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Abstract

Cryptoglandular perianal fistula is a common benign anorectal disorder that is managed mainly
with surgery. A fistula is typically defined as a pathological communication between two epithe-
lialized surfaces. More specifically, perianal fistula manifests as an abnormal tract between the
anorectal canal and the perianal skin. Perianal fistulas are often characterized by significantly
decreased patient quality of life. The cryptoglandular theory of perianal fistulas suggests their
development from the proctodeal glands, which originate from the intersphincteric plane and
perforate the internal sphincter with their ducts. Involvement of proctodeal glands in the inflam-
matory process could play a primary role in the formation of cryptoglandular perianal fistula. The
objective of this narrative review was to investigate the current knowledge of the pathogenesis of
cryptoglandular perianal fistula with the specific aims of characterizing the potential role of
proinflammatory factors responsible for the development of chronic inflammation. Further stud-
ies are crucial to improve the therapeutic management of cryptoglandular perianal fistulas.
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Introduction

Perianal fistula, or fistula-in-ano, is a
common benign anorectal disorder that is
treated mainly with surgery. Perianal fistu-
las are often characterized with significant
clinical manifestations, such as local pain,
inflammation, purulent drainage, inconti-
nence, and decreased patient quality of
life. A fistula is typically defined as a path-
ological communication between two epi-
thelialized surfaces. More specifically,
perianal fistula is a chronic abnormal com-
munication between the epithelialized sur-
face of the anorectal canal and usually,
the perianal skin. Perianal fistula resembles
a narrow tunnel connecting its internal
opening in the anal canal with the external
opening in the skin near the anus. The fis-
tula is lined with granulation tissue and typ-
ically results from the healing of perianal
sepsis. The glandular crypts at the level of
the dentate line are the typical origin of fis-
tulas, which is induced by purulent and
inflammatory processes.'

Perianal fistula is considered a later,
chronic, stage of perianal abscess. Tracing
the fistula canal during abscess drainage is
possible in approximately 50% of cases.
Perianal fistula is quite common and
brings patients to a surgeon.
Unfortunately, despite proper therapy and
management, this disease is characterized
by a high recurrence rate.

Significant variation in the epidemiology
of cryptoglandular perianal fistula has been
observed worldwide, with a wide range of
incidence estimates both within and
between geographic regions.” Studies have
shown that the incidence of developing a
new cryptoglandular perianal fistula is
approximately 2 per 10,000 people per
year.” Although perianal cryptoglandular
fistula may affect patients at any age, the
highest incidence rate is observed between
30 and 50 years of age, and men are affected
more often than women.* The current

global estimated incidence rate of perianal
fistula is unconfirmed. The estimated inci-
dence in the United States was approxi-
mately 20,000 to 25,000 cases per year,
and the estimated incidence rate in the
Finnish population was 5.5 per 100,000
women and 12.1 per 100,000 men.
However, estimated incidence rates are
likely significantly lower than the actual
numbers owing to patient aversion to seek-
ing medical information or treatment as a
result of social embarrassment caused by
the symptoms.>>

Over 90% of perianal fistulas are crypto-
glandular in origin and arise from perianal
abscesses.®” A proportion of patients with
anorectal abscess subsequently develop a
fistula; however estimating the incidence
rate of perianal fistula is difficult, and cur-
rent data are inconsistent. Sainio et al.’
determined that the incidence of perianal
fistula in a single institution between 1969
and 1978 was 8.6 per 100,000 people/year
(12.6 for men and 5.6 for women). Zanotti
et al.? reported a higher incidence of peria-
nal fistula, but this was estimated from data
from a single year. Subsequently, the
authors reviewed European databases and
described higher incidences of 1.84/10,000
in the United Kingdom (UK) (2003-2004)
and of 2.32/10,000 in Italy (2002). In a
study by Sahnan et al.® approximately
one fifth of all patients with anorectal
abscess developed a fistula. Surprisingly,
women had the greatest risk, even though
both abscess and perianal fistula are more
common in men. Also in Sahnan et al.’s
study, the independent predictors of fistula-
tion after perianal abscess were female
gender, age 41 to 60 years, and ischiorectal
or intersphincteric location of the initial
abscess.

