarding the challenges faced, utility, timing, and other aspects of MRI interpretation of anal fistulas in the postoperative period. This is the first paper on this theme and presents the first guidelines to be formulated for postoperative MRI in anal fistula management. These guidelines are based on an extensive experience of interpreting 2404 MRI scans in 1719 patients, including 685 postoperative MRIs in 411 patients.

INTRODUCTION
Anal fistulas are known and feared for their high rate of recurrence and risk to the continence mechanism if the anal sphincters are damaged during surgery[1-5]. Newer diagnostic modalities, especially magnetic resonance imaging (MRI) and transrectal ultrasound (TRUS)[6,7], have helped in better understanding the pathophysiology and management of the disease[8-11]. MRI is slightly better than TRUS and is considered the gold standard to assess anal fistulas[12]. Most colorectal surgeons prefer MRI over TRUS for managing anal fistulas[13]. A recent study showed that 97% of surgeons preferred MRI and only 12% opted for TRUS[13]. There is plenty of literature available on the role and interpretation of MRI in anal fistulas before surgery, but the same is not true about the postoperative period[12]. There are hardly any data on the role and interpretation of MRI in the postoperative period after fistula surgery[12]. This is the first paper in which the guidelines for postoperative MRI in anal fistulas are discussed, and they are presented under five headings (Table 1).
It is important to understand that fistula healing can be clinical or radiological[14,15]. The most common definition of clinical healing is cessation of pus discharge from all the external openings and the anus for at least 3 mo[14,15]. On the other hand, radiological healing is defined as complete healing of the internal opening, the intersphincteric portion of the fistula tract, and tracts in the ischiorectal fossa on MRI or TRUS[14,15].

CHALLENGES IN INTERPRETING THE MRI IN THE POSTOPERATIVE PERIOD
Interpretation of the MRI in the postoperative period is not straightforward and poses a few challenges[15]. The active (infected) fistula tracts and abscesses appear hyperintense on T2 and short tau inversion recovery (STIR) sequences. The main conundrum in the postoperative period is that inflammation of tissue due to surgical trauma also appears hyperintense (white) on T2 and STIR[15]. Another confusing feature is that the granulation tissue that leads to healing of the fistula appears hyperintense (white) on T2 and STIR[15,16] as well. Therefore, the overall picture can be quite confusing as all three (infected fistula, post-surgery inflammation and healing granulation tissue in the fistula tract) appear similar and therefore require careful assessment (Figure 1). This problem or confusion can be resolved if the check MRI is delayed for a few weeks[15,16].
After a few weeks, the postoperative inflammation of tissues subsides and the healing granulation tissue is converted to scar tissue when the fistula heals completely[16]. The scar tissue appears hypointense (black) on T2 and STIR (Figure 2). Therefore, after this time, any hyperintensity (white) on T2 and STIR would most likely indicate fistula persistence or fistula/abscess recurrence[16] (Figures 3 and 4).

Recommendation
An active fistula tract, post-surgery inflammation and healing granulation tissue in the fistula tract look similar on postoperative MRI and cause confusion. Waiting for a few weeks can resolve this confusion.

TIMING OF POSTOPERATIVE MRI
As discussed above, the timing of postoperative MRI assumes great significance if meaningful information is to be gained from it. The appropriate cut-off time period for performing MRI to confirm fistula healing should be 12 wk after the date of surgery[16]. However, MRI to check for a missed tract, inadequate drainage of an abscess or to identify a newly developed tract or abscess may be done at any time in the postoperative period as necessitated by the clinical picture.
By 12 wk after surgery, the postoperative inflammation of tissues subsides almost completely and fistula healing occurs completely in cases where fistula closure eventually occurs. In such cases with complete fistula healing, the hyperintense (white) active infected fistula tract or healing granulation tissue, both become hypointense (black) on T2 and STIR[12,16] (Figures 2 and 4-6).
Though a fistula may heal even before 12 wk (Figure 5) or the healing granulation tissue may persist beyond 12 wk after surgery, a minimum wait of 12 wk seems prudent[16]. Any wait greater than 12 wk is better; rather, the longer the delay in scheduling MRI, the clearer the picture (Figure 6). This is because, with greater delay in performing MRI (e.g., 5-6 mo), all tissue inflammation and healing granulation tissue is expected to disappear, and any hyperintensity (white) on T2 and STIR would mean fistula persistence or fistula/abscess recurrence. However, most patients do not like to wait for such a long time (5-6 mo)[16].

