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ARTICLE INFO ABSTRACT

Keywords: Tissue engineering is a promising field for treating various diseases using tissue-like structures generated through
Biomaterials biomaterials, scaffolds, nanoparticles, biomolecules, and stem cells. This advanced method is considered one
Nanotechnology

of the next-generation therapeutic techniques that may solve the therapeutic challenges in treating perianal
fistula based on seton therapy. Remarkable advances in stem cell biology, genetics, biomaterials, fabrication
technologies, and nanotechnology have provided the opportunity to implement this multidisciplinary approach
to repair damaged tissue in the seton-based fistula treatment. In addition, tissue engineering provides us with
nanostructured biomaterials to fabricate setons that can act as scaffolds, with modified mechanical and biologi-
cal properties such as antibacterial and anti-inflammatory. This review focuses on the applications, advantages,
and future perspectives of tissue engineering to enhance the seton placement techniques and present a novel
therapeutic solution to treat perianal fistula. In addition, in vivo and in vitro studies about implementing tissue
engineering in the treatment of perianal fistula are reported in this study. Also, it summarizes the surgical pro-
cedures for the treatment of fistula, including Ligation of the Intersphincteric Fistula Tract (LIFT), Fistula Laser
Closure (FiLaC™), Over-The-Scope Clip System (OTSC), Video-assisted anal fistula treatment (VAAFT), Anal fis-
tula plug (AFP), and Rectal advancement flap (RAF). Furthermore, the applications and properties of different
setons including, cutting setons (Penrose drains, rubber band, polypropylene, and silk), non-cutting setons (loose,
knot-free, Comfort, and Super Seton®), and chemical setons (Ksharasutra) are described. In the end, we present
the challenges and future trends of implementing tissue engineering technology in the seton-based therapy for
the treatment of perianal fistula.

Perianal fistula
Tissue engineering
Stem cells

1. Introduction engineering, various biocompatible scaffolds with controllable mechan-

ical properties can be designed and fabricated for fistula healing [5,6].

Seton placement is a well-established treatment in patients with peri-
anal fistula that can assist drainage or closure of the fistula [1]. Various
setons, including chemical, cutting, and comfort, have been developed
during the past decades. However, the success rate in patients with com-
plicated diseases, such as complex fistulas, significant tissue loss, inflam-
matory bowel disease (IBD), and drug resistance cases, is not desirable,
compromising tissue repair in most cases [2,3]. The seton replacement
method can be combined with regenerative medicine approaches, such
as stem cell therapy and tissue engineering, making it a practical and
innovative approach for treating perianal fistula [4]. In terms of tissue

Besides, it can accelerate the regeneration of damaged tissues in peri-
anal fistulas using stem cell-based therapeutic methods [7,8]. Therefore,
the expansion and development of regenerative medicine, especially tis-
sue engineering in seton-based fistula therapy, can lead to establishing
advanced multidisciplinary therapeutic methods.

A point that has not been well addressed in previous studies is the
fact that morphology, structure, and biomaterial of seton need to be
improved to enhance the performance of seton in fistula repair [9,10].
The concept of using seton in the perianal fistulas is a thread acting as
a foreign body, exerts pressure on the sphincter, causing the sphincter
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to cut off and interiorize the fistula tract gradually [11]. Seton can be
categorized into cutting and draining ones, as cutting seton externalizes
trans-sphincteric fistula tracts and draining seton controls sepsis within
fistula tracts [12]. Hippocrates first used seton for treatment of perianal
fistula with twined horsehair 400 years BC [13]. Later it became a treat-
ment method for high fistula when simple procedure such as lay open
fistulotomy was not applicable [14]. In the past decades, various types
of setons, such as nylon, silk, rubber, loops, and comfort setons, have
been developed and implemented to treat patients [15,16]. Recently,
new materials such as silicone and nylon were used, which has only pro-
vided advantages in terms of patient comfort, but none of them changed
the course of treatment and did not positively affect tissue repair [17].
Accurate diagnosis of the lesions by surgeons is the primary essential
step as it dictates consequent drainage of the abscesses and placement
of non-cutting setons to prevent the recurrence of abscess formation.
However, setons are unlikely to be sufficient to heal the lesion, and only
20% of loos-seton-treated fistulas have been shown to improve after ten
years [18]. Furthermore, this approach has a high recurrence and fecal
incontinence rate as it mandates extensive surgical procedures in some
cases [19]. On the other hand, cutting setons in complex perianal fistula
can damage continence musculature [20].

Tissue engineering has led to progress in treating complex colorectal
fistulas [21]. The goal of tissue engineering is to repair or improve the
function of damaged tissue. In this approach, scaffold materials, cells,
engineering methods, physiological and biochemical agents, or combi-
nations are used to generate the target tissue [22]. In this regard, the
scaffolds, patches, or matrixes designed for colorectal tissue should pre-
vent leakage of the luminal content into the abdominal cavity, be antimi-
crobial, nontoxic, suturable, and biodegradable [23]. One of the critical
requirements of these scaffolds is their antimicrobial property because
the colorectal tract is contaminated with bacteria [24]. It has been pro-
posed that the patches and scaffolds designed might harbor paracrine
effect and induce anti-inflammatory and immune-regulatory properties
with subsequent accelerated healing because of mesenchymal stem cells
added [25].

It is hypothesized that materials used in scaffolds and paracrine ef-
fects of stem cells can positively interact with the tissue microenviron-
ment to fill the damage and facilitate the induction of regeneration and
healing [26-28]. To date, various methods and structures have been
used to make proper scaffolds for tissue engineering, including electro-
spinning, microfabrication, nanoparticles (NPs), and lithography [29].
These scaffolds must have various properties to be used, including the
surface characteristics to provide appropriate adhesion and proliferation
of stem cells, biocompatibility, low immunogenicity, and an intercon-
nected pore network for flow transport and cell growth [30-32]. These
methods and structures for scaffold fabrication and the use of stem cells
showed to be promising to improve the seton application and solve the
challenges in surgery and the healing process [33]. This study aims to
review the recent advancement in seton efficacy in treating perianal fis-
tula regarding tissue engineering.

