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Abstract Anal fissures are a common problem and have a
cumulative lifetime incidence of 11%. Previous reviews on
anal fissures show inconsistent results regarding post-interventional healing and incontinence rates. In this review
our aim was to compare the treatments for chronic anal
fissures by incorporating indirect comparisons using network meta-analysis. The PubMed database was searched
for randomized controlled trials (RCTs) published between
1975 and 2015. The primary outcome measures were
healing and incontinence rates after lateral internal
sphincterotomy (LIS), anal dilatation (DILA), anoplasty
and/or fissurectomy (FIAP), botulinum toxin (BT) and
noninvasive treatment (NIT). Random effects network
meta-analyses were complemented by fixed effects and
Bayesian models. The present analysis included 44 RCTs
and 3268 patients. After a median follow-up of 2 months,
the healing rates for LIS, DILA, FIAP, BT and NIT were
93.1, 84.4, 79.8, 62.6, and 58.6% and the incontinence rates
The paper is not based on a previous communication to a society or
meeting.

Electronic supplementary material The online version of this
article (doi:10.1007/s00535-017-1335-0) contains supplementary
material, which is available to authorized users.
& Lukas Marti
lukas.marti@kssg.ch
1

Department of Surgery, Cantonal Hospital of St. Gallen,
9007 St. Gallen, Switzerland

2

Department of Surgery, Spital STS AG, 3600 Thun,
Switzerland

3

Institute of Medical Biometry and Informatics, University of
Heidelberg, 69120 Heidelberg, Germany

4

Department of Surgery, Medical Faculty Mannheim,
University of Heidelberg, 68167 Mannheim, Germany

were 9.4, 18.2, 4.9, 4.1, and 3.0%, respectively. Compared
with NIT, the odds ratio (OR) [95% confidence interval
(CI)] for healing after LIS, DILA, FIAP and BT was 9.9
(5.4-18.1), 8.6 (3.1-24.0), 3.5 (1.0-12.7) and 1.9
(1.1-3.5), respectively, on network meta-analysis. The OR
(95% CI) for incontinence after LIS, DILA, FIAP and BT
was 6.8 (3.1-15.1), 16.9 (6.0-47.8), 3.9 (1.0-15.1) and
1.6 (0.7-3.7), respectively. Ranking of treatments, fixed
effects and Bayesian models confirmed these findings. In
conclusion, based on our meta-analysis LIS is the most
efficacious treatment but is compromised by a high rate of
postoperative incontinence. Given the trade-offs between
the risks and benefits, FIAP and BT might be good alternatives for the treatment of chronic anal fissures.
Keywords Network meta-analysis  Chronic anal fissures 
Noninvasive treatment  Lateral internal sphincterotomy 
Botulinum toxin

