www.impactjournals.com/oncotarget/

Oncotarget, 2017, Vol. 8, (No. 58), pp: 99075-99084

Meta-Analysis

The best surgical strategy for anal fistula based on a network
meta-analysis

Qi Wang?, Yukun He? and Jun Shen?

The 1st Department of Gastrointestinal Surgery, Renmin Hospital of Wuhan University, Hubei Province, Wuhan 430060,
P.R. China

2Department of General Surgery, Zhongnan Hospital of Wuhan University, Hubei Province, Wuhan 430071, P.R. China
3Emergency Center, Zhongnan Hospital of Wuhan University, Hubei Province, Wuhan 430071, P.R. China
Correspondence to: Jun Shen, email: WuhanSJEC@163.com

Keywords: surgical strategy, anal fistula, network meta-analysis

Received: August 14, 2017 Accepted: September 23, 2017 Published: October 12, 2017

Copyright: Wang et al. This is an open-access article distributed under the terms of the Creative Commons Attribution License 3.0 (CC BY
3.0), which permits unrestricted use, distribution, and reproduction in any medium, provided the original author and source are credited.

ABSTRACT

Objective: To determine a superior surgical treatment for anal fistula through a
network meta-analysis and to provide the best direction for development in this field.

Methods: We conducted a systematic literature search of the PubMed, Embase
and Cochrane Library databases and extracted data from randomized controlled
trials, which compared healing time, incontinence and recurrence associated with
surgical strategies for anal fistula. A network meta-analysis was conducted using
ADDIS software by evaluating the 3 parameters. Cumulative probability values were
utilized to rank the strategies under examination. Inconsistencies were also tested
using node-splitting models.

Results: Twenty articles with 1663 patients were included. Fistulotomy plus
marsupialisation had the shortest healing time (P = 0.69). Seton placement was
the best procedure to avoid postoperative incontinence (P = 0.66). Fistulectomy
exhibited the lowest recurrence rate (Probability P = 0.40). In general, fistulotomy
plus marsupialisation and surgical ligation plus biomaterial plugging revealed
superior clinical efficacy. Node-splitting model testing revealed that no significant
inconsistency existed in this research.

Conclusions: Fistulotomy plus marsupialisation exhibited preliminary superior
surgical utility for anal fistula. Additionally, combination of surgical treatment with
biomaterials may provide better clinical efficacy. These techniques may warrant
consideration for future development in this field.

INTRODUCTION

Anal fistula is a common disease in colorectal
surgery with an incidence of 0.01% to 0.02% in the
European population [1] and peak occurrence during the
third and fourth decades of life [2]. Anal fistula is described
as an abnormal tract connecting the anorectal mucosa to
the exterior skin, which may present either de novo or after
an acute anorectal abscess [3—4]. Anal fistulas are often
associated with considerable inconvenience and morbidity.
It is commonly believed that surgery is the only method
of clinical cure. Although most cases are easily treated
by various surgical options, the extended postoperative

healing time, fecal incontinence and high recurrence rates
still need to be ameliorated. As is well-known, the risk
of postoperative recurrence ranges from 10% to as high
as 57% [5]. Furthermore, repeated operations may lead to
incontinence. Both repeated operations and incontinence
may result in longer healing times. Thus, management of
anal fistulas remains challenging.

Traditional  surgical  procedures  include
fistulotomy, fistulectomy, advancement flap, seton
placement or fibrin glue fixation. Other treatments, such
as “Biomaterial Plugging [6]” and “Marsupialization
[7]7, were also invented to improve curative effects.
Among these therapeutic approaches, each has its
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advantages. The experience of the surgeon may also
have impact prognosis [8]. For example, biomaterial
plugging may stimulate wound healing, although the
quality of materials and different individual material
requirements remain unpredictable factors. Simple
marsupialisation may also confer potential benefits,
but surgeon experiences and technique may also be the
key to prognosis. Additionally, several new sphincter-
preserving techniques have been developed and proposed
recently, all with the common goal of minimizing anal
sphincter injury and optimizing functional outcomes.
However, the number of different procedures suggested,
the lack of follow-up data and the often variable and
conflicting clinical outcomes have generated confusion
and skepticism, resulting in limited translation of these
procedures into clinical practice [9].