Tissue engineering can increase treatment efficiency and tissue re-
generation in perianal fistulas [34]. This interdisciplinary field consists
of three main elements, scaffolds, stem cells, and biological cues that
can enhance seton application in different strategies. From a biomate-
rial point of view, scaffolds can be synthesized by nano/microfabrication
techniques, with different morphologies, topographies, and mechanical
properties mimicking the native tissue extracellular matrix that can be
implemented as setons new generation of intelligent setons [35,36]. In
addition, these engineered scaffolds can improve other properties of se-
tons in terms of mechanical characteristics, high biocompatibility, an-
tibacterial property, anti-inflammatory behavior, and intelligent drug
delivery properties [37-39]. On the other hand, scaffolds can play as
vectors to boost the proliferation of stem cells in the fistula that dra-
matically increase the efficacy of cell therapy, leading to increased re-
generation [40,41]. Therefore, different scaffolds, stem cell sources,
and biological cues can be implemented to engineer tissue-like struc-
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tures for repairing different forms of perianal fistula [42,43] (graphical
abstract).

This study presents an updated review of seton placement therapy
in the treatment of perianal fistula. Initially, we summarized the patho-
physiology of the perianal fistula and mentioned the routine surgical
procedures. Next, the efficiency of the tissue engineering approach and
recent reports in this area has been discussed. Finally, this combination
of therapeutic methods has been argued about the challenges, advan-
tages, suggestions, and perspectives.

2. Pathophysiology of perianal fistula

The term fistula determines an abnormal communication between
the anorectal tract and the perineal soft tissue. Its incidence varies be-
tween 2 cases per 10,000 population per year to 9 per 100,000, and it
affects men more than women, with a peak incidence between the age
of 20 and 40 years [44,45]. Although fistula rarely has life-threatening
consequences, it can be debilitating and socially embarrassing, signif-
icantly impacting patients’ quality of life because of pain, discharge,
recurrent abscess formation, sphincter, and perianal tissue destruction
[46-48]. In most cases, a fistula presents de novo without any previ-
ously known disease, but it proceeds a previous anorectal abscess in
about 30-50% of cases. The commonly used classification system for pe-
rianal fistula is Parks’ classification which proposes four different types
of perianal fistula based on the relationship between the primary fistula
tract and the sphincter, including submucosal; inter-sphincteric; low
trans-sphincteric (involving less than 30% of the external anal sphincter
(EAS), high- transsphincteric (with more than 30% of EAS involved,)
supra-sphincteric and extra-sphincteric. [49]. Simply a fistula can be
categorized into simple or complex. The simple fistula is considered a
Single inter-sphincteric or low trans-sphincteric tract without branching
of the tract. The complex fistulas include high trans-sphincteric, supra,
and extra-sphincteric fistulas, branched fistulas having multiple open-
ings, and horseshoe fistulas(originating from the deep post-anal space
extending to left and right ischio-rectal spaces) [50]. Also, low fistulas
in high-risk patients at risk of incontinency (such as recurrent fistulas)
are considered complex fistulas [51] patient-specific conditions such as
IBD, malignancy, incontinence, chronic diarrhea, or previous irradiation
can also make a fistula to be complex [18].

3. Advanced surgical procedures for perianal fistula

Historically, it was believed that surgical methods are the only way
to treat perianal fistula. The goal of the fistula treatment is to elimi-
nate the tract and achieve low recurrence rates while causing the least
possible impact on continence. The oldest treatment applied is seton
placement [12]. In endo-rectal advancement flap techniques, complete
excision of the tract and the subsequent defect with a raised rectal mu-
comuscular flap is performed. The technique in which the fistula tract
lays open is called fistulotomy [52]. The addition of marsupialization
has expedited healing times in select series. During fistulectomy, com-
plete excision of the fistula tract is done. The difference between fis-
tulotomy and fistulectomy is the size of the wound created, which is
larger in the fistulectomy procedure leading to prolonged healing time
and subsequent complications of an open wound [12]. Marsupialization
showed to fasten the healing process in some researches. The most com-
mon and easiest method is fistulotomy which is not recommended for
complex fistula due to the high risk of recurrence, injury to the sphinc-
ter muscle, and risk of incontinence. Therefore, many surgical methods
were invented to retrieve better outcomes; we mention some of the most
practical and novel methods besides the seton placement in this part.

3.1. Ligation of the intersphincteric fistula tract (LIFT)

The ligation of the intersphincteric fistula tract (LIFT) is a newly in-
troduced technique since 2007 for treating fistula in the anus, primarily
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performed for complex or recurrent trans-sphincteric fistula [53]. The
technique is implemented by secure closure of the internal and external
opening of the tract and removing the infected cryptoglandular tissue.
Comparing the LIFT and previously described flap procedures in the ran-
domized trial, it has been shown more success rate and shorter time to
return to work in the LIFT group while the probability of recurrence was
higher in LIFT and incontinence score was not comparable between the
groups [54]. Another randomized control trial study that compared LIFT
and conventional open fistulotomy showed that the LIFT procedure is
an effective technique with a success rate of 80%, and also LIFT had a
lower rate of incontinency and shorter healing time [55]. In conclusion,
the LIFT procedure had shown good potential in treating the complex
perianal fistula with a satisfactory success rate(75-87.5%) and a low
rate of complication, specially incontinency [55-58]. Meanwhile, the
secondary success rate (80-86%) after the failure of the procedure and
performing repair had shown acceptable results as well [59,60]. Also,
patients with fistula associated with Crohn’s disease had good outcomes
after LIFT operation [61-63].

3.2. Fistula laser closure (FiLaC™)

Fistula Laser Closure (FiLaC™) is another modern technique with
the sphincter-saving advantage, which had a satisfactory short-term and
long-term success rate (64.1-81.1%) [85-89]. The procedure is applied
by the closure of the internal opening and then passing the laser fiber
through the catheter into the tract and delivering energy with a wave-
length of 1470 nm [87]. The success rate of the FiLaC™ estimated in
a meta-analysis was about 63% [90]. In the study on patients with a
high risk of incontinency after fistulotomy, the healing rate was 45.6%,
and healing was significant in patients with high transspheteric fistula
and age over 50 years [91]. The rate of incontinency after FiLaC™ in
series with a more extensive study population ranged from1.7 to 9.6%
[85,89].

3.3. Over-The-Scope Clip System (OTSC)

The Over-The-Scope Clip System (OTSC) is a bear claw Nitinol clip
developed for attaining hemostasis in flexible endoscopy in the gastroin-
testinal tract [95]. Today, OTSC has been used to treat the perianal fis-
tula by applying it to its internal opening [96]. The success rate of the
OTSC in treating complex and simple perianal fistula had been reported
to be between 60 and 93.3% [97-102]. Comparing OTSC to the standard
fistulectomy, a higher success rate has been shown in the OTSC group.
Also, the mean postoperative stay and healing time was 1.3 and 3.2
days, respectively, shorter than the standard fistulectomy group [97].

