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Abstract

Purpose Currently, the anal fistula treatment which optimises healing and preserves bowel continence remains unclear. The
aim of our study was to compare the relative efficacy of different surgical treatments for AF through a network meta-analysis.
Methods Systematic searches of MEDLINE, EMBASE and CENTRAL databases up to October 2022 identified randomised
controlled trials (RCTs) comparing surgical treatments for anal fistulae. Fistulae were classified as simple (inter-sphincteric or
low trans-sphincteric fistulae crossing less than 30% of the external anal sphincter (EAS)) and complex (high trans-sphincteric
fistulae involving more than 30% of the EAS). Treatments evaluated in only one trial were excluded from the primary analyses
to minimise bias. The primary outcomes were rates of success in achieving AF healing and bowel incontinence.

Results Fifty-two RCTs were included. Of the 14 treatments considered, there were no significant differences regarding
short-term (6 months or less postoperatively) and long-term (more than 6 months postoperatively) success rates between any
of the treatments in patients with both simple and complex anal fistula. Ligation of the inter-sphincteric fistula tract (LIFT)
ranked best for minimising bowel incontinence in simple (99.1% of comparisons; 3 trials, n =70 patients) and complex
anal fistula (86.2% of comparisons; 3 trials, n =102 patients).

Conclusions There is insufficient evidence in existing RCTs to recommend one treatment over another regarding their short
and long-term efficacy in successfully facilitating healing of both simple and complex anal fistulae. However, LIFT appears
to be associated with the least impairment of bowel continence, irrespective of AF classification.
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Anal fistula is a pathological connection between the anal
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Although new strategies for classifying anal fistula have
been proposed [4], fistulae are commonly categorised as
“simple” and “complex” on the basis of their anatomical
course relative to the external anal sphincter (EAS) [5].
Simple anal fistula include inter-sphincteric or low trans-
Department of General Medicine, Tauranga Hospital, Te sphincteric fistulae, which cross less than 30% of the EAS
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[2, 6]. Complex anal fistula include high trans-sphincteric
fistulae, which have greater than 30% involvement of the
EAS, supra-sphincteric, extra-sphincteric, or horseshoe
fistulae, fistulae with secondary tracts, anterior fistulae (in
women), or those associated with inflammatory bowel dis-
ease, radiation, malignancy, pre-existing faecal incontinence
and chronic diarrhoea [5, 7].
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Surgical management of anal fistula is decided on the
basis of patient factors as well as anatomical complexity
relative to the EAS [8]. Anal fistulotomy is effective for
managing simple anal fistula, although it places patients at
risk of bowel incontinence due to partial or complete divi-
sion of the anal sphincter complex [9, 10]. For this reason,
several sphincter-preserving treatments have been devel-
oped, particularly for complex anal fistula. These include
loose setons [11], fibrin glue [12], collagen plug [13, 14],
anorectal advancement flap [15-17], ligation of the inter-
sphincteric fistula tract [18-20], fistula laser closure [21]
and, more recently, mesenchymal adipose-derived stem cell
injections [22-24]. These treatments are associated with
less impairment of bowel function, although their healing
rates vary considerably. Consensus regarding which treat-
ment reliably provides the highest rate of healing whilst also
preserving bowel continence is lacking.

Network meta-analysis (NMA) allows for a coherent
ranking of multiple treatments through direct comparisons,
using evidence presented in several randomised controlled
trials (RCTs), and statistically derived indirect comparisons
[25, 26]. The aim of this study was therefore to compare
the relative efficacy between different surgical treatments
for simple and complex anal fistula through a NMA, which
could assist surgeons in counselling patients about the risks
and benefits of each treatment and in deciding on the most
suitable option for managing anal fistula.

Methods

The protocol for this review was prospectively recorded
on PROSPERO (ID CRD42021288310) [27]. The study
was performed in accordance with the Preferred Reporting
Items for Systematic reviews and Meta-Analyses (PRISMA)
guidelines, with extension for NMA (the PRISMA-NMA
checklist is shown in Supplementary Appendix 1) [28].

Search strategy

The MEDLINE, EMBASE, and Cochrane Controlled
Register of Trials (CENTRAL) databases were system-
atically searched in December 2021, with results updated
to October 2022. Boolean operators (“AND”/“OR”) were
used to combine keywords and Medical Subject Headings
(MeSH) for different anal fistula treatments (Supplementary
Appendix S2).