Therefore, objectively speaking, the best surgical
treatment for anal fistulas remains unclear. Given all of the
facts above, based on current clinical therapeutic methods,
it is important to find appropriate surgical treatments to
simultaneously reduce healing time, fecal incontinence
and recurrence rates. Accordingly, in this study, we aimed

to determine the best surgical strategy for treatment of
anal fistulas by conducting a network meta-analysis using
the approaches currently regarded as the best tools for
summarizing the extant scientific evidence.

RESULTS

Study characteristics and quality assessment

After detailed evaluation, 20 articles [10-29]
including 1663 patients satisfied the study recruitment
criteria (Figure 1). We included 20 RCTs which covered
the usual surgical approaches, including Biomaterial
Plugging (BP), Advancement Flap (AF), Seton Placement
(SP), Fibrin Glue (FG), Fistulotomy, Fistulectomy,
Marsupialisation, Surgical Ligation (SL), Fistula Plug
(FP) and several combinations of these techniques. The
characteristics of the included studies are presented in
Table 1. Additionally, we addressed random sequence
generation as reported in all of the included articles; a
summary of the bias risk is shown in Figure 2. The overall
quality of the included studies was good.
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Figure 1: Flow diagram of the study selection process for this meta-analysis.
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Fistulotomy plus marsupialisation exhibit the
shortest healing time

As presented in Table 1, 11 studies reported
healing time data. We conducted a pooled estimation
of all included surgical therapies and established a net
connection (Figure 3A). After statistical comparison,
we found that fistulotomy plus marsupialisation
(Fo+Ms) demonstrated the shortest healing time (highest
probability P = 0.69) compared with the other treatments
(Supplementary Table 1) (Figure 4). Surgical Ligation plus
Biomaterial Plugging (SL+BP) demonstrated the second
highest value (P = 0.29).

Seton placement is the best way to avoid
postoperative fecal incontinence

Fourteen articles provided raw postoperative fecal
incontinence data (Figure 3B). Network meta-analysis
revealed that Seton Placement (SP) was the best technique
to avoid postoperative incontinence, with the highest

probability value of P = 0.66 (Supplementary Table 1)
(Figure 4). Moreover, the Fo+Ms and SL+BP combination
techniques both ranked in second place (probability P =
0.10, both), which meant they were suitable alternatives
to reduce fecal incontinence rates if “Seton Placement”
was not practicable.

Fistulectomy provides the lowest recurrence rate

Interestingly, network comparison (Figure 3C)
of 18 studies showed that “Fistulectomy” could be
the best surgical therapy to reduce recurrence rates
(Supplementary Table 1), (Figure 4) with a probability of
0.40. Furthermore, SL+BP revealed the second-best effect
(P =0.29) and Fo+Ms ranked third (P = 0.10) (Figure 4).

Consistency and convergence analysis

After the overall quality of included studies was
assessed, node-splitting models were conducted to
assess inconsistency by testing for agreement between
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Figure 2: Methodological quality graph and summary of the included studies: (top) Overall and (bottom) study-level risk of bias.
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direct and indirect effects on a specific node (the split
node). After constructing the node-splitting models, we
observed that no significant inconsistencies were evident
in this research (Table 2). The consistency model results
were reliable (all P values were > 0.05). Furthermore, all
parameter Potential Scale Reduction Factor (PSRF) values
were limited to 1, which demonstrated that this research
achieved good convergence efficiency.

DISCUSSION

In this research, we aimed to conduct the first
network meta-analysis to determine the best surgical
treatment for anal fistulas. By comparing data based on 19
RCTs, our results revealed 3 different best treatments for 3
critical parameters with good consistency and convergence
(Figure 4). Although these objective statistical results were
understandable, they were also not final conclusions.

Fo+Ms was the best technique to reduce healing
time. We know that most surgeons believed the classic
fistulotomy technique was the correct therapy and the gold
standard for treatment [30]. However, problems related

A

to fistulotomy are numerous, including postoperative
pain, bleeding and delayed wound healing [31]. The
adverse effects of this technique could be changed if
marsupialisation were performed simultaneously. We
know that marsupialization of the open fistula was
introduced to facilitate adequate lesion drainage, reduce
healing time and improve continence by minimizing
anal deformities [32]. Furthermore, the statistical results
showed that Fo+Ms also ranked well in the other 2
parameters (Figure 4). Therefore, the clinical benefits of
marsupialisation may be greater than previously thought.