3.4. Video-assisted anal fistula treatment (VAAFT)

Video-assisted anal fistula treatment (VAAFT) is a novel sphincter-
saving method to treat complex anal fistula [105]. Zhang et al. assessed
the efficacy of combination VAAFT with anal fistula plug and showed
satisfactory results. The mean wound healing time was 46 days, and
none of the patients had anal sphincter function impairment [106].
The other study that compared the VAAFT technique with fistulotomy
plus seton placement had shown satisfactory results in both procedures.
However, the VAAFT group had a significantly shorter healing time and
minor post-operative Wexner incontinence score than the other group
[107]. The success rate of VAAFT had been reported in previous studies
to be around 71.2-87.1% [108-115] in complex anal fistula and 82—
84% in Crohn’s associate anal fistula [116,117].

3.5. Anal fistula plug (AFP)

Anal fistula plug (AFP) was characterized as a sphincter-preserving
method trying to close the opening of the fistula [129] primarily. The
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treatment period’s simplicity, minimally invasiveness, and relative tran-
sience are well established [129,130]. The technique is mainly reck-
oned with inserting either the biologic or synthetic plug into the internal
opening of the fistula tract with a suture attached to its tail [131,132].
Previous long-term follow-ups have demonstrated that the healing rate
of this method varies from 54 to 80%, inversely proportional to the dura-
tion of the follow-up that ranges from 8 weeks to 6.5 months [133,134].
Moreover, Nasseri et al. have reviewed 12 follow-up studies, including
84 patients with Crohn’s disease with perianal fistula regarding their ma-
jor outcomes. They concluded that the fistula plug is considered a safe
method with a low risk of incontinency and morbidity. The mean healing
rate was about 60%, while the recurrence rate was reported to be 13.6%
[135]. In addition to the biologic plug, a delayed absorbable synthetic
plug was also evaluated regarding its efficacy and safety. Narang et al.
have reviewed 187 patients who underwent treatment with GORE®
BIO-A®, and results indicated that the healing rate was varying from
15.8 to 72.7%, with the follow-up ranging between 2 and 19 months
[136].

3.6. Rectal advancement flap (RAF)

The rectal advancement flap (RAF) is a sphincter-preserving tech-
nique with a 66-87% healing rate. It has been suggested that it could be
an optimal technique for healing complex cryptoglandular perianal fis-
tula [137]. The transanal approach is commonly applied to lift the rectal
flap and, consequently, advance distally without disturbing the sphinc-
ter [138]. Soltani and Kaiser reviewed 1654 patients either with Cohn’s
disease or cryptoglandular anorectal fistula who had gone through RAF.
They assessed the healing/incontinency rate, and it was 80.8 /13.2%
and 64/9.4% for Cohn’s disease and cryptoglandular anorectal fistula,
respectively [139]. In addition, it has been proposed that the mean re-
currence rate for patients with Crohn’s disease who have anorectal fis-
tula undergoing RAF is around 30% [140]. However, it has been noted
that although healing and recurrence rates of LIFT and RAF procedures
among patients with cryptoglandular or Crohn’s disease fistula are likely
similar, the incontinency rate could be higher in RAF follow-ups [45].
The introduction of new compatible materials could bring up new re-
sults regarding efficacy, recurrence, and incontinency risk. It has been
revealed that RAF in comparison to Permacol collagen paste had higher
healing rate and against porcine collagen paste, it showed significantly
lower incontinency rate [141]. It is worth noting that proximal super-
ficial cauterization, emptying regularly fistula tracts and curettage of
tracts (PERFACT) procedure is also known as one of the novel proce-
dures for complex anorectal fistula targeting both the internal opening
and tract of the fistula. It has been reported that the healing rate of
the PERFACT procedure is about 80% while its recurrence rate is 20%
[142,143].

Multi-dimensional analysis incorporating the methods mentioned
above would help to clarify the true efficacy of different techniques. Lin
et al. provided a well-discussed comparison between RAF and AFP pro-
cedures, including long-term follow-ups. They could illustrate that RAF
is the choice of treatment in the matter of healing and recurrence rates.
Still, regarding complications of the fistula treatment during follow-ups,
there is no significant difference found. It was carried out that RAF might
appear a more creditable choice for treating complex cryptoglandular
fistula while AFP is less invasive and more comfortable [144]. Addi-
tionally, it has been recorded that RAF could be accompanied by less
recurrence and complication rates than seton placement in this group
of patients [145].

4. Seton placement techniques for treatment of perianal fistula

Hippocrates described the use of horsehair wrapped around a lint
thread as a seton to treat fistula for the first time [146]. Setons are gen-
erally a looped shape material passing through the external opening to
the fistula tract and then internal opening to facilitate abscess drainage
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Fig. 1. Seton-based therapy for the treatment of perianal fistula. The setons are categorized into cutting, non-cutting and chemical setons.

and provide a local inflammatory reaction with subsequent granulation
formation and fibrosis [147]. Setons are usually the first treatment for
perianal fistula as it allows the drainage of the fistula tract and accompa-
nying abscess [148]. Antibiotics, mainly metronidazole or ciprofloxacin,
may be supplemented, which further promotes healing [15]. Different
materials have been used as setons, including silk, wire, elastic bands, a
Penrose drain, and nylon [10]. Setons can be categorized into cutting,
non-cutting, loose and chemical ones, separately discussed in the follow-
ing (Fig. 1). Generally, seton might seem harmless at first, but it should
be used with caution by those surgeons who have a vast knowledge of
perianal anatomy to preserve a better quality of life after fistula healing.

4.1. Cutting setons

The cutting seton is any surgical thread used to cut through the tis-
sue, either by mechanical or chemical means [45]. A seton placement
is the preferred treatment option when there is a considerable bulk of
sphincter involved in the anal fistula. Cutting seton placement is a com-
monly used technique by many surgeons [149]; it gradually cuts through
the sphincters, so it causes minor damage to the sphincters than lay open
fistulotomy [46]. The suture or band is passed along the tract and tied
firmly around the sphincter muscles [12]. The seton is usually tightened
every 1 or 2 weeks, and it is continued until it completely cuts through.
Alternatively, for shorter periods of treatment, a two-staged fistulotomy
can be performed [150]. In this method, a seton is placed for 6 to 8
weeks followed by a fistulotomy [151], but there is a higher risk of in-
continence, especially with multiple tracts [152].