Introduction
Anal fissures are longitudinal tears in the squamous
epithelium of the anal canal distal to the dentate line, and in
up to 90% of cases they are located on the posterior midline
[1]. Fissures are classified into an acute and a chronic form
and into primary and secondary fissures based on their
pathogenesis. Chronic fissures are defined by both or either
chronology and morphology. The criteria are duration of
symptoms for longer than 8 weeks, the presence of a sentinel pile, a skin tag or an ulcer with exposed internal
sphincter fibers [2]. The exact pathogenesis of primary
fissures remains uncertain, but a core point is hypertonicity
of the internal anal sphincter [3], which leads to local
ischemia [4]. Furthermore, inflammation and pain induce
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ongoing hypertonicity, giving rise to a vicious circle [2].
Therefore, the aim of treatment strategies is to reduce the
sphincter tone with either medical agents, such as glyceryl
trinitrate (GTN), calcium channel blockers (CCB) and
botulinum toxin, or surgical interventions, such as lateral
internal sphincterotomy (LIS).
With a lifetime risk of 11%, anal fissures are a common
problem in routine medical care [5]. Patients’ quality of life
can be significantly reduced due to massive discomfort or
severe pain [6, 7]. Complications from a lack or inadequacy of treatment include abscess, fistula and incontinence. Thus, it is important to have therapeutic options that
are efficient and safe.
LIS is often claimed to be the gold standard therapy for
chronic anal fissures. The latest American guidelines are
supported by level 1a evidence for LIS due to its high
efficiency compared with other therapies, particularly
medical treatment [8]. However, the debate on postoperative fecal incontinence remains. A recent meta-analysis
of 22 randomized controlled trials (RCTs) analysed longterm disturbances in continence after LIS and found an
overall incontinence rate as high as 14% [9]. Earlier, in
2011 and 2012, Nelson et al. performed two separate
meta-analyses in which they assessed medical treatment
in one [10] and considered the operative treatment of
chronic anal fissures in the other [11]. Surgical treatment
was demonstrated to be far more effective than medical
treatment, with a pooled healing rate of 89%. These
authors reported that medical therapy had a chance of cure
that was ‘‘only marginally but significantly better’’ than
placebo; however, there was a risk of recurrence in the
range of 50%. LIS was the most efficient therapy, and it
was less likely to result in treatment failure than was
fissurectomy. With respect to continence disturbance,
there was no significant difference between the
procedures.
In summary, the outcomes and side effects of the
treatments for chronic anal fissures reported in the literature are inconsistent. Previous meta-analyses were performed using standard pairwise methods and were thus
limited to direct comparisons. The recently developed
network meta-analyses can perform indirect comparisons
of interventions that have not been studied head-to-head
and enable investigators to statistically estimate the relative
efficacy between every intervention included in the network [12, 13].
The aim of the study reported here was to analyse the
established invasive and noninvasive treatments for primary chronic anal fissures in adults with respect to healing,
incontinence, and long-term treatment failure rates,
including the latest RCTs and incorporating indirect comparisons by using network meta-analysis.
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Methods
The present network meta-analysis was conducted
according to the guidelines and checklist of the PRISMA
(Preferred Reporting Items for Systematic Reviews and
Meta-Analyses) Extension Statement for Reporting of
Systematic Reviews: Incorporating Network Meta-analyses
of Health Care Interventions [14]. Each process step in the
literature search, study selection, data extraction and
quality assessment was performed independently and
crosschecked by two reviewers (S.E. and L.M). Discrepancies were resolved by consensus in the presence of a
third investigator (R.W.).
Eligibility criteria
Randomized controlled trials published between January
1975 and 7 October 2015 were considered. Language was
not a reason for exclusion. RCTs studying the treatment of
primary chronic anal fissures in adults were selected if they
had at least two interventional arms receiving one of the
following treatments: open, closed or unspecified LIS
(LIS), fissurectomy and/or anoplasty (FIAP), anal dilatation (DILA), botulinum toxin injections (BT) or noninvasive treatment (NIT). NIT included the following
treatments: oral or local application of isosorbide mononitrate, isosorbide dinitrate and GTN, CCB and conservative
treatment (local anesthesia, local hydrocortisone or
ointment).
The rationale for the clustering of treatments was the
small difference in fissure persistence and postoperative
risk of incontinence between open and closed LIS reported
in previous research [11]. Fissurectomy and anoplasty both
remove bradytrophic scar tissue and secondary morphologic transformations of the fissure and were therefore
clustered under FIAP. Patients who received conservative
treatment were summarized under NIT in accordance with
previous reviews, which found that medical therapy is
marginally better than placebo [10].
RCTs were included only if they provided information
on at least one of the outcome measures defined below.
Data items and extraction of outcomes data
Healing rates and post-interventional incontinence rates
were defined as the main outcome measures. To assess the
long-term treatment failure rates, a no-success rate (defined
as fissures that did not heal ? recurrent fissures ? fissures
treated by further interventions to achieve healing) was
computed as a secondary outcome measure. Healing was
defined by either or both clinical and morphological criteria
(painlessness and complete epithelization of the fissure,

Author's personal copy
J Gastroenterol

respectively). Incontinence was defined as post-interventional newly emerged fecal soiling and/or incontinence to
flatus or liquid or solid stool.

endpoint. In frequentist and Bayesian network meta-analysis rankings of the treatments were estimated.
Assessment of inconsistency

Information sources and search
The literature search was completed on 7 October 2015.
The Medline (PubMed) database was searched using the
following search terms: ‘‘fissure in ano’’ [MeSH terms] OR
(‘‘fissure’’ [All Fields] AND ‘‘ano’’ [All Fields]) OR ‘‘fissure in ano’’ [All Fields] OR (‘‘anal’’ [All Fields] AND
‘‘fissure’’ [All Fields]) OR ‘‘anal fissure’’ [All Fields]. The
‘‘related article’’ function was applied to broaden the
search volume. The articles referenced in the retrieved
publications were then reviewed to identify further relevant
studies for potential inclusion. All abstracts that were
identified by the above-mentioned search string were
screened for eligibility. For all abstracts that were eligible,
a full-text review was performed to determine whether the
obtained information matched the inclusion criteria defined
in the eligibility criteria. Exclusion criteria for full-text
reviews were defined as follows: (1) conditions different
from chronic anal fissure, (2) double publications, (3) nonrandomized clinical trials, (4) fewer than two interventional arms receiving one of the above-mentioned treatments, (5) no data for the defined endpoints and (6) special
patient characteristics (e.g. research on children, secondary
anal fissures).
Geometry of the network
Network graphs were used to display the evidence base for
the meta-analysis for each outcome. The network was laid
out in the plane such that the nodes in the graph corresponded to the treatments and the edges displayed the
observed treatment comparisons. In short, thicker lines
represented more profound evidence [15].
Risk of bias within individual studies
The quality of the studies was assessed by one validated
score, the Jadad score [16, 17].
Randomization, description/quality of randomization,
blinding, description/quality of blinding and description/
number of withdrawal and dropouts were assessed. The
score was not used to determine whether the trials would be
included in the analysis.
Summary measures
The main outcome measures were the healing and incontinence rates. The no-success rate was a secondary

Details on the assessment of inconsistency are provided in
Electronic Supplementary Material (ESM) Text S1.
Statistical analysis
Details on the statistical analysis are provided in ESM Text
S2.