Seton placement has been used for many years
for treatment of anal fistulas. It was designed to prevent
postoperative anal incontinence as the sphincter or soft
tissue were slowly opened and both edges (or cross
sections) became adherent due to the chronic shear
stimulation of seton placement [33]. Furthermore, SP
may facilitate drainage but also may impair wound
healing and result in incomplete treatment. Accordingly,
the results showed that while SP was the best way to
avoid incontinence, it was useless for reducing healing
time or recurrence rates (Figure 4).

Sample size

<100
@ =100

Figure 3: Comparison network of the included RCTs. Each line connected 2 hemostatic strategies from the original studies. The
number on the line represents the quality of studies comparing every pair of strategies. Study quality was also represented by the widths of
the lines for included treatments regarding (A) healing time, (B) fecal incontinence and (C) recurrence.
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Fistulectomy is a thorough treatment involving
complete excision of the fistulous tracts, thereby providing
complete tissue for histopathological examination and
eliminating the risk of secondary tract formation [34].
With complete lesion removal, the recurrence rate is
greatly reduced. However, a longer operating time and a
longer healing process are required because the residual
wound is wider than in other procedures and a higher
incontinence rate is possible [35]. For these reasons,
fistulectomy significantly reduced recurrence but did not
affect the other parameters (Figure 4).

These finding have a number of potential
clinical implications. First, SP and fistulectomy were
objectively shown to be the best techniques to avoid fecal
incontinence and reduce recurrence rates, respectively,
although other surgical procedures continue to develop.
The results also indicate that SP may cause the least
damage due to its slow effects and limited localization.
Thus, SP could maximize the retention of continence but
would also delay healing time and increase recurrence
rates. In contrast, fistulectomy is a direct and thorough
procedure. SP completely removes lesions to reduce
recurrence rates, although it is also associated with
injuries to surrounding tissues. Accordingly, SP is unable
to preserve sphincter function effectively. Because of
these characteristics, the advantages of lesion resection
and minimized local treatment seem contradictory.
Is there a compromise or a better alternative? As our
results show, Fo+Ms was most efficacious for reducing
healing time, postoperative incontinence and recurrence
rates. In comparison, fistulotomy performed much
worse (Figure 4). Meanwhile, SL+BP also had good
clinical efficacy compared to SL alone. Accordingly,
we proposed the hypothesis that marsupialisation and
biomaterial plugging had substantial clinical efficacy in
their respective combination procedures. As mentioned
above, a procedure with a limited range (such as SP)
was not appropriate to reduce recurrence rates. However,
extensive wounds may delay healing. Fistulotomy could
expose a lesion and facilitate drainage to achieve complete
treatment and reduce recurrence. Simultaneously,
marsupialisation could result in more rapid healing [36].
Therefore, combined fistulotomy and marsupialisation

Healing time

may be an excellent choice for anal fistula patients. On
the other hand, biomaterial plugging was found to be
useful for its ability to suppress inflammation as well
as potential differentiation [37]. However, biomaterial
plugging alone could not provide significant clinical value
[38]. Currently, biomaterial plugging is often used for
surgical ligation to reduce local tissue damage as much
as possible. Could a biological matrix be used for open
wound surfaces to facilitate rapid recovery in the future?
After comprehensive consideration, we may conclude
that fistulotomy plus marsupialisation may be a superior
surgical procedure for treatment of anal fistulas. On this
basis, use of a biological matrix may provide even better
clinical efficacy.

