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Abstract

Anal fistula (fistulous paraproctitis) is a chronic anorectal condition characterized by an

abnormal tract connecting the anal canal or rectum with the perianal skin. It significantly impairs
patients’ quality of life due to pain, discharge, and risk of recurrence. This review provides a
comprehensive analysis of classification systems, diagnostic approaches, and both conventional and
emerging treatment strategies for anal fistulas. Modern imaging techniques, including MRI and
endoanal ultrasound, have improved preoperative assessment and surgical planning. Surgical
management remains the cornerstone of treatment, with sphincter-preserving approaches such as
LIFT, VAAFT, and advancement flaps aiming to balance healing and continence preservation.
In this article, we summarized and critically analyzed current literature on the etiology, diagnostic
methods, and management options_of“anal fistula, emphasizing the shift from purely surgical to
regenerative and minimally invasive strategies. We*also joutlined. future perspectives integrating
imaging precision with biolegical repair techniques:

Keywords: Anal/fistula, fistulous paraproctitis, minimally invasive surgery, sphincter-
preserving techniques, regenerative therapy; stem, cell therapy, fibrin\ glue, MRI, endoanal
ultrasonography, recurrence

ANAL FISTULA (FISTULOUS PARAPROCTITIS) NI DAVOLASHDA ZAMONAVIY
MINIMAL/INVASIY VA REGENERATIV. YONDASHUVLARNING SHARHI
(ADABIYOTLAR TAHLILI)

Annotatsiya

Anal fistula (fistulous paraproctitis) = bu surunkali anorektal kasallik bo°lib, anal kanal yoki
to‘g‘ri ichakni peri-anal teri bilan bog‘laydigan patologik trakti bilan tavsiflanadi. Bu kasallik og‘riq,
ajralma va qaytalash xavfi tufayli bemorlarning hayot sifatiga sezilarli ta’sir ko ‘rsatadi. Ushbu sharh
anal fistulalarning klassifiKatsiya tizimlari, diagnostika yondashuvlari, shuningdek, an’anaviy va
yangi davolash usullarinizkompleks tahlil giladi. Zamonayviy tasvitlash usullari, jumladan MRI va
endoanal ultratovush, operatsiyaga tayyorgarlik-va jarrohlik rejalashtirishni yaxshiladi. Jarrohlik
davolash asosiy usul bo‘lib qolmoqda; shu bilan birga LIET, VAAFT va advancement flaps kabi
sfinkterni saqlashga qaratilgan yondashuvlar davolanish-va kontinensiyani saqlash o‘rtasida
muvozanatni ta’minlashga qaratilgan.

Ushbu maqolada anal fistulalarning etiologiyasi, diagnostikasi va davolash usullari bo‘yicha
zamonaviy adabiyotlar umumlashtirilib, tanqidiy tahlil qilingan bo‘lib, faqat jarrohlik
yondashuvlaridan minimal invaziv va regenerativ strategiyalarga o‘tish jarayoni ta’kidlangan.
Shuningdek, tasvirlash aniqligi va biologik tiklash texnologiyalarini integratsiyalashning kelajak
istigbollari ko‘rsatildi.

Kalit so‘zlar: anal fistula, fistulous paraproctitis, minimal invaziv jarrohlik, sfinkterni saqlash
usullari, regenerativ terapiya, stem hujayra terapiyasi, fibrin glue, MRI, endoanal ultratovush,
qaytalash

OB30P COBPEMEHHbBIX MUHUMAJIbHO UHBA3UBHBIX U PETEHEPATUBHbBIX
METOJOB JIEHEHH S CBULLIEBOI'O ITAPAITPOKTUTA (OB30OP JIMTEPATYPbI)
AHHOTANUA

CBHILIEBO# TapanpoKTUT (aHATBHAS (PHUCTYIa) — XPOHUYIECKOE aHOPEKTAIbHOE 3a00JIeBaHuE,