Study selection
All RCTs comparing at least two surgical treatments in

patients undergoing elective surgery for managing anal
fistula were eligible for inclusion. Simple anal fistula
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included inter-sphincteric and low trans-sphincteric fis-
tula crossing less than 30% of the EAS, and complex anal
fistula included high trans-sphincteric fistulae (involving
more than 30% of the EAS), supra-sphincteric, extra-
sphincteric, or horseshoe fistulae, fistulae with secondary
tracts, anterior fistulae (in women), and fistulae secondary
to pre-existing faecal incontinence [5]. For the purposes of
our analyses, recurrent anal fistula were classified as either
simple or complex according to their anatomical course
and/or characteristics. Studies were restricted to those
conducted in human, adult patients (at least 18 years old),
although there were no restrictions on publication date
or language. One investigator (WX) was able to translate
relevant non-English studies to facilitate their inclusion
in the final review [29, 30]. Titles/abstracts and poten-
tially relevant full-texts were independently reviewed after
removal of duplicate records [31, 32], with any discrep-
ancies settled by discussion and with input from senior
authors as required.

Studies with non-randomised designs (e.g. prospective/
retrospective cohort studies, case—control studies, case
series and case reports), where anal fistulae were managed
nonoperatively, and those conducted in paediatric patients
(less than 18 years old) or in patients with anal fistula sec-
ondary to inflammatory bowel disease (IBD), radiation,
malignancy, and chronic diarrhoea, were excluded. Edito-
rial letters, book chapters, conference abstracts, and trial
protocols were also excluded, as were records in which
the full text could not be sourced. Reference lists of rel-
evant reviews were screened to identify additional studies,
although the studies themselves were excluded.

Data extraction

Extracted data included information on study character-
istics (first author, publication year, trial location, treat-
ment comparisons, follow-up period), patient demographic
characteristics (number of patients randomised and subse-
quently treated, age, sex), and anal fistula characteristics
(simple versus complex classification, location, and length
of the tract). Accuracy of these data were validated by two
reviewers independently (WX, CV). Any inconsistencies
in the data were resolved via discussion and with media-
tion by a senior author if necessary.

Corresponding authors were contacted to resolve
instances of ambiguous data [33]. Estimates of the mean
and standard deviation (SD) were derived for continuous
data reported as the median and range (or interquartile
range) using validated methods [34-36]. WebPlotDigi-
tizer (Version 4.5; Pacifica, California, USA) was used to
extract data that were reported in the form of graphs and/
or figures [37].
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Quality assessment

The Cochrane Collaboration’s Risk of Bias 2.0 (ROB2) tool
was used by three reviewers to independently evaluate the
methodological quality of included RCTs (SB, WX, ND)
[38]. Discrepancies in study quality were discussed between
the reviewers until consensus was reached.

Outcome measures

The main outcomes were rates of success and bowel incon-
tinence. Success was defined as complete healing of the anal
fistula without recurrence or persistence of symptoms on
follow-up, and was measured in the short term (6 months
or less after surgery) and long term (more than 6 months
after surgery). Healing was defined on the basis of clini-
cal examination, and/or endoanal ultrasound scan (USS) or
pelvic magnetic resonance imaging (MRI) findings, or was
self-reported by patients on the basis of the resolution of
symptoms at follow-up. Bowel incontinence was defined as
incontinence to either gas, liquid and/or solid stool. Second-
ary outcomes included hospital length of stay (LOS) and
overall postoperative complication rates. These outcomes
were analysed separately for patients with simple and com-
plex anal fistula.

Statistical analysis

An intention-to-treat Bayesian NMA with a non-informative
prior distribution was performed in RStudio (Version 4.2.2;
Posit PBC, Boston, Massachusetts, USA).

All direct treatment comparisons were visually repre-
sented through network plots for each outcome. The size of
each node correlated with the number of patients randomised
to each treatment, and the thickness of each line connecting
two nodes was proportional to the number of RCTs compar-
ing those two treatments. Fistulectomy was used as the refer-
ence treatment for comparisons in simple anal fistulae, while
advancement flap was used in cases of complex anal fistu-
lae. Continuity corrections of one were applied to both the
numerator and denominator of each treatment arm to facili-
tate inclusion of categorical outcomes with zero observed
events [39]. Effect sizes were reported as the log OR for
categorical outcomes [40, 41], and mean difference (MD)
for continuous outcomes, with their respective 95% cred-
ible interval (CrI). Differences were considered statistically
significant if the 95% Crl did not cross zero (the no-effect
line). Treatments assessed in only one trial, which were not
connected to at least two treatments through the network,
were excluded from the primary analysis to minimise bias
resulting from single-trial effects. For each outcome, results
were illustrated through a rankogram plot, surface under the
cumulative ranking (SUCRA) curve, heat plot, and forest

plot. Rankograms were used to visualise the relative effec-
tiveness of each treatment as stacked bar plots representing
the probability of each intervention to achieve each rank.
SUCRA curves illustrate the relative ranking probability (i.e.
SUCRA values) of each intervention; the horizontal axis is
the probability a treatment would fall within that rank [42].
SUCRA values ranged from 0 to 100%, with higher values
indicating a greater probability of being the best perform-
ing treatment for a particular outcome [43]. Heat plots were
used to illustrate the effect size (OR or MD with their cor-
responding 95% CrI) for each treatment compared with one
another, while forest plots were used to display the effect
size of each treatment relative to a treatment of reference
[42]. The I statistic was used to quantify the percentage of
total variability in effect size across trials that is attributable
to true heterogeneity rather than chance, and was calculated
for each direct comparison of treatments [44].