The advantages of cutting seton in high perianal fistulas are good
efficacy in eradicating fistula and low recurrence rate [153-157]. When
we compare the results with mucosal advancement flap, the success rate
is considerable, although the time for healing might be longer and more
surgeries are demanded [158-160]. The results for the LIFT procedure
are similar, with about 40% primary success rate and 75% subsequently

[161]. It should also be noted that in cases of previous multiple surg-
eries, these techniques could be challenging and complicating the pa-
tient’s current situation [162]. In these situations, seton drainage might
be the most reasonable option. The advantage of this method is the abil-
ity to drain the fistula, which prevents recurrent abscess [10]. In addi-
tion, the fibrosis made around the seton during the slow division of the
sphincter prevents retraction of the sphincter.

Incontinency rate for cutting setons has been reported to range from
3.2 to 30%, with an average rate of 12% [163,164]; Due to higher rate
of incontinency with high-trans-sphincteric and supra-sphincteric fistu-
las, some authors suggest that cutting seton is a suitable for low trans-
sphincteric fistulas in which the degree of incontinence is acceptable
(causing gas or minor stool incontinence) [165]. The recurrence rate of
fistulas treated with cutting seton has been reported from 5% to 29%,
but usually less than 10% of cases [149,151,166-168]. The variation in
results might be due to different fistulas anatomy, history of previous
operations, follow-up intervals, and factors interfering with healing.

Incontinence is one of the catastrophic complications of using se-
tons; thus, preserving the anal sphincter function is mandatory. Previ-
ous reports on the incontinence rate after the application of setons are
controversial. Mentes et al. [169] reported a healing rate of 45% at 1-
month post-surgery and 100% by three months. The same result about
healing was reported by Akhtar et al. [170]; within three months, these
two studies did not report post-operative development of incontinence.
In contrast to these studies, Zhang [171] reported high incontinence
rates after using cutting setons. Also, the same result was revealed by
Hamaélédinen e al. [172]; they reported a recurrence rate of 6% and the
rate of minor impairment symptoms in anal control to be 63%. In light
of the results provided by these studies, it is too immature to conclude
that routine use of setons for all high fistulas is secure.

A systematic literature review consisted of 18 studies showed that
the recurrence rate would be 5% if the patients undergo preservation
techniques of the internal anal sphincter and 3% if the surgical divi-
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sion of the internal anal sphincter is performed. They also proposed an
overall fecal incontinence rate of 5.6% and 25.2% in the preservation
and division group [167]. In conclusion, it can be stated that there is
no difference in incontinence rates between the cutting seton and fistu-
lotomy for low superficial fistulas with short tracts. In cases presented
with acute perianal abscess, fistulas are not usually treated at the time
of surgical drainage, but they can be postponed until the abscess is com-
pleted to evaluate fistula anatomy accurately. Patients who complain of
major incontinence should not undergo cutting seton placement. The
cutting seton would be for complex fistula in the anus, but female pa-
tients and those with previous perianal surgery might be considered for
non-cutting setons.

Cariati et al. set a series of indications for evaluating the efficacy
of performing fistulotomy and seton insertion [162]. They believe com-
plete fistulotomy is superior for subcutaneous, low inter-sphincteric, or
very low trans-sphincteric fistula (less than 10% of external sphincter
involvement). On the other hand, cutting seton insertion (with partial
fistulectomy or partial fistulotomy) without cutting the external and the
internal anal sphincter is a suitable treatment for trans-sphincteric fis-
tula (with more than 10% of sphincter involvement). They have claimed
that these indications helped reducing up to 20% sphincter cutting pro-
cedures. In this study, the authors concluded that the healing rate, tran-
sient fecal soiling, and recurrence were 100%, 11.5%, and 6.5%, respec-
tively. Different materials have been used as cutting seton; steel wires
were used as cutting seton in the previous decade [173,174], but they
have lost popularity nowadays. In the following, different kinds of se-
tons for the treatment of perianal fistula are briefly presented.

4.1.1. Penrose drains

Penrose drains were also used as seton most frequently in horseshoe
fistulas and in the presence of posterior ischiorectal abscess simultane-
ously for drainage of deep postanal space [175]. It is a flexible rubber
or silicone tube which allows fluids to drain effortlessly by gravity. Us-
ing the Penrose drain was published in 1984 for the first time, which
revealed a good result in 20 patients with complex anal fistula [176]. It
has also been used as a cutting seton by cutting the enclosed sphincter
muscle with pressure necrosis [110,176]. Challenges in applying this
type of drainage have limited its use as passing it through the small lu-
men, fibrotic fistulas in chronic cases are complicated, and attaching it
to the probe is impossible in some cases. Stripes of the surgical glove
are also a substitute that has the same tackles as Penrose drains, and the
appliance is similar [177-179].

4.1.2. Rubber band setons

The rubber band seton was mentioned as a treatment method for anal
fistula for the first time in 1966. It was used for treating patients with
deep anterior space- abscess/anal fistula and chronic perianal fistula
[180]. A previous study that compared the rubber band seton with eche-
lon suture has shown complete healing in all patients after three months
in both groups and recurrence rate of 7.5% and 2.5%, respectively [15].
Also, rubber seton was mentioned as a cheap, acceptable treatment with
less pain score for treating perianal fistula [15,181]. Also, comparing
the rubber seton with nylon ligation had revealed a practical function,
reduced hospital stay and complication, and good drainage in patients
with extra-sphincteric and trans-sphincteric fistulas [181].

4.1.3. Polypropylene setons

Polypropylene or prolene is a thermoplastic polymer with good re-
sistance to chemical reactions, which is a proper candidate for treating
perianal fistula. This nonabsorbable monofilament thread is also used as
a seton in some centers, but patients were not satisfied with the material
and the knot, so it is not much popular [154,182]. Comparing silk and
polypropylene seton has shown shorter recovery time and more pain
score in the polypropylene group, while no difference was seen in the
recurrence and incontinency between these two groups [183]. Also, lo-
cal infection requiring fistulotomy after seton placement was higher in
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silk seton, however pain score was higher in the polypropylene group
[17]. An animal study in the rat model of the anal fistula compared
fistulotomy, polypropylene, and polydioxanone wire. It revealed that
there was no difference in the degree of fibrosis made among these three
groups. Researchers were unable to suggest any of these wires be supe-
rior to fistulotomy [184].

4.1.5. Silk setons

Silk suture is a nonabsorbable material that is one of the most com-
mon setons used worldwide [185-1871]; it is known that bacterial colo-
nization can occur in silk material; thus, it has not been recommended
for contaminated environments [188] or prolonged periods [189]. Silk
sutures can be used as cutting [157] or non-cutting seton [190], with
healing rates of 96% [157] and 75% [190], respectively. The recur-
rence rate in previous studies using silk seton was about 2.4-9.8%, and
the incontinence rate to flatus was 8-15.7%, and to fecal was none
[10,157,182,190].