Xapakrepusytomieecs: (POpMHUPOBAHUEM MATOJIOIMUYECKOTO KaHalla, COSIMHSIOMIEr0 aHABHBINA KaHa
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WIA TPSAMYIO KHIIKY C KOKEH INepuaHalbHOW obnactu. 3abosieBaHME 3HAYMTENBHO YXY/IIAeT
Ka4eCTBO JKU3HU TAIMEHTOB H3-3a OOJIM, BBIICIICHWA W pHUCKa pernuanBa. Hacrosmmii 00630p
MPEACTaBISAET COOON KOMIJIEKCHBIM aHATN3 CUCTEM KilacCH(DHUKAIIMK, TUAaTHOCTHYECKUX TIOIXO/I0B, a
TaKKe TPAJAUIIMOHHBIX ¥ COBPEMEHHBIX METOJI0OB JIEUEHMSI aHAJIbHBIX cBHILEH. COBpEMEHHBIE METO/IBI
BU3yann3auuy, Bkimoyas MPT u sHIOaHaJIBHBIM yIBTPa3ByK, YAYYIIMIU IPEIONEPALUOHHYIO
OLICHKY U IUIAHMPOBAHME XHUPYPTHUYECKOrO BMEUIATENBbCTBA. XHUPYPIHUECKOE JICYEHHE OCTAETCs
OCHOBHBIM METOJIOM TE€paluu, MpU ATOM IMOAXOAbI C coXpaHeHHeM chuHkrepa, Takue kak LIFT,
VAAFT u advancement flaps, HampaBieHsl Ha OallaHC MEXAY 32)KHBICHHEM W COXPaHCHHEM
KOHTpOJISL HaJl fedeKanuei.

B crarbe 0000mIeHa M KPUTHUYECKH IIPOAHAIM3MPOBAHA COBPEMEHHAs JIMTEparypa IIo
JTHOJIOTMH, JUAarHOCTUKE U METONAM.JICUSHNS aHAJIBHBIX CBIHICH, C aKIIEHTOM Ha IIEPEXO0Jl OT YUCTO
XUPYPrUUECKUX IOIX00B K MHUHUMAalIbHO., MHBA3UBHBIM M, pereHepaTUBHBIM CTpaTrerusiM. Tawoke
MIPEICTABICHBI MEPCIEKTHBBL UHTCTPANNUN TOUHOW-BU3YAIM3AMUN €, OMOTOTHYECKUMU METOAAMU
BOCCTaHOBJICHUS.

KiroueBble ci10Ba: aHalbHas (QUCTyla, CBULICBOM MapaNpOKTHT, MAHUMAIbHO HHBA3UBHAsS
XUPYpPrusi, METOABI C/COXpaHeHlieM COUHKTEpa, pereHeparuBHas Te€pamus, Tepanus CTBOJIOBBIMU
KJIeTKaMu, GuOpuHOBBIN Kjie¥; MPT, sHI0aHAIHas: YIIBTPACOHOT padsi, pSIUINB

Introduction

Anal fistula (fistulous paraproctitis) is @ common chronic proctological disorder characterized
by the formation of'a pathological tract connecting the lumen of the rectum or anal canal with the
perianal skin (Owen et al:y2016). The disease is accompanied by local pain, inflammation, purulent
discharge, and, in some cases, fecal incontinence, all of which significantly reduce patients’ quality
of life (Garcia-Olmo et'al., 2019; Sarveazad et al., 2022). Overally patients with anal fistula exhibit
lower quality-of-life indicators compared with population“normsi(Ferrer-Marquez et al., 2017).
According to standardized questionnaires, the. median quality-of-life scores correspond to a moderate
negative impact on daily activities (Ferrer-Méarquez et al., 2017).

Epidemiological studies show that the prevalence of anal fistulas in Europe is 1.69 per 10,000
population (Garcia-Olmo et al., 2019), and globally around 18.37 per 100,000 individuals (Sarveazad
et al., 2022). Although the disease can be classified as rare (less than 5 cases per 10,000 population),
its clinical significance remains high (Garcia-Olmo et al., 2019). In the United Kingdom,
approximately 5,000 patients undergo surgical treatment for anal fistulas annually, and considering
recurrences, the incidence reaches about 1:10,000 (Owen et al., 2016). The main etiological factors
include cryptoglandular infection and Crohn’s disease (Garcia-Olmo et al., 2019).