For NMA results to be valid, the conditions of consist-
ency and transitivity must be maintained. Consistency refers
to the assumption that effect sizes derived from indirect and
direct comparisons are similar [45, 46]. Transitivity refers
to the assumption that potential modifiers of treatment effect
sizes are equally distributed across all RCTs [45]. This was
assessed by comparing demographic data (e.g. age and sex)
of patients randomised to each treatment, and geographic
study location(s) between the different treatments analysed.

Sensitivity analysis

Sensitivity analyses were performed by assessing all treat-
ments, to examine the impact of bias introduced when treat-
ments were analysed in only a single study.

Results
Search results

Database searches identified 703 records, from which 52
RCTs were included (Fig. 1 and Supplementary Appen-
dix S3). Five RCTs were excluded on the basis of their inclu-
sion of patients with anal fistula secondary to IBD [47-51].

Study characteristics

Characteristics of the included studies are detailed in
Table 1. The highest proportion of trials were conducted
in China (19%, 10/52), followed by Egypt (13%, 7/52) and
Spain (12%, 6/52). There were eight multicentre RCTs,
including a median of 6 (IQR 5-16) hospitals; it was unclear
how many hospitals were included in one study [52].
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PRISMA 2020 flow diagram for new systematic reviews which included searches of databases and registers only
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Fig. 1 Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) flow diagram highlighting the selection process for eli-

gible randomised controlled trials

Patient characteristics and treatments comparisons

A total of 4157 patients were randomised, of which 4069
participants were included in the final analyses (1799 with
simple and 2270 with complex anal fistula; Table 1). There
was substantial heterogeneity in anal fistula definitions
across the included trials (Supplementary Appendix S4).

Overall, 33 different surgical treatments were analysed
(Table 1). Thirteen different treatments were trialled in the
22 studies including patients with simple anal fistula, while
28 different treatments were analysed in the 30 studies of
patients with complex anal fistula.

@ Springer

Quality assessment

The majority of RCTs were assessed as being at high ROB
(69.2%, 36/52 studies; Supplementary Fig. S1). This pre-
dominantly resulted from biases in how outcomes were
measured (63.5%, 33/52) or due to the lack of blinding
among patients and/or surgeons (53.8%, 28/52); although
in two of these studies, ‘moderate’ rather than high ROB
was assigned as outcome assessors remained blinded [79,
80]. Detection bias was low as there were no missing out-
come data in all but one study (98.1%, 51/52) [30]. Quality
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Table 1 Summary characteristics of included randomised controlled trials

First author (year) Geographic location(s) No. of centres Anal fistula  Treatment No. of patients®
classifica-
tion
A ba-bai-ke-re (2010) [83] China 1 Complex Collagen plug 45 (45)
Advancement flap 45 (45)
A ba-bai-ke-re (2012) [53] China 1 Complex Collagen plug with seton 20 (20)
Seton 20 (20)
Al Sebai (2021) [92] Egypt 1 Simple LIFT 15 (15)
Fistulotomy 15 (15)
Altomare (2011) [54] Italy 7 Complex Collagen plug 39 (38)
Seton 25 (24)
Anan (2019) [93] Egypt 1 Simple Fistulotomy with marsupialisation 31 (30)
Fistulotomy 31 (30)
Bondi (2017) [55] Norway, Sweden 3 Complex Collagen plug 48 (41)
Advancement flap 46 (40)
Chalya (2013) [94] Tanzania 1 Simple Fistulotomy with marsupialisation 80 (80)
Fistulotomy 82 (82)
Chen (2005) [29] China 1 Complex Seton 96 (96)
Fistulectomy 96 (96)
Cwalinski (2021) [56] Poland 1 Complex Topical platelet-rich plasma following 10 (10)
fistula drainage
Topical platelet-rich plasma 8 (8)
de la Portilla (2019) [57]  Spain 1 Complex Topical platelet-rich plasma 32(29)
Fibrin glue 24 (21)
Dong (2020) [81] China 1 Simple LIFT 45 (45)
Fistulectomy 45 (45)
Ellis (2006) [58] USA 1 Complex Advancement flap with collagen plug 28 (28)
Advancement flap 30 (30)
Elshamy (2022) [101] Egypt 1 Complex LIFT 25 (22)
Modified fistulotomy 25 (21)
Seton 25 (23)
Filingeri (2004) [59] Italy 1 Simple Radiofrequency fistulectomy 11 (10)
Fistulotomy 11 (10)
Garcia-Arranz (2020) [84] Spain 5 Complex Adipose-derived stem cells with collagen 23 (20)
plug
Fibrin glue 21 (19)
Garcia-Olmo (2009) [85]  Spain 1 Complex Adipose-derived stem cells with collagen 24 (24)
plug
Fibrin glue 25 (25)
Goudar (2020) [60] India 1 Simple LIFT 30 (30)
Fistulectomy 30 (30)
Gupta (2003) [61] India 1 Simple Radiofrequency fistulotomy 50 (50)
Fistulotomy 50 (50)
Hammond (2009) [86] UK 1 Complex Collagen plug 13 (13)
Fibrin glue 16 (15)
Han (2016) [62] China 5 Complex LIFT with collagen plug 119 (117)
LIFT 120 (118)
Hermann (2022) [63] Poland 1 Complex Topical platelet-rich plasma 49 (49)
Advancement flap 47 (47)
Herreros (2012) [64] Spain 19 Complex Adipose-derived stem cells with fibrin glue 66 (60)
Adipose-derived stem cells 68 (64)
Fibrin glue 66 (59)
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Table 1 (continued)