4.1.5. Polyester setons

Polyester sutures or ETHIBOND EXCEL® is a nonabsorbable material
composed of polyethylene terephthalate that can be applied as seton.
Polyester sutures are reported to cause less inflammation than monofil-
ament polypropylene sutures and less discomfort [130]; therefore, it can
be suitable, especially in inflammatory conditions such as Crohn’s dis-
ease perianal sepsis or long-term use [191,192].

4.2. Loose setons

Loose seton is another type of seton when the thread or band is
passed through the tract, and a loop is formed and tied around the
sphincter without any tension [193]. This method does not induce the
constant perianal pain caused by the cutting seton and prevents injury to
the sphincters [194]. The disadvantageous point of application of loose
seton is the extended period of healing time as it slowly drains and palli-
ates the fistula tract [163,195]. Thus the indwelling "long-term seton" is
meant to prevent abscess formation and perianal sepsis in chronic cases.
In contrast, some surgeons assume that the loose seton can cut through
the tissue in a timely fashion and preserve the sphincter; thus, they ad-
vise using it instead of cutting setons to avoid complications [195]. Some
surgeons instruct the patients to pull the thread daily to accelerate the
granulation process, though the amount of pressure and the level of com-
pliance cannot be determined, and most patients reported this approach
to be painful and dissatisfying [196]. Nonetheless, when the surgeon is
concerned about the patient’s continence, for instance, in complex fis-
tulas where multiple operations were performed or in inflammation at
the fistula site such as Crohn’s disease, a loose seton is always preferred
[197-199].

4.3. Knot-free setons

Knot-free or knot-less setons are a piece of tubular-shaped polypropy-
lene or silicon material designed to insert the fistula tract and hook the
two ends. SuperSeton (MediShield B.V., Amsterdam, The Netherlands)
and Comfort Drain (AMI, Feldkirch, Austria) are two commercially
available knot-free devices used to treat perianal fistula. There are also
knotless setons made such as super seton ( MediShield B.V.Amsterdam)
or Comfort seton (AMI, Feldkirch, Austria), which cause fewer symp-
toms than the regular knotted vascular loops for the patients [16]. In
a study by Kristo et al., they applied the Comfort Drain system and re-
ported enhanced physical and mental health along with less burning
sensation and pruritis [200]. Furthermore, Stellingwerf et al. used the
Comfort Drain and stated that this type of knotless setons falls out eas-
ily, and the whole system has a secure hook as applier, which comes
with the knotless seton and provides much stability than the other sys-
tem and prevents buckling during placement [146]. Thus it is easily
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applied, and the procedure will end in the median of 21 min. These sys-
tems are relatively new, and a large randomized clinical trial is not yet
performed, so a definite conclusion on their effect and recurrence rate
besides incontinency rate is unclear.

4.4. Vascular loops

Silastic vascular loops are used as setons causing less pain and dis-
comfort [201]; its good biocompatibility makes it a good material for
wound dressing [202,203]. It has also been used as a cutting seton
[156,204], but a major problem with silicone is the tissue reaction
caused by the released particles that form a fibrous capsule around it
[205,206]. This process might impair the healing and prevent the seton
from cutting through the sphincters. Altogether, vascular loops are a
good option for drainage setons, especially if long-term seton is needed.
Cable ties were also used as cutting seton in a few studies [147,207],
but since the material is not approved for medical use and post-operative
pain might be severe, it seems unacceptable for routine practice.

4.5. Chemical seton

Chemical seton is a type of seton that can chemically react with
the surrounding tissue and chemically debride the surrounding tissue
[208]. The most popular type of these setons is Ksharasutra. Ksharasu-
tra (Kshara sutra) is a cotton thread coated with Ayurvedic medicine
[209]. The chemical substance, an alkaline, can make good cauteriza-
tion of the fistula tract [210]. A study using the commercial Ksharasu-
tra in India showed no difference in healing time compared to fistulo-
tomy [211]. Another study reported that Ksharasutra seton needed more
healing days than the fistulotomy group [212]. Possible complications
can be allergic reactions to the chemical substance, abscess formation,
burning sensation, especially in the first few days after the operation,
bleeding and, wound discharge [211]. Unfortunately, none of the stud-
ies available compared chemical setons with non-chemical setons, and
its efficacy on high perianal fistulas cannot be evaluated.

5. Tissue engineering assisted setons

In the last decade, the benefits of advanced regenerative medicine,
such as tissue engineering and stem cell therapy, provide clinicians in
colorectal surgery with novel and highly efficient techniques for treating
perianal fistula in patients with underlying diseases such as Crohn’s and
other IBDs [25,213,214]. Tissue engineering exploits stem cells [215],
scaffolds [216], and signaling molecules [217] in various ways to main-
tain, heal, restore and enhance the functionality of damaged tissues, in-
cluding unwelcomed tract caused by anal fistula. This interdisciplinary
approach that combines advanced technologies, including nanotechnol-
ogy [218], micro/nanofabrication techniques [219], biomaterials [220],
and molecular medicine [221], can enhance the efficacy of seton-based
therapeutic techniques for healing fistula.

Bacterial infections that are the impartible disturbing elements
in treating perianal fistula can be eliminated via antibacterial se-
tons [222,223]. Antibacterial agents, including conventional antibiotics,
metallic nanoparticles such as silver [224], zinc [97], and copper [225],
and polymers with natural antibacterial properties such as chitosan
[226], can be incorporated into the structure of setons. In 2008, Blaker
et al. fabricated porous spherical microscale scaffolds using Poly (D, L-
lactide-co-glycolide) and silver-doped phosphate glass by thermally in-
duced phase separation method. Their study showed that these degrad-
able antibacterial scaffolds could release silver ions leading to counter
the colonization of bacteria playing a role in perianal fistula in rodent
wound model [227] (Fig. 2a). Recent studies showed that incorporating
silver nanoparticles into scaffolds can significantly improve their an-
tibacterial, antiviral, and mechanical properties [228]. The releasing of
silver ions via these NPs can endanger the viability of bacterial elements
[229]. Therefore, these NPs attracted much attention in wound healing
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and bone regeneration, where infections are considered to significantly
delay therapeutic approaches. Studies revealed that silver NPs have a
strong anti-inflammatory effect in chronic digestive diseases such as col-
itis [230]. Besides, Zhang et al. showed that silver NPs-coated sutures
increase their antibacterial and mechanical properties, significantly re-
duce inflammation, and improve intestinal anastomosis healing in mice
[231]. Incorporating antibacterial NPs in setons’ structure can signifi-
cantly improve their efficacy in treating perianal fistula in IBD patients.