Surgical intervention remains the cornerstone of treatment for fistulous paraproctitis, yet it
poses significant challenges. On one hand, fistulotomy is the most effective radical method for
eliminating the fistula, but the risk of postoperative incontinence ranges from 4% to 62% (Visscher
et al., 2015). On the other hand, for high or complex fistulas, sphincter-preserving techniques such as
advancement flap or core fistulectomy are preferred (Visscher et al., 2015). Therefore, a key challenge
in modern proctology is to achieve an optimal balance between surgical efficacy and preservation of
anal sphincter function (Owen et al., 2016).
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In conclusion, fistulous paraproctitis is a disease with a pronounced impact on patients’ quality
of life, a high recurrence rate, and a risk of complications. These factors underscore the need for
further research aimed at improving diagnostic and therapeutic approaches.

Anatomy and Cryptoglandular Origin

Perianal abscesses and fistulas are considered the acute and chronic manifestations of the same
pathological process — infection of the anal glands (Whiteford, 2007). These glands, typically
numbering up to ten, are situated at the base of the anal crypts around the dentate line, equally
distributed circumferentially (Gosselink et al., 2015). While most glands are confined to the
submucosa, approximately 20% penetrate the internal sphincter, though rarely extending into the
external sphincter (Sugrue et al., 2017):

According to the cryptoglandular hypothesis, first propesed by Parks in 1961, obstruction
of the proctodeal glands and.their ducts initiates-the-process of abscess formation (Wtodarczyk et al.,
2021). The obstruction —often‘'secondary to fecalinmaterial orlocal trauma «~— leads to stasis, bacterial
overgrowth, and subsequent-abscess formationswithin the intersphincteric groove (Whiteford, 2007).
Depending on the route/of extension, these abscesses may track downwardto form perianal abscesses,
laterally through the external sphincter to the ischiorectal fossa, or superiorly toward the supralevator
space (Whiteford, 2007);

When the abscess drain$ spontaneously or surgically,, persisténce of septic foci and
epithelialization of the draining tract may occur, giving rise to'a.chronic fistula-in-ano — the chronic
phase of perirectal sepsis (Whiteford, 2007; Gosselink et al., 2015).

Pathogenesis in Crohn’s Disease-Related Fistulas

While the cryptoglandular pathway accounts for approximately 90% of cases, about 10% of
perirectal abscesses arise from alternative etiologies such as Ctohn’s disease (CD), trauma, HIV
infection, sexually transmitted diseasess.radiation therapy,.otforeign bodies (Whiteford, 2007). In
Crohn'’s disease, fistulization'occurs as.a consequence of mucosalinflammation leading to epithelial
defects. These defects allow microbial antigens to; penctrate the lamina propria and trigger cytokine-
mediated cascades involving TNF-o, TGE-f, IL-13, and MMPs (Haddow et al., 2019). The resulting
epithelial-to-mesenchymal transition (EMT) promotes cell migration and invasion, ultimately
producing a fistulous tract lined by transitional cells. This mechanism underscores the immunological
and molecular differences between cryptoglandular and Crohn’s-related fistulas.

Histological and Molecular Features

Histologically, anal fistulas share a common architecture: a central fissure that penetrates
through the lamina propria and muscularis mucosae, often lined by granulation tissue rich in
histiocytes and neovascularization (Bataille et al., 2004). Epithelialization of the fistulous tract —
observed in approximately one-third of cases — contributes to persistence and recurrence (Gosselink
et al., 2015).

On a molecular level, matrix metalloproteinases (MMPs) facilitate extracellular matrix
degradation and promote fistula progression (Wtodarczyk et al., 2021). Immune infiltration varies
depending on etiology: CD-associated fistulas show T-cell and B-cell predominance, while
cryptoglandular fistulas contain mainly CD68-positive macrophages (Bataille et al., 2004). Even in
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the absence of live bacteria, bacterial remnants such as peptidoglycan can sustain inflammation via
IL-1PB secretion (Wlodarczyk et al., 2021).
Role of Microbiota

The proximity of the anorectal region to the intestinal microbiome highlights the microbial
contribution to fistula development. The presence of gut-specific bacteria, notably E. coli, in anorectal
abscesses predicts fistula formation (Sugrue et al., 2017; Dowling Enez & Izarra Henriquez, 2020).
Polymicrobial infections involving Klebsiella pneumoniae, E. coli, and Enterococcus faecalis
correlate with complex, high-level fistulas (Dowling Enez & Izarra Henriquez, 2020).