The surgical management of crypto-
glandular perianal fistulas may be challeng-
ing, and the ideal approach remains
questionable even among experienced colo-
rectal surgeons. Fistulotomy is the gold
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standard treatment of perianal fistulas, with
a healing rate of > 90%.? However, patients
treated with fistulotomy have a risk of
developing postoperative perianal sphincter
dysfunction, especially women or patients
with complex fistulas, preoperative inconti-
nence, recurrent disease, or previous ano-
rectal surgeries.'” A better understanding
of the processes underlying the develop-
ment of cryptoglandular perianal fistulas
may improve treatment; however, current-
ly, the etiology of the disease is unknown.
An inflammatory process appears to play a
crucial role.!! The aim of this narrative
review was to investigate the current knowl-
edge of the ectiopathogenesis of crypto-
glandular perianal fistula to characterize
the role of pathological and inflammatory
factors in the development of chronic
inflammation. The results and limitations
of the studies on this topic were also
described, and a discussion of the need for
objective parameters for future studies was
highlighted.

Methods

Ethics committee approval was not
required for this study because it was a
review. Patient consent was not required
because no patients or patient-identifiable
data were involved in the study.

We searched the following databases:
PubMed, Embase (OVID version) and
Google Scholar. The search query consisted
of the combination of the following key-
words: “perianal fistula”, “fistula-in-ano”,
“pathogenesis of fistula”, “cryptoglandular
theory”, “cryptoglandular fistula”, and
“perianal abscess”. Results were limited to
relevant papers published in English. There
were no restrictions on the publication date
for the articles cited in all subsections of the
manuscript. The first search was performed
on 10 January 2020, and the search was
updated on 11 August 2020, with a final
revision on 9 November 2020. The

references in all of the included studies
were reviewed for more eligible articles.
Each article was reviewed independently
by four researchers (MW, JW, ASW, RT)
for inclusion according to the inclusion and
exclusion criteria, which follow.
Disagreements regarding article selection
were resolved through discussion until con-
sensus was reached or resolved by discus-
sion between authors LD and JF.
Conference abstracts were excluded.
Articles were also excluded if they were
not in English, the full text was inaccessible,
or the studies were preclinical research or
commentaries. A standardized form was
used to extract data from the included stud-
ies. Extracted details were study population
and demographics, details of interventions
and controls, study methodology, and
information to assess bias. Data extraction
was performed independently by four
authors, and discrepancies were resolved
through discussion with the other co-
authors.

Pathogenesis of cryptoglandular
perianal fistula

The most common theory of the formation
of anorectal abscess and subsequent peria-
nal fistula, stated by Parks in 1961, is the
pathology of obstructed proctodeal glands
and ducts.*'*!? This statement was estab-
lished using previous theories describing a
glandular mechanism of perianal fistulas
reported by the anatomists Desfosses and
Herrmann and the researchers Kratzer
and Dockerty.® Parks noted that the peria-
nal glands discharge into the area of transi-
tion of the squamous mucosa to the
columnar, mucus-secreting, epithelium
opening into the base of the perianal
crypts. Parks posited the concept that enter-
ic microorganisms begin the process of
acute inflammation by infiltrating perianal
gland channels and spreading in an inner
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longitudinal path, causing a perianal
abscess or more exceptionally, through the
longitudinal muscle and resulting in an
ischiorectal abscess. Parks further stated
that once a chronic anorectal abscess has
developed, infected material will continue
to seep through any channel to the skin sur-
face. Summarizing, a perianal fistula is a
pathological canal secondary to an
inflamed perianal gland; however, the duct
opening in the perianal skin makes it a fis-
tula. Therefore, anorectal abscesses and
perianal fistulas are continuous phases of
a common pathogenic spectrum.

The cryptoglandular theory of perianal
fistulas suggests their development from
the proctodeal glands, which originate
from the intersphincteric plane and perfo-
rate the internal sphincter with their ducts.
A connection forms between an opening at
the level of the dentate line and another in
the perianal area. Albeit widely accepted in
clinical practice, the cryptoglandular theory
popularized by Parks remains controver-
sial.'* However, clinically, Parks’ classifica-
tion according to the relationship to the
sphincter has proved useful.
Intersphincteric and distal transsphincteric
fistulas are called low fistulas, and proximal
transsphincteric and suprasphincteric fistu-
las are called high fistulas. The most fre-
quently encountered fistulas are
uncomplicated distal fistulous tracts."”
Recently, Garg'® proposed an improved
classification of perianal fistulas and vali-
dated the classification in a cohort of 440
patients (Table 1). Modifications to the pre-
vious classification were suggested because
earlier classifications, such as those of Parks
and the St. James University Hospital'’ did
not categorize fistulas into simple and com-
plex categories. The new classification pro-
posed by Garg'® divides fistulas into five
grades in the order of increasing complexi-
ty. Grades I and II are simple fistulas, and
fistulotomy can be performed conveniently
in these fistulas. Grades III, IV, and V are

highly complex fistulas, and fistulotomy
should not be attempted in these cases.