The extraction of the setons out of the fistula tract during the treat-
ment period can sometimes be challenging, as they might get trapped
in the tract. However, it can be solved by presenting biodegradable se-
tons manufactured using tissue engineering methods [232]. The setons
can be fabricated using various degradable polymers with good me-
chanical properties. Besides, the degradation rate of setons can be opti-
mized for different fistula types [233]. In the early studies, as biodegrad-
able polymers, polyglycolic acid and trimethylene carbonate demon-
strated an influential role in treating anal fistula [234,235]. Pramu-
diati loaded Polyphenol, as an immunosuppressive drug, into poly(DL-
lactideco-glycolide) acid (PLGA) films as biodegradable seton [236]. In
the context of anal fistula, it is more beneficial to use a degradable struc-
ture to prevent the formation of a foreign body granulomatous reaction.

Furthermore, the injection has the effect of mechanically filling the
defects; then, a transition matrix is formed at the injection site. Regard-
ing the advantages of injectable polymers, Maternini et al. provided non-
cross-linked equine collagen injectable polymers (Salvecoll-E® gel) to
treat anal fistula. They demonstrated that Salvecoll-E® gel is a promis-
ing technique for treating anal fistulas, and it is well tolerated by the
patients [232].

Various drugs, antibiotics, and antibacterial agents can be encapsu-
lated inside polymers for obtaining a slow release profile and uniform
healing of the fistula. In the beginning studies, Li et al. incorporated li-
docaine into silicone bands setons in the surgical management of anal
fistula and provide a painkilling effect for patients during the treatment
[237] (Fig. 2b). In another study, Xie et al. demonstrated that simul-
taneous encapsulation of curcumin, an anti-inflammatory agent, and 5-
aminosalicylic acid into silk fibroin membranes via electrospinning in-
creased the proliferation of fibroblast. The electrospinning method did
not change the chemical structure and efficacy of encapsulated drugs
and make the steady release of drugs possible [238] (Fig. 2c). Inter-
esting results from recent studies indicated that anti-TNF drugs in IBD
treatment, such as infliximab and adalimumab, can be incorporated into
the network of hydrogels and scaffolds [239]. For instance, Zhao et al.
loaded infliximab and cells into a hyaluronic acid-hydrazide composite
hydrogel to treat rheumatoid arthritis in the critical-sized bone defect
rabbit model [240,241]. The accompanying setons with such Anti-TNF
drugs can significantly enhance treatment efficacy in patients, especially
with an IBD.

In recent years, a new generation of biomaterials called smart bioma-
terials has attracted much attention in drug delivery and regenerative
medicine [242,243]. These polymers are categorized into responsive,
self-healing, and shape memory polymers and have several applications
in fabricating scaffold, 3D bioprinting, artificial muscles, surgical su-
tures, and devices. These materials can significantly improve the effi-
cacy of setons via their unique properties. Scaffolds and nano drugs fab-
ricated using these materials respond to environmental stimuli, such as
pH, temperature, biological cues, and chemical agents in the injured en-
vironments such as fistula. Various smart scaffolds, including smart self-
contracting hydrogels [244], antibacterial injectable self-healing wound
dressers [245], and moisture-responsive shape memory [246] biomate-
rials, have been developed for wound healing applications. Different
micro/nanostructures with various morphologies and scales can be fab-
ricated using a specific category of smart materials, shape memory poly-
mers through the four-dimensional (4D) bio/printing technique [247].
These structures can be injected into the wounds to expand and trans-
form into different 3D shapes in response to different stimulates leading
to refill the injured tissues and tracts [42,43].



Table 1

The applications of the LIFT procedure for the treatment of perianal fistula.

No of Healing time Follow up
Author[Refs.] year method patients Success rate complication recurrence (days) (month) Type of fistula
Madbouly et al. [64] 2021 LIFT 49 65.30% - 9.5% 21.6 +5.4 12 High trans-sphincteric anal fistulas
LIFT+PRP 49 85.71% 9.3% 157 + 4
Sebai et al. [55] 2021 LIFT 15 80% 0 - 4.53w 6 low transsphincteric perianal fistula
conventional 15 93.3% 13.3% 5.67 w
fistulotomy
Praag et al. [65] 2021 LIFT 12 100% 0 0 - 2-6 perianal fistulas in Crohn’s disease
Celayir et al. [66] 2020  modified LIFT 56 87.5% - - - - high transsphincteric fistula, high intersphincteric fistula,
and horseshoe abscess
Eray and Rencuzogullari [67] 2020  LIFT 42 57.1% - - - 15-36 high trans-sphincteric, horseshoe fistula, and
supra-sphincteric
Wu et al. [68] 2020 video-assisted 30 - - - - Parks type II anal fistula
modified LIFT 30
Cobos et al. [69] 2020 LIFT 40 55% - 41% - - Complex Anal Fistula
Hoof et al. [70] 2020  LIFT - 84% - - - 7 anal fistulas
Wanitsuwan et al. [71] 2020 video-assisted 103 84.5% 0 - 4w 15-38 anterior high transsphincteric fistula, semi-horseshoe
modified LIFT fistula, and horseshoe fistula
Dong et al. [72] 2020 LIFT 45 45 - - - - - Anal fistula
simple anal
fistulectomy
Tsang et al. [56] 2020  LIFT BioLIFT 4810 87.5% - 12.5% - - Complex Anal Fistula
80% 0
Ram et al. [73] 2020  a simplification 47 80.9% - - - 12 cryptoglandular anal fistula
of LIFT
Mujukian et al. [63] 2020 38 22 46% - - - 6-192 Complex anal fistula in Crohn’s disease
[63])’advancement 50%
flap
Zwiep et al.( [74] 2020 LIFT BioLIFT 75 44 58.7% 17.3% - - 7 Anal fistula
75.0% 22.7% 2
Praag et al. [62] 2020 LIFT 1921 89.5% 15.8% 21.1% - Crohn’s high perianal fistulas
advancement 60.0% 21.4% 19.0%
flap
Lau et al. [59] 2020  LIFT BioLIFT 10511 62.9%>80.0% - anteriorly - - Trans-sphincteric perianal fistula.
34.9%>81.9% located fistula
Cianci et al. [75] 2019 LIFT 28 85.7% - 14.2% - 6 Anal fistula
Gottgens et al. [76] 2019  LIFT 46 37% - 20% - 12 high transsphincteric fistula
Mijnsbrugge et al. [77] 2019  LIFT 45 40% 0 - - 24 perianal fistula
Osterkamp et al. [60] 2019  LIFT 65 42%>86% - 67% - 5-18 transsphincteric fistulae
Zhao et al. [78] 2019  LIFT+plug 78 96.2% 12.82% 2.5% 16d 16-47 trans-sphincteric perianal fistula
Sun et al. [79] 2019  LIFT 70 81.7% 2.8% 15.7% - 4.5-68 high transsphincteric fistulas
Wen et al. [57] 2018 LIFT 62 83.9% 0 - 12-51 complex fistula-in-ano
Kang et al. [58] 2018  LIFT 28 75% 0 18% 4w 8-27 Simple and complex transsphincteric fistulas
Aratjo et al. [80] 2017 LIFT 38 79% - - - 3-14 transsphincteric fistulas
Malakorn et al. [81] 2017 LIFT 251 87.65% 0 - - 71 Trans-sphincteric intersphincteric, high trans-sphincteric
semi-horseshoe, and horseshoe fistulas
Galén et al. [82] 2017  LIFT 55 70% 0 12,7% 4-8 w - complex cryptoglandular anal fistula
posterior
location and
complexity of
the tract
Kamiriski et al. [61] 2017 LIFT 23 48% - - - 31 trans-sphincteric Crohn’s fistula tracts
Xu and Tang [83] 2017 LIFT 55 60% 10.9% 40% - 16 recurrent anal fistula
Chen et al. [84] 2017 LIFT 43 83.7% 9.3% - - 13-63 uncomplicated transsphincteric fistulas horseshoe