First author (year) Geographic location(s) No. of centres Anal fistula Treatment No. of patients®
classifica-
tion
Ho (1998) [95] Singapore 1 Simple Fistulotomy with marsupialisation 51 (51)
Fistulotomy 52 (52)
Ho (2001) [65] Singapore 1 Simple Seton 46 (46)
Fistulotomy 54 (54)
Ho (2005) [52] Singapore NS Simple Advancement flap 10 (10)
Fistulotomy 10 (10)
Jain (2012) [96] India 1 Simple Fistulotomy with marsupialisation 20 (20)
Fistulectomy 20 (20)
Kalim (2017) [66] Pakistan 1 Simple Fistulectomy 152 (152)
Fistulotomy 152 (152)
Khoshnevis (2022) [79] Iran 1 Complex “JUMP” techniqucb 65 (65)
Seton 65 (65)
Kronborg (1985) [97] Denmark 1 Simple Fistulotomy 26 (26)
Fistulectomy 21 (21)
Kumar (2022) [87] India 1 Complex Advancement flap 42 (42)
LIFT 42 (42)
Madbouly (2014) [91] Egypt 1 Complex LIFT 35 (35)
Advancement flap 35 (35)
Madbouly (2021) [67] Egypt 1 Complex LIFT with topical platelet-rich plasma 49 (49)
LIFT 49 (49)
Mascagni (2018) [68] Italy 1 Simple Incision-thread drawing 15 (15)
Fistulectomy with primary sphincter 15 (15)
reconstruction
Mushaya (2012) [88] Australia 1 Complex LIFT 25 (25)
Advancement flap 14 (13)
Nazeer (2012) [98] Pakistan 1 Simple Fistulectomy 75 (75)
Fistulotomy 75 (75)
Nour (2020) [100] Egypt 1 Simple Fistulotomy with marsupialisation 35(35)
Fistulotomy 35(35)
Ortiz (2009) [80] Spain 1 Complex Collagen plug 16 (15)
Advancement flap 16 (16)
Perez (2006) [69] Spain 1 Complex Advancement flap 27 (27)
Fistulotomy with primary sphincter recon- 28 (28)
struction
Pescatori (2006) [70] Italy 1 Complex Fistulotomy with marsupialisation 22 (22)
Fistulectomy 24 (24)
Rezk (2022) [71] Egypt 1 Simple LIFT with adipose-derived stem cells 35 (35)
LIFT 35(35)
Sahakitrungruang (2011)  Thailand 1 Simple Fistulotomy with marsupialisation 25 (25)
[72] Fistulotomy 25(25)
Schwandner (2018) [89] Germany 6 Complex Collagen plug 43 (33)
Advancement flap 39 (33)
Singer (2005) [73] USA 16 Complex Fibrin glue with antibiotics 24 (24)
Fibrin glue with fistula closure surgery 25 (25)
Fibrin glue with antibiotics followed by 26 (26)
fistula closure surgery
Sgrensen (2021) [74] Denmark 1 Complex Fistulectomy with primary sphincter 22 (22)
reconstruction
Video-assisted anal fistula treatment 23 (23)
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Table 1 (continued)

First author (year) Geographic location(s) No. of centres Anal fistula Treatment No. of patients®
classifica-
tion
van der Hagen (2011) [90] Netherlands 1 Complex Fibrin glue 15 (15)
Advancement flap 15 (15)
van Koperen (2011) [75]  Netherlands 6 Simple Collagen plug 3131
Advancement flap 29 (29)
Vinay (2017) [99] India 1 Simple LIFT 25 (25)
Fistulotomy 25 (25)
Wang (2012) [30] China 1 Complex Suture dragging with pad compression 30 (30)
Fistulotomy 30 (30)
Wang (2021) [76] China 1 Simple Modified fistulotomy 63 (63)
Fistulotomy 62 (62)
Wu (2021) [33] China 1 Simple Video-assisted modified LIFT 37 (37)
Incision-thread drawing 30 (30)
Yan (2020) [77] China 1 Complex Fistulectomy with seton 40 (40)
Seton 40 (40)
Zhang (2020) [78] China 1 Complex Video-assisted anal fistula treatment 37 (37)
Fistulotomy with seton 38 (38)

LIFT ligation of the inter-sphincteric fistula tract, NS not stated

*Parenthesis indicate patients who were randomised and received each treatment (i.e. those who were included in the final analyses)

Inversion of the fistula tract

assessments for individual trials based on each of the five
ROB domains are reported in Supplementary Fig. S2.