Recommendation
The postoperative MRI to confirm fistula healing after surgery should be optimally done at least after 12 wk. However, the postoperative MRI to check for adequacy of abscess drainage or development of a new fistula tract may be scheduled as per clinical requirement.

UTILITY OF MRI IN THE POSTOPERATIVE PERIOD FOR ANAL FISTULA MANAGEMENT
MRI serves as an extremely useful tool in the armamentarium of surgeons managing complex anal fistulas. The main indications for performing MRI in the postoperative period after anal fistula surgery are as follow.
Checking for a missed tract or confirming adequate drainage of all abscesses: In complex fistulas with multiple tracts or abscesses, it is possible that a tract or an abscess may be missed during surgery or is inadequately drained[15]. This may lead to non-improvement or even deterioration of symptoms after surgery. An MRI in the postoperative period would lead to correct identification of the cause (missed fistula tract or inadequately drained abscess) (Figure 7) and timely intervention[16].
Checking for new abscess/tract development: There are instances when a patient who was improving in the postoperative period starts to deteriorate due to development of fistula tracts or abscesses in new sites[15]. This could be due to undiagnosed tuberculosis (TB), Crohn’s disease, or virulent microbes. An MRI would be of immense help in determining the presence as well as the location of the new tract or abscess and its subsequent management[16].
MRI is fairly accurate in assessing and confirming the healing of fistulas radiologically. Not uncommonly, the external opening of the fistula tract closes and the fistula appears healed clinically. However, the internal opening and intersphincteric component of the fistula tract have not healed and this leads to a recurrence weeks to months later[16] (Figures 3 and 4). This phenomenon of a fistula appearing healed followed by recurrence makes fistula management unpredictable and creates uncertainty in the minds of patients and surgeons alike. Therefore, many patients desire confirmation of whether the fistula which appears clinically healed has actually healed radiologically as well. This is especially true in patients who have suffered from multiple recurrences of the fistula[16].
Of all its benefits, this indication of MRI (to confirm fistula healing) is perhaps the most important of all motives for obtaining an MRI in the postoperative period[14]. It has been shown in a large study with long-term follow-up, that corroboration of clinical healing with radiological healing on MRI correlates quite well with actual long-term healing[14,15]. In a study of 125 patients of complex anal fistulas in whom the fistula had healed radiologically and who were followed-up for 38 mo, 99.2% (124/125) remained healed and only 1/125 patients had a recurrence on long-term[14]. This is important evidence that if clinical healing is corroborated by radiological healing on MRI, then the chances of long-term recurrence are minimal.
A fistula can be divided into three distinct parts for the purpose of MRI assessment: internal opening; intersphincteric component of fistula tract; and component of fistula lateral to the external sphincter (external tracts).
The first two components, the internal opening and the intersphincteric component of the fistula tract, are deep and are difficult to assess on clinical examination, whereas the external tracts are relatively easy to assess clinically[14]. Second, any persistent infection in the external tracts leads to pus discharge from the external opening and will be clinically manifested. On the other hand, a fistula with healed external tract and closed external opening may have persistent infection/sepsis in the intersphincteric component of the fistula tract[14,15] (Figures 3 and 4). Such fistulas have no clinical manifestation for a few weeks and may appear healed even on clinical examination (Figures 3 and 4). Therefore, MRI is primarily useful in assessing the patency of the internal opening and assessing healing of the intersphincteric component of the fistula tract[14,15] (Figures 2 and 4-6). Moreover, once the internal opening and intersphincteric component of the fistula tract have healed completely, even the external tracts eventually heal in most cases. Therefore, a clinically healed fistula may be radiologically unhealed and such a fistula has a high likelihood of recurrence. On the other hand, a radiologically healed fistula with occasional serous discharge from the external opening for a few days (thus appearing clinically unhealed), has a high likelihood of healing and a low risk of recurrence.
As mentioned above, the patent internal opening and actively infected intersphincteric component of the fistula tract appear hyperintense (white) on T2 and STIR (Figures 3 and 4) whereas the healed internal opening and intersphincteric component of fistula tract appear hypointense (black) on T2 and STIR (Figures 2 and 4-6).