transsphincteric fistulas, multiple fistulas
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Fig. 2. (a) Fabricating antimicrobial microspheres as for repairing tissues in perianal fistulae. The scanning electron microscopy (SEM) images of phosphate glass
containing microsphere (left and middle). The implementation of antibacterial glass particles within the polymer (right), reprinted from [227] with permission from
Wiley Online Library. (b) Illustration of implementing and fabricating elastic band silicone setons to treat anal fistula, reprinted from [237] with permission from
Springer. (c) The illustration of the modified electrospinning machine for fabricating silk fibroin-based anal fistula drug-loaded anti-inflammatory plugs to treat
perianal fistula, reprinted from [238] with permission from Wiley Online Library.

Table 2
The applications of FiLaC™ for treatment of perianal fistula.

Healing time Follow up

Author [Refs.] year No of patients ~ Success rate ~ complication  recurrence  (days) (month) Type of fistula

Wolicki et al. [89] 2021 83 74.7% 9.6% - - 13-84 transsphincteric and
intersphincteric anal fistula

Brabender et al. [92] 2020 18 22% 0 - - 18-46 fistula-in-ano

Serin et al. [93] 2020 35 42.9% 9% - - 6-17.6 perianal fistula

Alam et al. [94] 2020 20 55% - - 2-22.5 Crohn’s anal fistula

Marref et al. [91] 2019 69 45.6% 0 - - 4.2-9.3 High transsphincteric anal
fistula

Wilhelm et al. [85] 2017 117 64.1% 1.7% - - 6-60 cryptoglandular fistulae
Crohn’s fistulae

Giamundo et al. [86] 2015 45 71.1% 0 - 35 6-46 anal fistulas

Giamundo et al. [88] 2014 35 71.4% 0 5.7% - 3-36 trans-sphincteric anal fistula

Wilhelm [87] 2011 11 81.8% 9.09% - - cryptoglandular anal fistula
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Table 3
The applications of OTSC for treatment of perianal fistula.
No of Healing Follow up
Author [Refs.] year method patients Success rate complication recurrence time (days) (month) Type of fistula
Grossberg et al. [103] 2020 OTSC 19 66.7% - - 2-10 simple and complex fistulas
38.5%
Marinello et al. [102] 2018 OTSC 10 60%, 30% - 6-26 simple and complex fistulae
cryptoglandular and stable
Crohn’s disease fistulae
Mascagni et al. [97] 2018  OTSC 15 93.3% - - anorectal low trans-sphincter
standard 15 fistula
fistulectomy
Prosst and Joos [99] 2016 OTSC 96 79% - - 6 Complex anorectal fistulas.
inflammatory bowel disease
Dubois et al. [104] 2015 OTSC 46 - - 12 complex anal fistulas
rectal mucosa 46
advancement
flap
Mennigen et al. [98] 2015  OTSC 10 70% 30% 72 5-17 cryptoglandular and one
Crohn’s disease-associated
fistula
Prosst et al. [100] 2015  OTSC 20 90% - - 6 ryptoglandular anorectal
fistula
Prosst et al. [101] 2013 OTSC 10 90% - - 6 transsphincteric and

suprasphincteric fistulas

In fistula treatment via tissue engineering approaches, setons find a
new definition and act as scaffolds for the proliferation and differenti-
ation of implanted stem cells in the fistula tract [234]. These scaffolds
can be derived from a variety of natural or synthetic materials and are
intended to simulate the natural three-dimensional (3D) microenviron-
ments, architecture, extracellular matrix (ECM) [248], nanotopography
[249], and other properties of target tissue [250]. These biocompati-
ble scaffolds can be fabricated with controllable properties such as per-
meability, degradation rate, and architecture [251]. A variety of stem
cells, such as mesenchymal stem cells (MSCs) and embryonic stem cells,
can be cultured on the surface of setons or plugs or encapsulated inside
their structure to support cell shortage in the fistula tract and accelerate
the healing process. Recently, Dozois et al. introduced adipose-derived
MSCs coated plug to treat patients with trans-sphincteric cryptoglandu-
lar fistulas. Their study showed that the MSCs coated plug could be used
as safe and feasible devices to treat anal fistula [234].

Regarding these results, the application of setons as the scaffolds for
the proliferation of implanted stem cells in the fistula tract can be con-
sidered a promising method for treating fistula. In the last years, the
MSCs have been implemented for stem cell-based therapy of Crohn’s
disease patients with perianal and rectovaginal fistula [252]. The appli-
cation of MSCs for the perianal fistula is mainly based on the immune-
modulatory and anti-inflammatory features [253]. Despite growing at-
tention to the application of MSCs to treat anal fistula, there is still no
well-established standard method for MSCs transplantation. Regarding
these arguments, there are various methods for the preparation of the
fistula tract for cellular infusion. The recent studies demonstrated that
the initial placement of setons before cell infusion is safe and effective
in closing external openings [235,254-257].