Transitivity analysis

Demographic characteristics (age and sex) of patients
randomised to each treatment varied considerably (Sup-
plementary Appendix S5, A & B), with the mean age of
patients ranging from 30.4 to 53.1 years old, and proportion
of female patients ranging from 0 to 60%. Substantial geo-
graphical diversity among the different surgical treatments
assessed was also observed (Supplementary Appendix S5,
C), with the novel treatments (i.e. which were employed in
only a single trial) mostly originating from China, India,
Poland, Spain, and Egypt.

Primary outcomes
Short-term success (< 6 months after surgery)

Success rates in the short term were reported in two studies
of 150 participants with simple anal fistula, in which two
treatments were compared: ligation of the inter-sphincteric
fistula tract (LIFT) versus fistulectomy (Fig. 2a) [81, 82].
There were no significant differences in rates of success
between LIFT and fistulectomy (log OR —1.2,95% Crl —5.7
to 3.4; Fig. 3a—c).

Short-term success of complex anal fistulae was evaluated
in eight trials, consisting of 424 participants, in which five
different treatments were assessed: collagen plug, advance-
ment flap, LIFT, fibrin glue, and adipose-derived stem cells
combined with a collagen plug (Fig. 2b) [84-91]. Rates of
success of anal fistula healing were not significantly different
between any of the treatments (Fig. 4a—d).

Long-term success (>6 months after surgery)

No trials described long-term success rates for different
treatments among participants with simple anal fistulae.

Four trials assessed rates of success in the long-term
among 251 participants with complex anal fistula, in which
three different treatments were compared: LIFT, advance-
ment flap, and collagen plug (Fig. 2¢) [80, 87, 89, 91]. On
the available evidence, these three treatments did not differ
from one another in terms of their efficacy for achieving
long-term success regarding anal fistula healing (Fig. 5Sa,
b). LIFT ranked as the best performing treatment in 92.3%
of comparisons (n=2 trials with 77 participants) (Table 3,
Fig. 5¢c—d).

Bowel incontinence

Rates of bowel incontinence were evaluated in 10 trials,
including 772 participants with simple anal fistula, and
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Fig.2 Network plots depict- A
ing all direct comparisons LIET
between different treatments

for the following outcomes:

short-term success (< 6 months

after surgery) in patients with

a simple and b complex anal

fistula, ¢ long-term success (> 6

months after surgery) in patients

with complex anal fistula, and

bowel incontinence among

patients with d simple and e

complex anal fistula (nodes

correlated with the number of

patients receiving each treat-

ment, while the thickness of

each line connecting two nodes

was proportional to the number C eGP
of trials in which each treatment

was assessed. (AF, advancement

flap; ASC-CP, adipose-derived

stem cells combined with a col-

lagen plug; CP, collagen plug;

FE, fistulectomy; FG, fibrin

glue; FO, fistulotomy; FO-M,

fistulotomy with marsupialisa-

tion; LIFT, ligation of the inter-
sphincteric fistula tract)

LIFT

FG

comparing four different treatments: LIFT, fistulotomy with
marsupialisation, fistulotomy, and fistulectomy (Fig. 2d) [82,
92-100]. LIFT resulted in significantly lower rates of bowel
incontinence compared to fistulotomy with marsupialisa-
tion (log OR —30.5, 95% Crl —75.1 to —0.8), fistulotomy
(log OR —32.1, 95% Crl —76.4 to —2.3), and fistulectomy
(log OR —34.0,95% Crl —77.9 to —4.0) (Fig. 6a, b). Of
these treatments, LIFT ranked best for minimising rates
of bowel incontinence (in 99.1% of comparisons; n=3
trials with 70 participants), while fistulectomy was the
worst performing treatment and ranked best in only 6.8%
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of comparisons (n=>5 trials with 228 participants; Table 2,
Fig. 6c, d).