Recent metagenomic studies suggest that microbial communities in anal fistulas may originate
both from intestinal and skin sources, indicating a mixed microbial etiology (Yang et al., 2024). This
dual origin provides new insight into.chreni€ity and récurrenee mechanisms.Classification of Anal
Fistulas.

Traditional-Systems

The classification/of anal fistulas serves as a guide for determining treatment strategies and
predicting outcomes regatding recutrence and ¢ontinence (Idris, Abdalla, & Hamza, 2015). The most
widely used system is/the- Parks classification (1976), which catcgorizes fistulas based on their
relationship to the anal sphincter complex: intersphincteric, transsphincteric, suprasphincteric,
and extrasphincteric types (Whiteford, 2007). This system remains clinically valuable because it
allows prediction of the continence risk associated with fistulotomy (Idris, Abdalla, & Hamza, 2015).

Fistulas with tracts confined below the dentate line are‘considered low, while those traversing
more than 30-50% of the external sphincter or located above are high fistulas (Wtodarczyk et al.,
2021). In addition, Goodsall’s'rule provides a simple correlation between the ‘external and internal
openings based on their position relative to the anal verge (Whiteford, 2007).

Simple vs. ‘Complex Fistulas

Fistulas are broadly classified as.simple or complex; depending on anatomical and clinical
factors. Simple fistulas have\low tracts without abscesses or secondary openings, whereas complex
fistulas involve high tracts, multiple openings, associated abscessesS, or conditions such as Crohn’s
disease, previous irradiation, or “incontinence (Whiteford, 2007; Kotze et al.,, 2018).

This distinction is critical since complex fistulas carry a higher risk of recurrence and
postoperative incontinence, requiring sphincter-sparing approaches.

Advancements and Comparative Systems

Since the original Parks classification, several refinements have emerged. The St. James
University Hospital (SJHU) classification (2000) utilized MRI findings to define five grades of
fistulas, improving anatomical precision (Garg, 2017). Subsequently, the Standard Practice Task
Force (SPTF) (2005) introduced a more pragmatic system dividing fistulas simply into “simple” and
“complex” types based on continence risk.

However, both systems were limited in predicting surgical feasibility and postoperative
outcomes. Addressing these gaps, Garg (2017) proposed a five-grade classification integrating MRI
and operative data from 440 patients. Grades I and II represent simple fistulas amenable to
fistulotomy, whereas Grades III-V correspond to highly complex fistulas requiring sphincter-sparing
procedures. Unlike previous purely anatomical systems, Garg’s model incorporates outcome-based
validation, improving predictive accuracy for surgical planning.
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Regional variations also exist: while the Parks classification predominates in Western
countries, the Sumikoshi classification is commonly employed in Japan (Yamana, 2018). Recent
approaches further incorporate high-resolution imaging modalities such as ultrasound, CT, and MRI
to provide enhanced anatomical detail and guide personalized surgical management (Yamana, 2018;
Sohrabi et al., 2024).

Traditional Surgical Management

The management of fistula-in-ano has historically relied on traditional surgical approaches
aimed at complete eradication of the fistulous tract while preserving sphincter function. Among these,
fistulotomy and fistulectomy remain the cornerstone procedures, with adjunctive methods such as
seton placement and endorectal advancement flap being reserved for more complex or high-lying
fistulas (Abcarian, 2011; Ommer et al«"2012; Parks, 1976).

Fistulotomy.

Fistulotomy is considered the-simplest.and-most effective surgical option for low and simple
fistulas, with reported healing rates 0f-90—100% (Vasilevsky~& Gotdon, 1984; Zanotti et al., 2007).
The technique involves laying ‘open the tractyallowing it to heal by secondary intention. Its main
limitation lies in the jpotential risk of postoperative fecal incontinence«due to sphincter division,
particularly in transsphincteric or suprasphincteric. fistulas (Garg, 2017).. Despite this, numerous
studies have shown' that-when performed in_appropriately selected patients—typically those with
intersphincteric or low transsphincteric tracts=—the functional outcome is excellent, with minimal
impairment of continence (Ratto et al., 2015).