Recommendation
The healing of the internal opening and the intersphincteric component of the fistula tract correlate very well with both immediate and long-term fistula healing.

ACTIVE INVOLVEMENT AND EXPERIENCE OF THE CLINICIAN IN INTERPRETING MRI SCANS
A pivotal point in the management of complex anal fistulas is the active involvement of the operating surgeon in the interpretation of MRI scans.
Apart from being slightly more sensitive than TRUS, the main advantage of MRI over TRUS is that MRI interpretation is not operator dependent[15]. MRI films can be meaningfully interpreted by anyone independent of who conducted the procedure. This is a big advantage for the treating surgeon as the MRI scan can be analyzed in the office or operating room. We have realized that analyzing the MRI on computer via DVD/CD is more informative than interpreting it on films (hard copy). This is because each frame can be studied in high resolution on the monitor and can be enlarged as desired.
Active involvement of the surgeon in radiological analysis is important in preoperative management but holds even more significance in the postoperative management of complex anal fistulas. As the operating surgeon is well versed with the clinical picture, the operative procedure done and the postoperative course, he or she can correlate the radiological picture much better than the radiologist[5]. This holds true for other diseases as well but is far more applicable in managing complex anal fistulas. Needless to say, the full input of the radiologist needs to be considered in every case but the surgeon should be actively in the driver’s seat alongside the radiologist while interpreting MRI scans. The surgeon should not passively make deductions from the radiologist’s report.
Garg Fistula Research Institute is a specialized referral center for managing anal fistulas in North India. Over the last 8 years, 2404 MRI scans done in 1719 patients were analyzed at the institute[15]. Of the 1255/1719 patients who were operated for anal fistulas, 621/1255 patients had complex anal fistulas and 634/1255 had simple fistulas. Preoperative MRI (n = 1255) was done in all 1255 patients, whereas postoperative MRI (n = 685) was done in 411/1255 patients. Many patients required multiple postoperative MRI scans as their fistulas were more complex. The details are tabulated in Tables 2 and 3. The above data is mentioned in order to highlight a couple of points. First, the operating surgeon (Garg P) was actively involved in interpreting all the MRI scans along with the chief radiologist (Kaur B). The latter has the experience of reading more than 12000 anal fistula MRI scans over the last 30 years. Second, a reasonably high cure rate of 93.5% could be achieved over a long-term follow-up (median: 3 years) in this large cohort[15]. Active involvement of the operating surgeon in MRI interpretation was one of the key factors in achieving these results.
Approval for analyzing the data was obtained from the Indus International Hospital-Institute Ethics Committee. The patients were informed about the purpose of the study, and the study was conducted in accordance with the Declaration of Helsinki.
It is a standard recommendation to obtain pre-operative MRI in recurrent fistulas. However, there is no consensus on performing MRI in all patients including those with seemingly primary, simple fistulas on preoperative clinical examination. A recent large study highlighted that 34% of fistulas that appeared simple on clinical examination turned out to be complex after an MRI was performed, leading to a change in surgical decision for these patients[16]. Considering the results of this study and since our institute is a referral center for anal fistulas, we perform MRI in all patients as a standard protocol. This might appear expensive, but it works out to be economical even if it prevents recurrence in half the patients. Additionally, as MRI is not very costly in our country (USD 75), it does not financially burden the patients. Therefore, the cost-effectiveness of performing MRI for all fistulas (including simple-looking fistulas) would depend on the prevailing cost and availability of MRI in the region, experience of the operating surgeon in clinical examination as well as his/her past experience, and correlation of the results of the clinical examination with actual fistula complexity.