In the setting of complex anal fistula, bowel inconti-
nence was analysed in six trials, comparing four treat-
ments (LIFT, fibrin glue, collagen plug, and advancement
flap) among 340 participants (Fig. 2e) [83, 86-88, 90,
91]. LIFT was associated with significantly lower rates of
bowel incontinence compared with collagen plug (log OR
—-21.9, 95% Crl —70.3 to —0.5) and advancement flap
(log OR —23.8, 95% CrI —71.7 to —2.6), but not rela-
tive to fibrin glue (log OR — 7.7, 95% Crl —68.0 to 43.7)



Techniques in Coloproctology (2023) 27:827-845

835

Fig.3 Short-term success rates A
(< 6 months after surgery) com-
paring treatments in patients
with simple anal fistula demon-
strated by a forest plot (LIFT vs.
fistulectomy), b SUCRA curve Dong 2020 35
of relative ranking probabilities, Goudar 2020 2
and ¢ rankogram plot. (FE, fis- Random effects model
tulectomy; LIFT, ligation of the Heterogeneity: /% = 89%, p < 0.01
inter-sphincteric fistula tract)
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(Fig. 7a, b). Among the treatments assessed, LIFT ranked
the best (in 86.2% of comparisons; n=3 trials with 102
participants), while advancement flap was the worst per-
forming treatment, ranking best in only 10.3% of com-
parisons (n=>5 trials with 150 participants) (Table 3,
Fig. 7c, d).

FE LIFT
Treatment
(Higher rankings associated with larger outcome values)

Secondary outcomes

Hospital length of stay

1
2

Two studies assessed hospital length of stay, comparing
two treatments (fistulotomy with marsupialisation and
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Fig.4 Different treatment com- A
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fistulotomy) among 263 participants with simple anal fis-
tula (Supplementary Appendix S6) [94, 95]. The duration
of hospitalisation did not differ between fistulotomy with
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marsupialisation versus fistulotomy (MD — 0.4, 95% Crl
—1.6 to 0.9) (Supplementary Appendix S6 and Table S7).

Hospital LOS could not be evaluated in participants
with complex anal fistula as no single treatment was evalu-
ated in more than one trial (Table S8).
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Fig.5 Long-term success rates A
(> 6 months after surgery)

between different treatments

in patients with complex anal

fistula illustrated using a forest

plot (relative to advancement

flap), b heat plot, c SUCRA

curve, and d rankogram plot

(AF, advancement flap; CP, col-
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95]. Postoperative complications rates were similar between
fistulotomy with marsupialisation and fistulotomy (log OR
—0.7,95% Crl —2.2 to 0.7) (Supplementary Appendix S6
and Table S9).

Overall postoperative complications

Two studies evaluated overall postoperative complication
rates, comparing two different treatments (fistulotomy with

marsupialisation versus fistulotomy) in 163 participants
with simple anal fistula (Supplementary Appendix S6) [93,

Overall postoperative complications were also assessed
in two studies, comparing two treatments (LIFT versus

@ Springer
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Fig.6 Comparisons between A
different treatments for mini-
mising bowel incontinence in
patients with simple anal fistula
demonstrated using a forest
plot (relative to fistulectomy),

b heat plot, ¢ SUCRA curve,
and d rankogram plot (FE,
fistulectomy; FO, fistulotomy;
FO-M fistulotomy with marsu-
pialisation; LIFT, ligation of the
intersphincteric fistula tract)
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advancement flap) in 108 participants with complex anal  advancement flap (log OR —0.5,95% CrI —1.9 to 0.9) (Sup-
fistula (Supplementary Appendix S6) [88, 91]. Complication  plementary Appendix S6 and Table S10).
rates were not significantly different between LIFT versus
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Table2 SUCRA ranking probabilities among treatment comparisons
for short-term success rates and bowel incontinence in patients with
simple anal fistula

Treatment No. of trials Total partici- SUCRA
pants value
(rank)
Short-term success (<6 months after surgery)?
Fistulectomy 2 75 82.5(1)
LIFT 2 75 17.5 (2)
Bowel incontinence®
LIFT 3 70 99.1 (1)
Fistulotomy with 5 216 61.5(2)
marsupialisation
Fistulotomy 7 258 32.6 (3)
Fistulectomy 5 228 6.8 (4)

LIFT ligation of the inter-sphincteric fistula tract, SUCRA surface
under the cumulative ranking

2Complete healing of the anal fistula without recurrence or persis-
tence of symptoms on follow-up. Healing was defined on the basis of
clinical examination, and/or endoanal ultrasound scan (USS) or pel-
vic magnetic resonance imaging (MRI) findings, or was self-reported
by patients on the basis of the resolution of symptoms at follow-up

YDefined as incontinence to either gas, liquid, and/or solid stool

Sensitivity analysis

Results of the sensitivity analyses, when all treatments were
assessed, are reported in Supplementary Appendix S6, with
narrative summaries provided in Supplementary Appen-
dix S7. Findings were concordant with the overall analysis.
LIFT consistently ranked first in terms of minimising bowel
incontinence for both simple and complex anal fistula. For
patients with simple anal fistula, LIFT resulted in signifi-
cantly lower rates of bowel incontinence compared with fis-
tulotomy, fistulectomy, and seton. With respect to complex
anal fistula, LIFT was associated with less bowel inconti-
nence compared to fistulotomy with marsupialisation, fis-
tulectomy, collagen plug, fistulotomy, advancement flap, fis-
tulotomy with primary sphincter reconstruction, and suture
dragging with pad compression. Success rates in the short
and long term, hospital LOS, and overall postoperative com-
plication rates were not significantly different between any
of the treatments for both simple and complex anal fistula.