Fistulectomy

Fistulectomy ‘entails complete excision of the fistulous tract: While this technique ensures
thorough removal of grantlation\tissue and potential epithelial remnants, it is associated with longer
healing times and a higher fisk of sphincter injury compared tofistulotomy'(Vasilevsky & Gordon,
1984; Ratto et al., 2015). 'Some comparative studies report.that fistulectomy provides no significant
advantage over fistulotomy in terms of recurrence but.catries a higher-morbidity burden (Zanotti et
al., 2007). Consequently, its use has gradually declmed and is currently recommended only in cases
where malignancy or epithelialization within the tract is suspected (Ommer et al., 2012).

Seton Placement

For high or complex fistulas where direct fistulotomy would compromise continence, seton
placement remains a valuable sphincter-preserving strategy. A seton—usually a surgical thread,
rubber band, or vessel loop—is inserted through the fistula tract to maintain drainage and prevent
premature closure of the external opening. Two main variations exist: the cutting seton and the
draining seton. The cutting seton gradually divides the sphincter muscle while inducing fibrosis,
allowing controlled healing and minimizing the risk of incontinence (Garg, 2017; Ratto et al., 2015).
Conversely, the draining seton is often used as a temporizing measure prior to definitive surgery in
patients with active infection or multiple tracts. Although effective in preserving continence, seton
techniques may require multiple procedures and prolonged healing time, which can impact patient
comfort and compliance (Abcarian, 2011).

Advancement Flap Procedures

Endorectal or advancement flap procedures represent another important traditional approach,

particularly for high transsphincteric and suprasphincteric fistulas where sphincter preservation is
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paramount. The technique involves curettage of the fistulous tract, closure of the internal opening,
and advancement of a well-vascularized rectal or anodermal flap to cover the defect (Ommer et al.,
2012). Healing rates vary between 60% and 80%, depending on surgeon experience and fistula
complexity (Ratto et al.,, 2015). The main limitations include the potential for flap necrosis,
recurrence, or postoperative sepsis. Nevertheless, advancement flap repair remains an important
option for patients unsuitable for more invasive sphincter-dividing techniques.

Summary

Traditional surgical methods, while highly effective in achieving fistula closure, remain
limited by the balance between recurrence prevention and continence preservation. The challenge of
minimizing postoperative incontinence without compromising healing has driven the evolution of
newer minimally invasive and regenerative techniques;which.aim to achieve equivalent or superior
healing outcomes with reduced morbidity (Garg, 2017; Ratto et al.,2015).

Minimally Invasive & Sphincter-Saving Techniques

The optimal surgical approachfor anal fistula aims, to efadicate sepsis, achieve durable
healing, and maintain anal continence. Conventional operations, such as‘fistulotomy, are effective for
simple and low-lying/fistulas but can jeopardize sphincter integrity in high or complex tracts that
cross a substantial portion of the external sphincter-or occur in patients with pre-existing incontinence.
Consequently, the pursuitiof definitive yet function-preserving procedures has driven the evolution
of multiple sphincter-sparing techniques' (Limura & Giordanoy, 2015; “Adegbola et al., 2017).
Preoperative anal manometry can further guide management;as patients with low resting or squeeze
pressures benefit more from sphincter-preserving rather than sphincter-dividing interventions
(Khafagy et al., 2010).

Endorectal Advancement Flap Repair (EAFR)

The endorectal ‘advancement flap repair (EAFR) is on€/ofithe earliest sphincter-sparing
procedures and remains a‘well-established standard for high“or'complex fistulas (Uribe et al., 2007,
Sileri et al., 2011). The technique dnvolves excision.of the internal opening and advancement of a
mucosal-submucosal flap to close the defect securely without dividing the external sphincter (Uribe
et al., 2007). Although conceptually sound, clinical outcomesvary widely. Reported recurrence rates
range from 7% to 49%, and minor to moderate postoperative incontinence may occur in up to one-
third of patients (Jiang et al., 2017; Limura & Giordano, 2015; Song, 2012). Manometric assessments
have confirmed significant reductions in both maximum resting and squeeze pressures
postoperatively (Uribe et al., 2007; Khafagy et al., 2010). Despite these limitations, EAFR still
provides a reasonable balance between healing and functional preservation, with pooled healing rates
around 60-65% (An et al., 2023).