Notably, we discussed fistulotomy plus
marsupialisation combined with biomaterials and
demonstrated that they or their combination might be
superior for surgical treatment of anal fistulas based on
objective data. Nevertheless, we could not conclude
that these procedures were suitable for every patient.
Moreover, in certain respects, these procedures had
several shortcomings. Our aim in this research was to
provide directions for future surgical developments based
on objective, evidence-based medical data. In summary,
our results proved that extensive wound treatment
procedures could increase incontinence rates and healing
time, while procedures with limited range could increase
recurrence rates. However, the combination of fistulotomy
and marsupialisation could resolve this contradiction.
Furthermore, combination with biomaterials may further
improve the curative effects. Accordingly, we believe
that an improved surgical technique of fistulotomy
plus marsupialisation while exploiting multipurpose
biomaterials may be the best direction for development
in this field. Without a doubt, this conclusion needs to
be verified in the future. Furthermore, we have to admit
that certain significant limitations exist in this study.
For instance, surgical procedures could be subjectively
influenced by different surgeons in different nations.
Patients with different habits and customs were also one of
the confounding factors. Additionally, due to the content
and sample sizes of included studies, subgroup analyses of
different anal fistula classifications were not appropriate.

SL+BP _

Incontinence Fo+tMs  SL+BP
Recurrence | Fe  SL+BP  Fo+Ms FP Fo AF+FG -
Best Worst
Color key

Figure 4: Ranks of different surgical treatments in terms of parameter-based P values.
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Table 1: Characteristics of the included trials

Included Follow-u
Author Country Pub. Year Study Arms Intervention Sample Size X P Parameter Data
Time
(LF)
Recurrence;
A ba-bai [14] China 2010 2 SL+BP vs. AF 90 (0) 5 months Healing time; Faecal
Incontinence
Altomare [15] Italy 2009 2 SP vs. FG 62 (2) 12months  Recurrence; Faccal
Incontinence
Recurrence; Healing
CHALYA [16] Tanzania 2013 2 Fo+Ms vs. Fe 162 (0) 12 weeks time; Faecal
Incontinence
Ellis [17] USA 2006 2 AF vs. AF+FG 58 (0) 36 months Recurrence
Recurrence; Healing
FILINGERI [18] Italy 2004 2 Fo vs. Fe 20 (2) 6 months time; Faecal
Incontinence
Garciaolmo [19] Spain 2009 2 BP+FG vs. FG 49 (1) 12 months Recurrence;
Hammond [20] UK 2009 2 BP+FG vs.BP 28 (1) 18 months Recurrence;
Recurrence; Healing
Han [21] China 2015 2 SL+BP vs. SL 235(2) 6 months time; Faecal
Incontinence
He [22] China 2009 2 SP vs. Fo 127 (4) 3 months Healing time;
Recurrence; Healing
Ho [23] Singapore 1998 2 Fo+Ms vs. Fo 103 (0) 3 months time; Faecal
Incontinence
. Healing time; Faecal
Ho [24] Singapore 2001 2 SP vs. Fo 100 (8) 300 days Incontinence
Recurrence; Healing
Jain [25] India 2012 2 Fo+Ms vs. Fe 40 (0) 12 weeks time; Faecal
Incontinence
Koperen [26] Netherlands 2011 2 AF vs. FP 60 (0) 120 days ~ Recurrence; Faccal
Incontinence
Recurrence; Faecal
Madbouly [27] Egypt 2014 2 SL vs. AF 70 (0) 12 months Incontinence
Recurrence; Healing
Mushaya [28] Australia 2012 2 SL vs. AF 39(2) 36 weeks time; Faecal
Incontinence
Ortiz [29] Spain 2009 2 AF vs. FP 42 (1) 12 months Recurrence
Recurrence; Healing
Perez [30] Spain 2003 2 Fo vs. AF 55 (0) 12 months time; Faecal
Incontinence
Sahakitrungruang Thailand 2016 2 Fo+Ms vs. Fo 50 (0) 12 weeks  Reeurrence; Faccal
[31] Incontinence
Recurrence; Healing
Wang [32] China 2012 2 SP vs. Fo 60 (0) 12 months time; Faecal
Incontinence
Zheng [33] China 2015 2 SL+BPvs. SL 213 (26) 180 days Recurrence;

BP = Biomaterial Plugging; AF = Advancement Flap; SP = Seton Placement; FG = Fibrin Glue; Fo = Fistulotomy; Fe = Fistulectomy; Ms
= Marsupialisation; SL = Surgical Ligation; FP = Fistula Plug; LF = Loss to Follow-up;

Other factors such as operative time and blood loss were
not included because we only included the parametric
data that had the greatest impact on outcomes and we
deemed some factors such as these to be less significant.
Nevertheless, we aim to perform a more comprehensive
literature review in the future.