Anatomical aspects

Recently, Garg underlined the importance
of the intersphincteric space regarding com-
plex anal fistulas stating that almost all fis-
tulas have an element of intersphincteric
extension.'®'” Garg stated that the inter-
sphincteric tract in complex fistulas is like
an abscess in a closed space. Therefore,
managing these fistulas should incorporate
the principles of treating abscesses, such as
antibiotics, incision, and drainage with der-
oofing to ensure cavity drainage. Moreover,
Garg proposed three cardinal principles
when treating complex fistulas: 1) ISTAC
— the intersphincteric tract is like an abscess
in a closed space; 2) DRAPED - draining
all pus and ensuring continuous drainage;
and 3) HOPTIC - healing occurs progres-
sively until it is interrupted irreversibly by a
collection. Garg’s hypothesis may explain
why the ligation of an intersphincteric fis-
tula tract (LIFT) procedure is insufficient in
complex fistulas, as this procedure is effec-
tive in only 55% of highly complex fistu-
las.?®?' In complex fistulas, Garg
proposed the TROPIS procedure consisting
of transanal opening of the intersphincteric
space and deroofing the abscess,'® which
results in a >90% healing rate.

Molecular aspects

There have been a small number of studies
of the treatment of cryptoglandular fistulas
at the molecular and cellular level. A study
by Kubota et al.* confirmed the role of a
spray containing basic fibroblast growth
factor in the treatment of complex perianal
fistulas in infants. Another study revealed
that most (75%) cryptoglandular perianal
fistulas are lined with granulation tissue,
which suggests the role of an inflammatory
response.>> However, there are no further
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Table 1. New classification of perianal fistula with treatment guidelines proposed by Garg.'®

Category  Grade  Description Treatment guidelines

Simple I Low linear intersphincteric and trans- Fistulotomy should be possible in
sphincteric fistulas (less than 1/3 of almost all of these fistulas (>95%).
external sphincter involvement)

I Low intersphincteric and transsphinc- Fistulotomy should be possible in the
teric fistulas (less than 1/3 of external majority of these fistulas (>90%).
sphincter involvement)

Complex Il High linear transsphincteric fistula Fistulotomy should not be attempted.
(> /3 of external sphincter involve- FPR or sphincter-preserving proce-
ment) or a fistula associated with dures (LIFT, VAAFT, AFP, TROPIS,
Crohn’s disease, sphincter injury, OTSC clip, or FiLaC laser)
post-radiation exposure, or anterior
fistula in women

v Complex high (>1/3 external sphincter  Fistulotomy should not be attempted.
involvement) transsphincteric fistula FPR or sphincter-preserving proce-
with either: dures are recommended (LIFT,

IV-A: abscess VAAFT, AFP, TROPIS, OTSC clip,
IV-B: multiple tracts FiLaC laser). FPR and AFP should be
IV-C: horseshoe avoided in an abscess.
Preferably, refer these fistulas to a fis-
tula expert.
\ Transsphincteric (> 1/3 sphincter Fistulotomy should not be attempted.

involvement) with intersphincteric

supralevator extension

Sphincter-preserving procedures
recommended (LIFT, VAAFT, AFP,
TROPIS, OTSC clip). Preferably ter-
tiary referral centers.

FPR, fistulectomy with primary sphincter reconstruction; LIFT, ligation of intersphincteric fistula tract; VAAFT, video-
assisted anal fistula treatment; AFP, anal fistula plug; TROPIS, transanal opening of intersphincteric space; OTSC, over-the-

scope-clip proctology; FiLaC, fistula-tract laser closure.

reports on whether this type of spray is
useful in adults.

Recently, there has been enthusiasm for
the use of mesenchymal stem cells in the
treatment of complex perianal fistulas, pri-
marily in Crohn’s disease (CD). In a ran-
domized controlled trial of 49 patients with
complex perianal fistula (35 cryptoglandu-
lar, 14 with CD) by Garcia-Olmo et al.,** a
comparison of treatment with autologous
adipose-derived stem cells (ASC) plus
fibrin glue vs. treatment with fibrin glue
alone showed higher healing rates in the
ASC group vs the fibrin glue only group
(71% vs. 16%, respectively). A subgroup
analysis of patients with cryptoglandular