Ligation of the Intersphincteric Fistula Tract (LIFT)

Introduced by Rojanasakul in 2007, the ligation of the intersphincteric fistula tract (LIFT)
procedure has gained widespread adoption due to its simplicity, reproducibility, and continence-
preserving nature (Sileri et al., 2011; Limura & Giordano, 2015). It involves identification of the tract
within the intersphincteric plane, secure ligation near the internal sphincter, and removal of infected
tissue without sphincter division (Song, 2012). This minimally invasive design limits tissue trauma
and shortens recovery time. A systematic review reported a mean success rate of approximately 75%,
with minimal risk of continence disturbance (Limura & Giordano, 2015). A biologically reinforced
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modification, Bio-LIFT, incorporates a bioprosthetic graft within the intersphincteric space,
enhancing mechanical support and potentially improving long-term outcomes. Ellis reported a 94%
healing rate after Bio-LIFT at 12 months of follow-up (Ellis, 2010).
Endoscopic and Energy-Based Approaches

The recent decade has witnessed an expansion of endoscopic and energy-based therapies,
emphasizing tract obliteration under direct visualization. The Video-Assisted Anal Fistula Treatment
(VAAFT), introduced by Meinero and Mori in 2006, integrates diagnostic and therapeutic phases
using a fistuloscope to visualize the internal opening and tract (Meinero & Mori, 2011; Adegbola et
al., 2017). Fistula walls are destroyed via diathermy and the internal opening is closed by sutures,
staples, or flaps. VAAFT offers high diagnostic precision and minimal sphincter injury, with reported
success rates between 66% and 87%.and-negligible incontinence (Jiang et al., 2017). However, the
need for specialized equipment and€ost constraints limit its accessibility (Limura & Giordano, 2015).

Fistula Laser Closuré(FiLaC) — also-known as Endofistula\Laser Ablation (EFLA) —
employs a 1470-nm radial laser fiber'to ablate_ the fistulasepithelinm and promote tract fibrosis
(Wilhelm, 2011; Wilhelm et ali, 2017). The method may be combined with closure of the internal
opening using a flap./FiLaC achieves moderate primary healing rates (60—70%) but demonstrates
higher cumulative success/(up to 88%) after repeat sessions, with\minimal ‘risk of incontinence
9Wilhelm et al., 2017). Nevertheless, it remains a “blind” technique, lacking direct visualization of
secondary tracts (Limura & Giordano, 2015).

Novel Sphincter-Preserving Devices

Mechanical closure systems, such as the ‘Over-the-Scope Clip (OTSC®), apply a shape-
memory alloy clip tothe internal opening to achieve continuous compression and closure (Adegbola
et al., 2017). The method is-cntirely sphincter-sparing and may be combined with debridement of the
tract. However, outcomes femain inconsistent, with reported suecess ranging from 20% to 79%,
depending on fistula complexity.and eperator experience (Adegbolact al.42017).

Regenerative and Emerging Therapies

Recent years have witnessed the growing application of regenerative and biologically based
techniques in the treatment of anal fistula, aiming to enhance-h€aling, reduce recurrence, and preserve
sphincter function. Conventional surgical methods often fail to achieve complete closure while
maintaining continence; thus, regenerative tools such as fibrin glue, biologic and synthetic plugs, and
stem cell-based therapies have emerged as promising alternatives (Scoglio, Walker, Fichera, 2014).

Fibrin and Biologic Glues

Fibrin glue, first introduced by Hjortrup et al. in 1991, represents one of the earliest minimally
invasive biological approaches. It is injected into the fistulous tract after curettage, where it
polymerizes to create a matrix that promotes collagen deposition and fibroblast migration, facilitating
tissue healing. Various formulations—such as autologous cryoprecipitate, reconstituted bovine
thrombin, and donor plasma—have been tested to improve seal durability. The BioGlue surgical
adhesive, composed of purified bovine serum albumin and glutaraldehyde, offers a stronger and more
persistent bond, maintaining integrity for up to two years (Scoglio, Walker, Fichera, 2014). Despite
variable success rates, fibrin-based therapies remain attractive due to their safety, simplicity, and
sphincter-preserving nature.