6. Discussion, challenges, and future trends

Traditional treatments for perianal fistula are fistulotomy and seton
placement as an immediate or delayed way to gradually transect the
sphincter muscle complex [163]. Setons are commonly applied to treat
high or complex fistula, and their function is to provide drainage along
with induction of chronic fibrosis [185]. Using setons to treat a complex
anal fistula is an affordable and straightforward method that most pa-
tients can tolerate [20]. However, this method takes a long time to reach
substantial healing, and the rate of fecal incontinence is considerable.
Enriching seton-based therapeutic methods with regenerative medicine
approaches such as tissue engineering and stem cell-based therapies can

preserve the health of sphincter muscle and minimize the side effects
such as the risk of fecal incontinence while decreasing the time of fis-
tula healing [20]. In addition, the mechanical properties, biocompati-
bility, and degradation rate of setons as engineered scaffolds can be en-
hanced through advanced fabrication methods [258,259]. Besides, this
generation of setons can be a vector for stem cells and carry different
drugs, growth factors, and antibacterial and anti-inflammation agents
[227,231,238]. However, there are limited studies in this area, and se-
rious challenges should be addressed.

A limited number of biomaterials have been implemented on se-
tons, and studies that used this type of setons to treat perianal fistula
are scarce [236,238]. On the other hand, the mechanical properties of
scaffold seton, either cutting or non-cutting, have not yet been studied
enough. The designed scaffolds for perianal fistula healing and regen-
eration should have specific mechanical properties. For instance, they
should be elastic, flexible, and knot-able and be formed into small-sized
tubes [181,260]. Also, their degradation rate and drug-releasing ability
should be addressed compatible with the type and size of the fistula. In
terms of fabric source, the biomaterials can have a natural, synthetic, or
hybrid origin regarding Food and Drug Administration (FDA) approved
materials.

In terms of regenerating damaged tissues, the scaffolds need to
mimic the microenvironment of tissues involved in fistula and load
cells and biomolecules necessary for tissue formation and wound heal-
ing [261,262]. In addition, the incorporating of growth factors, anti-
inflammatory agents, drugs, and antibiotics can significantly increase
regeneration [263,264]. Each agent’s release profile and possible cyto-
toxicity is a big challenge that should be investigated for each disease.
Incorporating setons with immune regulators, such as exosomes, can be
beneficial [265]. A variety of stem cells, such as MSCs, human induced
pluripotent stem cells (hiPSCs), and embryonic stem cells (ESCs), can be
seeded on the surface of scaffolds or incorporated into scaffolds [266].
PThe paracrine effect of stem cells can significantly improve the healing
of damaged tissue [267]. Therefore, the source of cells, population, and
density of stem cells should be considered as an important parameter
in this case [213]. The viability of stem cells inside cell-laden setons is
another crucial factor that microfabrication systems can address [268].

Developing setons as scaffolds for perianal fistula tissue engineering
is a multidisciplinary area requiring a high level of collaboration be-
tween surgeons, stem cell scientists, biomaterial engineers, and the clin-
ical team. This promising technique can be widely utilized in the clinics
if challenges in supplying a high population of the good manufactur-
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Table 4
The applications of VAAFT for treatment of perianal fistula.
Healing time Follow up
Author [Refs.] year method No of patients ~ Success rate complication  recurrence (days) (month) Type of fistula
Zhang et al. [106] 2021 VAAFT AFP 57 89.47% 0 10.52% 46 28 complex anal
fistulae
Yao et al. [118] 2021 VAAFT - - - - - - -
FILAC
Zhang et al. [119] 2021 VAAFT 26 88.46% 0 11.44% 33+10.5 6-18 horseshoe anal
AFP fistula
Zhang et al. [107] 2020  VAAFT + internal opening 3738 86.5% - 13.5% 27.05+6.91 6 Parks II anal fistulas
closure techniques / 94.7% 5.3% 34.55+4.34
anal fistulotomy + seton
placement
Zeli¢ et al. [115] 2020  VAAFT 73 71.23% 0 28.76% 42 24 complex cryptoglandular
anal fistulas
Regusci et al. [114] 2020  VAAFT 96 83.3% 0 16.7% - 36 complex anorectal fistula
Torre et al. [120] 2020 VAAFT 2826 85.71% - 39.2% 59.1 18 high trans-sphincteric anal fistula even
LIFT 80.76% 42% 57.6 with abscess
Lopez et al. [121] 2020  VAAFT 20 78.95% 5.26% - 6
Giarratano et al. [113] 2020 VAAFT 72 79% 0 11% - 32+18 complex anal
fistulae
Liuetal. [112] 2020 VAAFT/ 6880 84.4% 15.6% - 12 complex anal fistula
fistulotomy plus seton 85.9% 14.1%
Tozer et al. [122] 2019 VAAFT + seton - - - -
Zheng et al. [123] 2018  VAAFT 4245 - 2.4%20% 7.1% - 6 complex anal fistula
fistula resection plus seton 15.6%
Adegbola et al. [117] 2018 VAAFT 25 84% 0 4% - Crohn’s anal fistula
Stazi et al. [111] 2018 VAAFT 224 77% 23% - 27-60 complex perianal fistula
Romaniszyn and Walega [124] 2017  VAAFT 68 54.41% 0 0 - 31 simple and complex fistulas
(73.3%-
39.47%)
Jiang et al. [110] 2017 VAAFT 52 84.6% 0 15.4% - 9 complex anal fistula
Seow-En et al. [125] 2016  VAAFT 41 70.7% 22% - 34 cryptoglandular anal fistulae
Liu et al. [109] 2015 VAAFT 11 72.7% 0 - - - complex anal fistula
Zarin et al. [126] 2015 VAAFT 40 92.5% 0 7.5% - 6 anal fistula
Kochhar et al. [127] 2014 VAAFT 82 84.14% 0 15.85% - fistula in ano
Watega et al. [128] 2014  VAAFT 18 83% 0 17% - 10 anal fistula
Schwandner [116] 2013 VAAFT+ advancement flap 13 82% 0 - - 9 Crohn’s anal fistula
repair
Meinero and Mori [108] 2011 VAAFT 136 87.1% 0 - - 12 complex anal fistula
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ing process (GMP), grade-derived stem cells, biomaterials, mass man-
ufacturing, and surgical issues are addressed carefully. This approach
can prepare conditions for bottom-up tissue regeneration inside the
fistula.
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