Recommendation
The operating surgeon should be actively involved with the radiologist in interpreting preoperative as well as postoperative MRI scans for managing anal fistulas.

OTHER ADVANCEMENTS
Newer advancements like contrast-enhanced MRI and three-dimensional modelling are being evaluated for anal fistulas[9,17-22]. These have been utilized more in Crohn’s disease rather than cryptoglandular fistulas. However, the data on their utility is limited, and the exact indications and advantages have not been outlined yet. Contrast-enhanced MRI might provide additional input in preoperative MRI scans, but its role in the postoperative period has not been studied in great detail[21]. Diffusion-weighted MRI (DW-MRI) is superior to fat-suppressed T2-weighted images in detecting fistula tracts and also helps avoid the need to administer contrast (gadolinium chelate) in many cases[9,20]. However, its role in postoperative management has not yet been evaluated[9,20].
Various MRI-based scoring systems have been developed based on disease severity. The first of these was the Van Assche scoring system[23] which has been modified and subsequently used[24-26]. However, these scores have been utilized only in fistulizing Crohn’s disease and have not been evaluated in cryptoglandular fistulas. The major shortcoming of these scoring systems is that they are based on both fistula complexity and MRI features. A more complex fistula is assigned higher scores as per these scoring systems. These studies evaluated the correlation between postoperative fistula healing and the assigned scores. A fistula with lower scores was expected to heal more readily and vice versa. However, this correlation was not seen in many patients[26]. In summary, these scores did not correlate accurately with postoperative healing in Crohn’s fistulizing disease. The point, perhaps overlooked by most of these studies, is that the scoring system primarily assessed fistula complexity. A complex fistula is expected to have a lower likelihood of healing, but this correlation may not always be accurate as, apart from complexity, fistula healing depends on additional factors. These include the surgeon’s competence (a simple fistula treated by an inexperienced surgeon may recur), the procedure employed (an expert surgeon performing an inappropriate procedure in a simple fistula can cause a recurrence), associated comorbidities like diabetes, undetected fistulizing disease like TB, poor patient compliance etc. Therefore, it is not prudent to use a single scoring system to evaluate fistula complexity as well as to predict postoperative healing. Both these parameters should be assessed by separate scoring systems.

Recommendation
In future, DW-MRI, three-dimensional modelling scans and MRI-based scoring systems will play an important role in the interpretation of postoperative MRI after fistula surgery.