Fistula Plugs and Bio-LIFT
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The concept of fistula closure using biologic plugs was introduced in 2006 by Robb et al. and
Johnson et al., who proposed sealing the internal opening without sphincter division. The Surgisis
anal fistula plug, composed of lyophilized porcine small intestinal submucosa, acts as a scaffold for
host cell infiltration and tissue remodeling within three months. Synthetic variants such as the GORE
BIO-A plug, made from bioabsorbable PGA/TMC copolymers, provide a porous, interconnected
matrix that gradually degrades, leaving behind native tissue regeneration (Scoglio, Walker, Fichera,
2014; Kockerling et al., 2015).

Further evolution of the LIFT technique has led to the Bio-LIFT procedure, in which a
bioprosthetic material reinforces the intersphincteric closure, enhancing mechanical support and
reducing recurrence. Han et al. later proposed a hybrid LIFT-plug technique that combines the
benefits of both methods (Scoglio, WalkeryFichera, 2014).

Studies comparing biolegic plugs imade of porcine submucosa, human acellular dermal
matrix, and synthetic bioabsorbable. polymers—-demonstrate’ comparable success rates, typically
ranging from 50% to 75%/depending on"complexity and priominterventions,(Kockerling et al., 2015).
Autologous cartilage plugs derivedfrom nasal.or auricular tissue*have also shown encouraging early
results in refractory cases.

Stem Cell-Based and.Cellular Therapies

Stem cell therapy, represents one of the most exciting frontiers in fistula management.
Expanded adipose-derived stem cells (eADSCs) can jbe easily harvested via liposuction and exhibit
anti-inflammatory and pro-regenerative effects when injected ito fistulous' tracts. Multicenter
randomized controlled trials have demonstrated that eADSC therapy promotes durable closure in
cryptoglandular, Crohn’s-related, and rectovaginal fistulas (Garcia-Olmo et al., 2009).

Similarly, bone marrow—~derived mesenchymal stromal cells (MSCs) and fibroblast-based
approaches have shown,potential.in refractory Crohn’s fistulas.EXperimental use of collagen paste
loaded with cultured autologous fibroblasts resulted in complete histological healing in pilot studies,
indicating that combining scaffolds with viable cells.ean enhance regenerative potential (Scoglio,
Walker, Fichera, 2014).

Imaging-and Preoperative Evaluation

Anal fistula remains a common and challenging condition with a high recurrence rate, often
resulting from undetected secondary tracts or residual infection despite adequate surgery (Halligan,
2006). The cornerstone of successful management lies in precise preoperative evaluation. Surgeons
must answer two critical questions before intervention:

1. What is the exact relationship of the fistula tract to the anal sphincter complex, and can it be
safely divided without risking postoperative incontinence?

2. Are there secondary extensions that require treatment to prevent recurrence, and where are they
located? (Halligan, 2006).

Traditionally, examination under anesthesia (EUA) was considered the diagnostic standard.
However, modern evidence highlights the importance of preoperative imaging in identifying occult
sepsis that would otherwise remain undetected (Halligan, 2006). Accurate preoperative mapping
correlates strongly with improved surgical outcomes, better sphincter preservation, and reduced
recurrence rates (Han, 2021).

Evolution of Imaging Modalities
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Fistulography and Computed Tomography (CT)

Fistulography was historically the first imaging technique applied to anal fistulas (Halligan,
2006). Yet, it presents major limitations: secondary tracts may not opacify, the sphincter complex
cannot be directly visualized, and the internal opening is often difficult to localize. In one study, the
internal opening and its branches were correctly demonstrated in only 16% of cases (Halligan, 2006).
Consequently, fistulography is now considered obsolete (Han, 2021).

CT imaging, particularly with rectal and intravenous contrast, may visualize associated
abscesses but lacks the soft-tissue resolution needed to delineate sphincter anatomy or classify fistula
types (Halligan, 2006). Recent advances in CT image processing using deep learning algorithms have
shown potential to improve diagnostic precision (Han, 2021).

Endoanal Ultrasonography (EAUS)

Developed by Clive Bartram, EAUS ‘was the first modality“to provide detailed visualization
of the anal sphincter complex (Halligan; 2006)..Itremains widely used for preoperative classification
and is particularly effectiyefor identifying the internal opening, which typically lies close to the probe
surface.