fistula also showed significantly greater effi-
cacy with ASC treatment than with fibrin
glue alone (71% vs. 17%, respectively).
However, a main limitation of the study
was that the authors used autologous stem
cells, which take approximately 4 months to
obtain and process before they are ready for
injection during the surgical procedure.
Thus, more recent studies of complex peria-
nal fistulas in CD have used allogeneic stem
cells, which are ready to use as soon as they
are thawed.25 However, the role of stem
cell therapy in the treatment of patients
with complex cryptoglandular perianal fis-
tulas has yet to be elucidated. Furthermore,
the mechanism of action behind stem cell
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therapy in humans remains incompletely
understood, although preclinical studies
proved that ASC act as immunomodula-
tors.”® In the presence of inflammatory
mediators, stem cells increase the produc-
tion of interleukin-10 (IL-10) and the
number of regulatory T cells, and also act
as T-lymphocyte inhibitors.”® Recent find-
ings further support the hypothesis that
cytokines and immune cells contribute to
the development and persistence of perianal
fistulas.''?

In a recent study, higher secretion of
proinflammatory cytokines, such as IL-
Ibeta and IL-8 were observed in perianal
fistulous tracts compared with normal
perianal tissue.'! Abundant expression of
the proinflammatory cytokine IL-1beta
was detected in 93% of the perianal fistulas
in the study. Additionally, the cytokines IL-
12 and tumor necrosis factor (TNF)-alpha
were overexpressed in a high number of
patients with perianal fistulas.

The role of epithelial-to-mesenchymal
transition (EMT) has been proven in
normal and neoplastic processes related to
wound healing.”® EMT and abnormal
integrity of the extracellular matrix (ECM)
have been seen in several human physiolog-
ical and pathological processes, and a pos-
sible role has been confirmed in the
pathogenesis of cryptoglandular perianal
fistula and CD-related perianal fistula.? '
The gene overexpression of transforming
growth factor (TGF)-beta, as a crucial mol-
ecule in EMT, and other typical EMT indi-
cators, was seen in tissue from
cryptoglandular perianal fistulas. Further
support for EMT and abnormal ECM
integrity has been confirmed by the lack
of expression of E-cadherin and a high
overexpression of protein kinase (RNA)-
like endoplasmic reticulum kinase (PERK)
and nuclear factor B (NFkB), two TGF-
beta-inducible intracellular agents associat-
ed with EMT and ECM.*?

The lipopolysaccharide (LPS) TGF-beta
and other bacterial remnants, play a role in
the development of chronic inflammatory
lesions and cause the release of proinflam-
matory cytokines and other molecules by
triggering EMT and causing abnormal
ECM integrity.** Therefore, EMT may pro-
mote an increased migration of epithelial
cells, which could contribute to fistula
canal development. Abnormal ECM integ-
rity significantly impairs fistula healing.
Additionally, in EMT, the secretion of
other enzymes, such as matrix metallopro-
teinases (MMP), by macrophages and
fibroblasts increases, which could affect
the formation of fistulous tracts. MMPs
facilitate fistula progression by degrading
the ECM and promoting cell migration.
MMP overexpression in perianal fistulas
associated with CD has been proven.’*
Once developed, a fistula canal could
allow entry of other pathogens, which
may promote further progression of chronic
inflammation. Recent immunological evi-
dence for the pathogenesis of fistulas in
CD patients indicates that an epithelial
defect caused by inflammation or injury
allows pathogen-associated patterns to
develop and induce various pathways medi-
ated by TNF-a, TGF-beta, 1L-13, MMPs,
and integrin alpha v beta (avb).*® These fac-
tors drive EMT, which allows cell invasion
and migration, resulting in a penetrating
fistulous tract lined by transitional cells.
However, this theory is mainly based on
the study of fistulas in CD patients, and it
is difficult to safely transfer this theory to
cryptoglandular fistula disease.

According to a study by Haddow et a
the cytokine and phosphoprotein profiles of
idiopathic and CD-related perianal fistulas
are broadly similar. Detailed profiling of 30
cytokines and chemokines and 39 phospho-
proteins at four biopsy sites showed that the
idiopathic and CD groups were strongly
comparable with only a few discrepancies.
Only two measurements showed a

1.’36
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significant difference between the groups:
IL-12 and the IL-1RA/IL-1§ ratio, both
at the internal opening. Tozer et al.’’
found that cryptoglandular and CD peria-
nal fistulas have similar levels of IL-2, IL-4,
IL-6, interferon (IFN)-y-inducible protein
10 (IP-10), TNF-o, and IFN-y in tissue cul-
ture supernatants, but also reported higher
numbers of T cells, lower expression of den-
dritic cell homing markers, and fewer clus-
ter of differentiation 65 (CD65)-positive
macrophages in CD-related perianal fistu-
las. Data provided by Haddow et al. con-
tributes to an emerging theory that
cryptoglandular and CD-related perianal
fistulas may not be as immunologically dis-
tinct as previously supposed, which intro-
duces the possibility that biological agents
used in CD-related perianal disecase may
also have a role in cryptoglandular perianal
fistulas.