Despite the existence of several limitations, our
conclusion from this investigation is that fistulotomy plus
marsupialisation demonstrated preliminary superior surgical
utility for anal fistula treatment. Additionally, the combined
use of biomaterials may provide better clinical efficacy. These
options should be considered for future development in this field.
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Table 2: Results of node—splitting models

Odds Ratio (95% Relative Effect (95% Confidence .
Item Name Confidence Interval) Interval) Overall P-Value
AF, SL —6.97 (—24.87,9.82) —9.02 (—34.57, 14.76) -7.52 (-15.29,-0.26)  0.71
AF, SL+BP —17.07 (-34.25, 0.61) —14.95 (-39.71, 10.07) —16.40 (-23.99, -9.11)  0.68
Fe, Fo 15.42 (1.48,31.04) 20.16 (—2.04, 40.20) 17.75 (9.44, 25.61) 0.48
Healing time Fe, Fo+Ms ~7.37 (—20.82, 4.44) —12.11 (-31.46, 5.68) -9.56 (—17.15,-1.05)  0.43
Fo, Fo+Ms —28.03 (—43.76,—12.77) —23.16 (—46.40, —2.25) :?;g?) (734.20, 0.48
SL, SL+BP —8.00 (—24.51, 8.24) —9.83 (—31.89, 13.73) —8.87 (—16.67,-1.58)  0.71
AF, SL —1.09 (-3.60, 0.89) =2.71 (-51.19, 32.35) —1.00 (-3.65, 0.90) 0.95
AF, SL+BP —8.23 (—49.34, 33.77) —1.13 (-5.13, 2.56) —0.94 (-5.13, 2.63) 0.70
Faecal Fe, Fo 5.62(—28.91, 52.64) 22.53 (-25.07, 63.19) 3.80 (—22.76, 34.34) 0.68
Incontinence Fe, Fo+Ms —4.02 (—59.60, 35.32) 9.73 (—29.69, 43.80) 1.34 (-25.36, 32.06) 0.59
Fo, Fo+Ms —2.25(-6.15,0.52) —16.11 (=75.36, 34.59) —2.22(-5.92,0.53) 0.60
SL, SL+BP 0.09 (=3.12, 3.07) —16.96 (—54.49, 14.65) 0.16 (=3.05, 3.20) 0.36
AF, SL —0.06 (—3.64, 3.51) —21.18 (—81.35, 32.73) —0.00 (—3.54, 3.58) 0.49
AF, SL+BP —2.36 (=7.43, 2.45) —34.93 (-109.56, 31.73) —2.40 (=7.15,2.33) 0.39
Fe, Fo 24.73 (—49.00, 111.87) 18.07 (—46.99, 107.94) -3.13 (-61.29,79.50)  0.94
Recurrence
Fe, Fo+Ms —12.62 (-95.16, 65.69) 12.76 (—59.53, 80.71) —2.88 (—61.76,79.27)  0.62
Fo, Fo+Ms —0.12 (-5.11, 5.00) —57.50 (—188.25, 66.19) —0.15 (-5.18, 4.90) 0.33
SL, SL+BP —26.69 (—116.70, 35.60) —2.27 (-8.34,3.71) —2.41 (-8.20, 3.53) 0.52

MATERIALS AND METHODS

Literature search and study selection

For inclusion in this study, research had to
originate from studies that could be observed in
globally recognized databases. The studies were
not limited to certain languages, although full text
had to be available for each study, and the English
abstract had to be addressed. To avoid confounding
factors associated with the development of surgical
techniques, we only included publications from the last
20 years. Full consideration was given to a variety of
conventional therapeutic approaches for anal fistula
treatment from different studies which reached basic
consensus or were demonstrated to be safe. Therefore,
in this research, we only focused on the types of surgical
strategies and objective parameters. Intraoperative
details (intraoperative saline or antibiotic irrigation, for
instance) were not primary considerations for surgical
type classification. Additionally, comparisons based on
improvements in the same surgical technique were not
included in this research.