However, traditional EAUS 'has inherent limitations: restricted penetration beyond the
external sphincter limits visualization of ischioanal.and supralevator infections, and infection cannot
be reliably distinguishedfrom fibrosis, as both appear hypoechoic (Halligan, 2006).

These drawbacks are partly overcome by contrast enhancement techniques using hydrogen
peroxide (H20:) or microbubble ultrasound contrast agents introduced through the external opening
during examination (Halligan, 2006; Han, “20271). “H.O2-enhanced EAUS| produces a bright
hyperechoic image of the-fistula tract and is a safe, inexpensive, and effective method for delineating
its anatomy (Han, 2021).

A newer approach; trans-fistulous contrast-enhanced’ @endoanal/ ultrasonography (TF-
CEEAUY), utilizes acoustic scattering ftom microbubbles.to increase contrast between lesions and
surrounding tissue. Studies show that TF-CEEAUS provides superior diagnostic accuracy for internal
openings located within 3 cm of.the anal verge compared with MRI (Han, 2021). Overall, EAUS
achieves approximately 81% accuraCy-for identifying the-main tract and 91% for detecting the
internal opening (Halligan, 2006).

Magnetic Resonance Imaging (MRI)

Magnetic resonance imaging has emerged as the gold standard for preoperative classification
of anal fistulas (Halligan, 2006). MRI’s success stems from its excellent soft-tissue contrast, high
sensitivity for sepsis detection, and multiplanar capabilities in anatomically relevant planes.

Key advantages of MRI include:

e Detection of hidden sepsis and secondary tracts: MRI surpasses all other techniques,
including EUA, in identifying remote infection foci, a critical factor in preventing recurrence
(Halligan, 2006).

o High diagnostic accuracy: Comparative studies report ~90% accuracy for overall fistula
classification, outperforming EAUS (81%) and digital rectal examination (61%), with 97%
accuracy in locating the internal opening (Halligan, 2006).

o Impact on surgical strategy: MRI findings frequently alter operative planning and
significantly reduce recurrence risk—up to 75% in complex cases (Halligan, 2006).
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For optimal imaging, T2-weighted fat-suppressed sequences should be used to differentiate
hyperintense fluid-filled tracts from hypointense fibrotic walls, while ensuring visualization of
sphincter anatomy. Proper alignment of axial, coronal, and sagittal planes relative to the anal canal is
crucial; coronal images are particularly valuable for distinguishing supralevator from infralevator
disease (Halligan, 2006).

Role of Imaging in Surgical Planning

Given the strong evidence that MRI improves surgical planning and clinical outcomes, it
should be routinely performed in recurrent or complex cases and in patients with Crohn’s disease
(Halligan, 2006). When MRI is unavailable or interpretation expertise is limited, EAUS represents a
viable alternative, particularly effective for localizing the internal opening and monitoring medical
therapy in Crohn-related fistulas (Halligan;2006).

Conclusion

The modern approach'to the treatment of-anal-fistula is based on precise preoperative imaging
and the implementation ef‘minimally-invasive and regenerative téchnologies aimed at preserving
sphincter function and teducing /the risk of recurrence. MRI, and. contrast-enhanced endoanal
ultrasonography provide high diagnostic accuracy, allowing surgeonscto thoroughly assess the
anatomy of the fistulous tract and select the optimal surgical strategy. Minimally invasive methods,
including LIFT, VAAFTFillaC, and other sphincter-sparing techniques, have proven effective in
eliminating fistulas with minimalissue trauma and a/low rate of pestoperative incontinence.

In parallel, regenerative approaches are actively developing, including the use of biomaterials,
tissue matrices, fibrin glues, cellular technologies, ‘and growth factors that promote natural tissue
repair and increase the likelihood of complete healing without compromising anal function. Despite
the variability of results and the absence of a unified standard, the accumulated data demonstrate the
high potential of combining bioengineering and minimally invasive' methods/as a new direction in the
treatment of anal fistula.

Further research should focus on the standardization of protocols, optimization of cell and
biomaterial delivery methods, “and long-tetm 'evaluation-of clinical outcomes to improve the
effectiveness of therapy and enhance patients’ quality of life:
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