CONCLUSION
To conclude, this is the first paper in which the guidelines for postoperative MRI in anal fistulas have been discussed. Postoperative MRI is an extremely useful tool available to surgeons managing complex fistulas. Though its interpretation is somewhat more challenging than analyzing preoperative MRI, with diligence and adequate experience, the treating surgeon can acquire proficiency in interpreting postoperative MRI as an active member of the clinician-radiologist team. This will go a long way in improving management of anal fistulas, especially complex ones.
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Figure Legends
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Figure 1 A 37-year-old male patient with a high posterior intersphincteric abscess was drained by transanal opening of the intersphincteric space procedure. Magnetic resonance imaging (MRI) done after 3 wk after surgery showed hyperintense signal (due to healing granulation tissue) at the same location similar to the hyperintense signal in the preoperative images (due to pus collection). A: Axial section (schematic diagram); B: Coronal section (schematic diagram); C: Pre-operative T2-weighted MRI; D: Sketch of pre-operative axial MRI image highlighting abscess (green color); E: Pre-operative short-T1 inversion recovery (STIR) axial MRI; F: Pre-operative T2-weighted coronal MRI; G: Sketch of pre-operative coronal MRI image highlighting abscess (green color); H: Postoperative T2-weighted axial MRI; I: Sketch of postoperative axial MRI image highlighting healing granulation tissue (green color); J: Postoperative STIR axial MRI; K: Postoperative T2-weighted coronal MRI; L: Sketch of postoperative coronal MRI image highlighting healing granulation tissue (green color). STIR: Short-T1 inversion recovery.
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Figure 2 A 64-year-old male patient with a high transsphincteric fistula with multiple branches. Magnetic resonance imaging (MRI) done after 19 wk post-surgery showing fistula has healed completely. The hyperintense signal (white) in the preoperative images has turned hypointense (black). A: Axial section (schematic diagram); B: Coronal section (schematic diagram); C: Pre-operative T2-weighted axial MRI; D: Sketch of pre-operative axial MRI image highlighting internal opening and the intersphincteric portion of fistula tract (green color); E: Pre-operative short-T1 inversion recovery (STIR) axial MRI; F: Postoperative T2-weighted axial MRI (after 19 wk) showing completely healed fistula; G: Postoperative STIR axial MRI (after 19 wk) showing completely healed fistula. STIR: Short-T1 inversion recovery.
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Figure 3 A 54-year-old male patient with a high transsphincteric fistula. The fistula appeared to have ‘clinically’ healed as the external opening had closed with cessation of all pus. However, magnetic resonance imaging (MRI) done after 28 wk post-surgery showed patent internal opening and widening of intersphincteric portion of fistula tract. A: Axial section (schematic diagram); B: Coronal section (schematic diagram); C: Pre-operative T2-weighted MRI; D: Sketch of pre-operative axial MRI image highlighting internal opening and the intersphincteric portion of fistula tract (green color); E: Pre-operative short-T1 inversion recovery (STIR) axial MRI; F: Postoperative T2-weighted axial MRI (after 28 wk) showing patent internal opening and persistent intersphincteric portion of fistula tract; G: Sketch of postoperative axial MRI image highlighting patent internal opening and persistent intersphincteric portion of fistula tract; H: Postoperative STIR axial MRI (after 28 wk) showing patent internal opening and persistent intersphincteric portion of fistula tract. STIR: Short-T1 inversion recovery.
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Figure 4 A 47-year-old male patient with a high transsphincteric fistula with supralevator extension. The fistula appeared to have ‘clinically’ healed as the external opening had closed with cessation of all pus. Magnetic resonance imaging (MRI) done after 26 wk post-surgery showed patent internal opening and active intersphincteric portion of the fistula tract [hyperintense on T2 and short-T1 inversion recovery (STIR)]. The patient was operated again. MRI done after 14 wk after 2nd surgery showed fistula has healed completely. The hyperintense signal (white) in the preoperative images has turned hypointense (black). A: Axial section (schematic diagram); B: Coronal section (schematic diagram); C: Pre-operative T2-weighted MRI; D: Sketch of pre-operative axial MRI image highlighting internal opening and the intersphincteric portion of fistula tract (green color); E: Pre-operative STIR axial MRI; F: Postoperative (26 wk after 1st surgery) T2-weighted axial MRI showing patent internal opening and persistent intersphincteric portion of fistula tract; G: Sketch highlighting patent internal opening and intersphincteric portion of fistula tract (green color); H: Postoperative (26 wk after 1st surgery) STIR axial MRI showing patent internal opening and persistent intersphincteric portion of fistula tract; I: Postoperative (14 wk after 2nd surgery) T2-weighted axial MRI showing completely healed fistula; J: Postoperative (14 wk after 2nd surgery) STIR axial MRI showing completely healed fistula. STIR: Short-T1 inversion recovery.
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Figure 5 A 51-year-old male patient with a high transsphincteric fistula with multiple branches. Magnetic resonance imaging (MRI) done after 8 wk post-surgery showing fistula has healed completely. The hyperintense signal (white) in the preoperative images has turned hypointense (black). A: Axial section (schematic diagram); B: Coronal section (schematic diagram); C: Pre-operative T2-weighted axial MRI; D: Sketch of pre-operative axial MRI image highlighting internal opening, the intersphincteric portion of fistula tract and transsphincteric fistula tract (green color); E: Pre-operative short-T1 inversion recovery (STIR) axial MRI; F: Postoperative T2-weighted axial MRI (after 8 wk) showing completely healed fistula; G: Postoperative STIR axial MRI (after 8 wk) showing completely healed fistula. STIR: Short-T1 inversion recovery.
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Figure 6 A 40-year-old male patient with a suprasphincteric fistula. Magnetic resonance imaging (MRI) done after 16 wk post-surgery showing fistula has healed completely. The hyperintense signal (white) in the preoperative images has turned hypointense (black). A: Axial section (schematic diagram); B: Coronal section (schematic diagram); C: Pre-operative T2-weighted axial MRI; D: Sketch of pre-operative axial MRI image highlighting internal opening and the intersphincteric portion of fistula tract (green color); E: Pre-operative short-T1 inversion recovery (STIR) axial MRI; F: Postoperative T2-weighted axial MRI (after 16 wk) showing completely healed fistula; G: Postoperative STIR axial MRI (after 16 wk) showing completely healed fistula. STIR: Short-T1 inversion recovery.
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Figure 7 A 69-year-old male patient with a posterior fistula with a presacral abscess. A wide bore drainage tube was inserted into the cavity intraoperatively. However, the patient did not improve. Postoperative check magnetic resonance imaging (MRI) demonstrated that the tube was in the wrong plane and the presacral abscess was not properly drained. A: Axial section (schematic diagram); B: Coronal section (schematic diagram); C: Preoperative short-T1 inversion recovery (STIR) sagittal MRI; D: Sketch of pre-operative sagittal MRI image highlighting anal fistula and presacral abscess (green color); E: Postoperative STIR sagittal MRI showing drainage tube in the wrong plane and persistent presacral abscess; F: Sketch of postoperative sagittal MRI highlighting persisting anal fistula and presacral abscess (green color) (yellow arrows show the drainage tube). STIR: Short-T1 inversion recovery.