Inconsistency and heterogeneity analysis

On visual inspection of the consistency models, system-
atic inconsistencies between indirect and direct treatment
effects within the network were observed for short-term suc-
cess in patients with complex anal fistulae, and for overall
complication rates in patients with both simple and com-
plex anal fistulae (Supplementary Appendix S8). Results of
the heterogeneity analysis are reported in Supplementary

Appendix S9. Variability in effect sizes between trials was
largely attributable to true heterogeneity rather than chance
with respect to both short-term and long-term success. For
short-term success, such variability was observed between
studies comparing LIFT versus fistulectomy (I>=75%) [82,
83] in patients with simple anal fistula, and LIFT versus
advancement flap (>=82%) [87, 88] in patients with com-
plex anal fistula. For long-term success in patients with com-
plex anal fistulae, studies comparing advancement flap with
collagen plug also demonstrated variability in their effect
sizes that was mainly due to true heterogeneity rather than
chance (I*=86%) [80, 89].

Discussion

This study compared the relative efficacy of various surgi-
cal treatments for optimising healing and minimising bowel
incontinence among 52 RCTs including patients with sim-
ple or complex anal fistula. A large number of treatments
were identified, although many of the novel treatments were
excluded from the primary analyses as they were studied
in only a single trial, including a small number of patients.
Of the commonly studied treatments, LIFT was associated
with the least impact on bowel continence, irrespective of
anal fistula classification and despite the sensitivity analy-
sis in which all treatments were included. There were no
differences between treatments for short-term success rates
(6 months or less from surgery), hospital LOS and over-
all postoperative complications in patients with simple and
complex anal fistulae. Treatment efficacy for achieving long-
term success (more than 6 months after surgery) were also
similar for complex anal fistula, whilst long-term success
could not be evaluated because of the lack of trials evaluat-
ing this outcome in patients with simple anal fistula.

Two previous NMAs have also assessed the optimum
treatment for preserving anal sphincter function, specifically
for patients with complex anal fistula [102, 103]. The more
recent of these reviews concluded that the “TROPIS” pro-
cedure achieves the best rate of healing, whilst an improved
LIFT (“imLIFT”) technique was associated with the lowest
incidence of complications [102]. However, the reliability
of these conclusions may be limited by the inclusion of evi-
dence derived from non-randomised (cohort) studies, which
introduces selection and confounding bias. Furthermore,
novel treatments such as the imLIFT technique, which were
studied in only a single RCT with a small number of patients,
were also included in their NMA. Effect sizes for these treat-
ments were obtained mostly from statistically derived indi-
rect comparisons because of the scarcity of direct evidence
from head-to-head trials, and were associated with high
levels of imprecision resulting from underpowered analyses
[25]. The latter study was conducted in 2017, and pooled
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evidence presented in 20 RCTs which included patients with
only complex anal fistula [103]. However, 21 trials evaluat-
ing the efficacy of different treatments in patients with anal
fistula have been published since then. The current NMA
utilised these latest data presented in all 52 relevant RCTs,
in addition to analysing the efficacy of different treatments
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among patients with both simple and complex anal fistula,
highlighting its strength. Moreover, to minimise bias, the
primary analyses included only treatments that were con-
nected to at least two other treatments in the network (i.e.
treatments that were evaluated in more than one trial), thus
facilitating a more robust NMA.
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Table3 SUCRA ranking probabilities among treatment compari-
sons for short and long-term success rates and bowel incontinence in
patients with complex anal fistula

Treatment No. of trials Total par- SUCRA
ticipants value
(rank)
Short-term success (<6 months after surgery)?
Fibrin glue 4 74 62.7 (1)
LIFT 2 67 51.3(2)
Advancement flap 5 148 50.8 (3)
Collagen plug 3 91 46.2 (4)
Adipose-derived stem 2 44 39.0 (5)
cells with a collagen
plug
Long-term success (> 6 months after surgery)*
LIFT 2 77 92.3 (1)
Advancement flap 4 126 479 (2)
Collagen plug 2 48 9.8(3)
Bowel incontinence®
LIFT 3 102 86.2 (1)
Fibrin glue 2 30 66.1 (2)
Collagen plug 2 58 37.4 (3)
Advancement flap 5 150 10.3 (4)

LIFT ligation of the inter-sphincteric fistula tract, SUCRA surface
under the cumulative ranking