In accordance with PRISMA guidelines [39],
an electronic search of PubMed, Embase and Cochrane
Library was performed between June 1997 and June
2017. For a more comprehensive and inclusive review,

we conducted an initial literature search of respective
databases using only a few expressions such as “anal
fistula (or archosyrinx)” and “randomized controlled trial”.
Next, we expanded the search terms to include relevant
topics to avoid neglecting eligible studies (an example of
the search strategy in PubMed is listed in Supplementary
Table 2). We included all germane human clinical research
studies and we did not apply any language or publication
status (e.g., online and offprint) restrictions. However,
unpublished data or local databases were not searched.
All retrieved articles with full text (including controversial
papers) were reserved for final discussion concerning
inclusion in this meta-analysis.

Inclusion criteria were as follows: (1) randomized
controlled trials (RCTs); (2) at least one of the parameters
including healing time, fecal incontinence and recurrence
were provided in the studies; (3) raw data for continuous
variables included means (and standard deviations) or
medians (and ranges); and (4) each therapeutic surgical
technique was performed as the only intervention.

Exclusion criteria eliminated studies with the
following characteristics: (1) non-comparative studies; (2)
incomplete raw data; (3) limitation to animals or cells; (4)
data included neither means £ SD nor medians (ranges);
(5) commentaries, review papers and articles with missing
or unavailable data; (6) mixed or unclear treatment
methods; or (7) research on Crohn’s disease, malignant
tumors or intestinal tuberculosis.

www.impactjournals.com/oncotarget

99081

Oncotarget



Data extraction

For the full-text articles that were retrieved, 2
investigators (Qi W and Jun S) independently reviewed
and checked the included studies to assess the available
data and randomization. A predesigned electronic data
abstraction form was used to extract relevant general
information (e.g., authors and year of publication) and
parametric data (e.g., study arms and sample sizes of each
group). Data regarding healing time, fecal incontinence
and recurrence rates were extracted.

Quality assessment

Two reviewers (Qi W and Jun S) independently rated
the study quality. The Cochrane risk of bias assessment
tool [40] was used to assess the methodological quality
of individual studies based on following criteria:
whether the study was conducted with random sequence
generation and allocation concealment (for selection
bias assessment); whether blinding of participants and
personnel occurred (for performance bias assessment);
whether blinding of outcome assessment occurred (for
detection bias assessment); whether incomplete outcome
data were included (for attrition bias assessment); whether
selective reporting was present (for reporting bias
assessment) and whether the study exhibited other biases.
All investigators (Qi W, Jun S and Yukun H) assessed the
quality of the examined studies through discussion until
reaching agreement.

Statistical analyses

In this research, a comprehensive network meta-
analysis based on the Bayesian theorem was necessary
to compare every surgical treatment strategy for anal
fistulas. This analysis method can be considered an
extension of traditional pair-wise meta-analysis as
it incorporates both direct and indirect information
through a common comparator to estimate the relative
interventional effects on the multiple intervention
comparisons [41-42]. The 3 related parameters were
considered to be pooled for comprehensive comparison.
The different included paths had significant heterogeneity
due to the completely different interventions. Accordingly,
an initial random effects model was adopted for this
study [43]. Summary measures were calculated as odds
ratios (ORs) for dichotomous variables together with
95% confidence intervals (Cls), which were pooled for
comprehensive comparison. We evaluated consistency
by combining quantitative estimates from direct and
indirect comparisons according to the experimental design
and statistical data of included studies. If there were no
relevant inconsistencies in the evidence, a consistency
model could be used to reach conclusions about the
effects of the included surgical treatments. A relevant
rank probability plot (P value) could subsequently reveal

the best therapeutic technique. A node-splitting analysis
was also performed to demonstrate that no statistical
inconsistencies existed when P > 0.05. Convergence
was assessed to calculate the PSRF, in which values
were limited to 1. In several included articles, data
were presented in terms of medians and ranges. In these
cases, the Hozo formula was used for data estimation
and conversion [44]. Aggregate Data Drug Information
System (ADDIS) automated software was used for
network pooled estimation of all data analyses.
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