The latest studies describe a significant
role of white adipose tissue (WAT), which
apart from its ability to respond to afferent
signals from the endocrine system and the
central nervous system, is also involved in
the expression and secretion of factors with
important functions.*® In fact, WAT produ-
ces and releases a wide range of pleiotropic
proteins, and those released entirely by
WAT are collectively named “adipokines”.
Among these, leptin, resistin, adiponectin,
and secreted frizzled-related protein 5
(SRFP5) may play promising key roles in
the development and suppression of the
inflammatory response, and their role has
been confirmed in other inflammatory dis-
orders, such as CD.** Abnormal adipokine
secretion appears to be involved in the
pathogenesis of different inflammatory dis-
eases. Fat wrapping or “creeping fat”,
defined as WAT hypertrophy and exten-
sion, is positively correlated with increased
inflammatory processes, and macrophage
and lymphocyte perivascular infiltration.*®
These findings and similar cytokine profiles
of cryptoglandular and CD perianal fistulas

identified by Haddow et al. suggest that
perianal fat tissue may play a crucial role
in fistula treatment. In a recent randomized
clinical trial by Garcia-Arranz et al.,*’ a sig-
nificant positive role was observed for
autologous ASC for treating complex cryp-
toglandular perianal fistulas.

Microbial aspects

The development of anal fistulas may
depend on the presence of specific gut bac-
teria in anorectal abscesses. Patients in
whom Escherichia coli and gut-specific
Bacteroides are found in abscess are more
likely to present later with anal fistulas.*!
Moreover, Toyonaga et al.*’ stated that
gut-derived microorganisms within anorec-
tal abscesses are more likely to be associat-
ed with the development of anal fistulas
than skin-derived organisms. One study
proposed that local bacterial replication
might be an inflammatory factor in crypto-
glandular perianal fistula development.'' In
a study by van Onkelen et al..*? a significant
level of proinflammatory peptidoglycans
was detected in most of the cryptoglandular
perianal fistulas. Peptidoglycan, as a main
component of the cell wall of both Gram-
negative and Gram-positive bacteria, pro-
vides structural strength and enables the
cell walls to resist osmotic pressure.
Peptidoglycan expresses its proinflamma-
tory properties by increasing the secretion
of IL-1beta. This indicates that even in the
absence of local living bacteria, bacterial
remnants promote chronic inflammation.
Recent studies of the inflammatory patho-
genesis of chronic diseases, such as CD,
confirm that peptidoglycans are powerful
stimulators of inflammation.** However,
Tozer et al.*’ suggested that there is scant
bacterial colonization of the luminal fistu-
lous tracts, which was proven by the very
marked paucity of mucosa-associated bac-
teria in the study’s samples. The authors’
theory, in contrast to what was previously
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Microbial
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Anatomy and tissue

* White adipose tissue
® Previous perianal abscess
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Figure |. Factors involved in the healing of cryptoglandular perianal fistulas.

thought, implies a less significant role of
bacteria in anal fistula pathology.
Moreover, the authors proposed that bac-
teria are unimportant in the persistence of
anal fistula. Data confirming this thesis are
insufficient; however, this shift in the etiol-
ogy of anal fistula would have a strong
impact on treatment; in particular, regard-
ing the use of antibiotics.

Conclusions and future
perspectives

The  underlying reasons for  the
development and persistence of crypto-
glandular perianal fistulas remain incom-
pletely understood. Recent studies suggest
a crucial role of multiple elements, such as
histological, microbiological, and molecular
factors (Figure 1). A better understanding
of the pathogenesis of cryptoglandular
perianal fistulas is fundamental to helping
surgeons  achieve  better  treatment
outcomes and could also lead to the devel-
opment of novel therapies. Therefore, fur-
ther studies in this area are important to
improve the therapeutic management of
cryptoglandular perianal fistulas. Future

research  following observations from
recent studies might contribute to a com-
prehensive explanation of the role of adipo-
kines in the pathogenesis of perianal fistula
and provide reliable markers for the disease
course and treatment efficacy, as well as
implicate novel, more rational therapeutic
approaches.
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