4Complete healing of the anal fistula without recurrence or persis-
tence of symptoms on follow-up. Healing was defined on the basis of
clinical examination, and/or endoanal ultrasound scan (USS) or pel-
vic magnetic resonance imaging (MRI) findings, or was self-reported
by patients based on the resolution of symptoms at follow-up

®Defined as incontinence to either gas, liquid, and/or solid stool

LIFT is primarily indicated for trans-sphincteric fistulae,
where the fistula tract passes through the inter-sphincteric
space [19, 104—106]. Horseshoe fistula and those second-
ary to Crohn’s disease have been identified as significant
predictors for failure after LIFT [19]. The anatomical cur-
vature of horseshoe fistula tracts mean it is more challeng-
ing to achieve complete eradication, as the curved extent of
the track in the deep post-anal space may not be adequately
drained, providing a nidus for cryptoglandular sepsis to
recur [19]. Perianal fistulae secondary to Crohn’s disease
are associated with an increased incidence of irregular fistula
tracks, including those that are curved and/or contain mul-
tiple external openings [107, 108]. For this reason, studies
which included patients with anal fistula deemed secondary
to IBD were excluded from the present review. Appropriate
patient selection for LIFT is therefore paramount, although
current data lacks granularity to accurately differentiate out-
comes based on fistula location. Nonetheless, the NMA has
shown that LIFT appears to have the least impact on bowel
continence amongst patients with all types of cryptoglan-
dular anal fistula.

In this review, treatment efficacy was evaluated for simple
and complex fistula separately. However, there was signifi-
cant heterogeneity in terms of how anal fistulae were defined
by individual authors across the included trials. Fistulae
were commonly classified on the basis of clinical impres-
sion following a digital rectal examination, although proc-
toscopy, endoanal USS and pelvic MRI were also utilised in
many cases. With respect to this observed variability, there
remains a need to reach a consensus on an appropriate sys-
tem for classifying anal fistula. This issue was not addressed
in the most recent Association of Coloproctology of Great
Britain and Ireland (ACPGBI) position statement on anal
fistula management [8], although the European Society of
Coloproctology (ESCP) are currently working to develop
a definition consensus [109]. This will facilitate greater
comparability of treatment efficacy between studies, and
aid surgeons in deciding on the most suitable treatment in
view of the anatomical course and complexity of a patient’s
anal fistula.

There are some limitations to this study. Our primary
analysis included only treatments which were assessed
in multiple (i.e. more than one) RCTs. However, this was
determined a priori, to improve statistical rigor relative to
previous NMA estimates in this field [102, 103]. The inher-
ent consequence of this was the inability to compare more
sparsely studied interventions for managing simple and
complex anal fistula. However, the results of our sensitivity
analyses, when all treatments were included, were concord-
ant with our overall results. In the future, these novel proce-
dures need further study in larger trials, to better elucidate
their comparative efficacy in managing simple and complex
anal fistula. While the focus of this review was primarily on
ascertaining the anal fistula treatment which best balances
success in achieving anal fistula healing with preservation
of anal sphincter continence, this proved difficult owing to
variability in how these outcomes were measured (Sup-
plementary Appendix S10), and in the timing of follow-up
(Supplementary Appendix S11). Healing was either subjec-
tively recorded (in 63.5% of studies, 33/52), or was based
on objective clinical criteria (i.e. physical examination or
pelvic MRI findings) but were recorded by investigators who
were not blinded to the treatment received. Distinguishing
between the different severities of bowel incontinence (i.e.
those who developed incontinence to gas versus liquid ver-
sus solid stool) was also not possible because of substantial
ambiguity in how these data were reported. Future trials
should therefore consider consistently reporting on a core
set of outcomes using standardised definitions [110, 111],
so that surgeons may accurately educate and counsel patients
on the relative risks and efficacy of each treatment option
for anal fistula. Additionally, in contrast to the two previ-
ous NMAs on this topic [102, 103], to attempt to mitigate
the inconsistencies in follow-up duration between trials, the
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efficacy of each treatment for achieving healing was meas-
ured at two time points (6 months or less and more than
6 months after surgery). Despite this, the results for long-
term efficacy of different treatments should be interpreted
with caution given the limited long-term follow-up data that
are available in existing RCTs, highlighting a need for future
studies to collect higher quality data over a longer period of
time following anal fistula surgery.

Conclusions

On the basis of existing RCT data, there is insufficient evi-
dence to recommend one treatment over another regarding
their short and long-term efficacy in successfully facilitating
healing of both simple and complex anal fistula. However,
LIFT appears to be associated with the least impairment of
bowel continence irrespective of anal fistula classification.
The generalisability of these findings may be limited by the
lack of standardised preoperative investigations and classi-
fication systems for anal fistula, variability in the reporting
of healing and incontinence outcomes and their definitions,
together with the fact that some novel techniques were stud-
ied in only a small number of patients with short durations
of follow-up, and in select geographical areas.
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