Table 1 Guidelines for postoperative magnetic resonance imaging in management of anal fistulas
	Guidelines for postoperative MRI in management of anal fistulas

	(1) Challenges in interpreting the MRI in postoperative period

	(2) Timing of postoperative MRI

	(3) Utility of MRI in postoperative period for anal fistula management: Checking for missed tract and confirm adequate drainage of all abscesses; Checking for new abscess/tract development; Confirming healing of internal opening

	(4) Active involvement and experience of clinician in interpreting MRI scans

	(5) Other advancements


MRI: Magnetic resonance imaging.

Table 2 Overview of magnetic resonance imaging scans done
	Overview
	

	Total patients = 1719
	Total MRI evaluated in 1719 patients = 2404

	Total patients operated = 1255
	Total MRI in 1255 operated patients = 1940

	
	Preoperative MRI in 1255 operated patients = 1255

	Patients in whom postoperative
	Number of MRI done in 411 patients = 685

	MRI done = 411/1255
	


MRI: Magnetic resonance imaging.

Table 3 Characteristics of operated anal fistula patients analyzed by magnetic resonance imaging
	Parameter
	Patients (n = 1255)

	M/F
	1078/177

	Recurrent (%)
	754 (60.1)

	Associated abscess (%)
	328 (25.7)

	Multiple fistula tracts (%)
	777 (61.9)

	Horseshoe tract (%)
	285 (22.7)

	Supralevator or suprasphincteric tract (%)
	162 (12.9)

	Simple/complex fistulas
	621/ 634

	Fistula classification as per different classifications
	

	St James’s University Hospital
	I-193

	
	II-180

	
	III-150

	
	IV-570

	
	V- 162

	Parks
	I-375

	
	II-698

	
	III-162

	
	IV-0

	
	

	Garg
	I-265

	
	II-390

	
	III-83

	
	IV-355

	
	V- 162


Garg classification is a recently proposed classification (2017), which has been shown to correlate accurately with fistula complexity[15,16]. F: Female; M: Male.
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