Results
Study selection and data extraction
Figure 1 describes the process of data inclusion. Initially,
2304 citations were identified, 1724 of which were published in the previously determined time period between
January 1975 and October 2015. After screening the titles
and abstracts, 188 studies proved to be RCTs comparing
treatments of chronic anal fissures, and a full text review of
those studies was performed. We then excluded 144 studies
according to the above-mentioned exclusion criteria; the
outcomes data of the 44 studies which remained were then
extracted. These 44 studies, which involved a total of 3268
patients, were included in the meta-analysis reported here
(Table 1).
Study characteristics and study quality
Table 1 summarizes the characteristics and Jadad scores
[16] of all the studies included in the meta-analysis. In
summary, the quality of the studies and implementation of
the respective treatments and definitions of endpoints varied over all studies.
The time-point for assessment of healing ranged from
0.5 to 17.4 (median 2) months, and the duration of the
follow-up ranged from 3 to 60 (median 12) months. The
process of randomization was not always described properly. Some studies had high dropout and lost-to-follow-up
rates. Blinding was often not described properly or not
performed at all (especially if surgical procedures were
involved), resulting in an overall median Jadad score of 3.
The definition of ‘‘chronic anal fissure’’ was predominantly described as the existence of both morphologic
changes and the duration of clinical symptoms for more
than 6–8 weeks. However, some studies only referred to
either one of the criteria, whereas others [18] only included
patients after failed conservative treatment.
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Fig. 1 PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses) flow chart for data inclusion

The definition of ‘‘healing’’ differed throughout the
studies; however, the majority of studies defined it as
‘‘painlessness’’ together with evidence of epithelialization
of the fissure on rectoscopy. As a further expression of
potential clinical heterogeneity, the definition of incontinence varied, as did its grading and the timing of
evaluation.
In terms of treatments, procedures were standardized
within each study but they differed among studies, especially after treatment group clustering.
Risk of bias and results of individual studies
The results for the endpoints of the individual RCTs are
listed in Table 1.
Healing rate
Regarding the primary endpoint healing rate, in 31 studies
there was one therapy arm with patients undergoing LIS, in
24 studies patients received conservative treatment and/or
placebo, in 16 studies patients received BT injections, in
eight studies patients underwent anal dilatation and in five
studies patients underwent anoplasty and/or fissurectomy.
The healing rate after LIS varied from 37.8 [19] to 100%
[20–29]. Healing in all patients was reported in ten of the
31 studies with LIS as the therapy arm. The study by
Marby et al. [19] demonstrated a comparatively low
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healing rate after LIS, which might be explained by several
potential sources of bias in the study: first, the dropout rate
was as high at 24%; second, sphincterotomy, in contrast to
dilatation, was performed under local anesthesia; third, 22
of the 78 patients who underwent LIS did not have pain as
a presenting symptom before the operation, thus making
the definition of ‘‘chronic anal fissure’’ somewhat doubtful.
For ‘‘conservative treatment and/or placebo’’, the healing rate ranged from 13.3 [30] to 88.9% [20]. In one study
with a high healing rate (85%), the definition of ‘‘chronic’’
was not given [31], so it is possible that some patients with
acute fissures were included in the patient population. In
another trial with similarly good results, more than 90% of
the patients were female. This gender disproportion may
have induced some bias toward a better outcome [20].
For BT, the healing rates ranged from 25 [32] to 96%
[33]. Brisinda et al. [33] demonstrated the highest rate in
1999. These authors used a total of 20 U of BT, half of which
was injected into the internal anal sphincter on each side of
the anterior midline. Festen et al. [32] had the lowest healing
rate but reported using the exact same approach. The latter
study was terminated prematurely due to stagnant recruitment and showed a high dropout-rate; both of these factors
could have increased the risk of bias. In contrast to the
former study, the latter was double blinded.
In the FIAP group the healing rates ranged from 68 [34]
to 100% [21]. Magdy et al. 2012 [34] applied a V–Y
anocutaneous skin flap and achieved the lowest healing rate
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Table 1 Study characteristics and quality assessment
First author of
reference

Year

Fischer [35]

1978

Sample
size (n)

66

Follow-up (months)
Healing
6

Longtime
follow-upà
27

Jadad score
[16] (0–5)

Treatment
arm

Outcome

2

LIS

31/32, 97%

0/32, 0%

DILA

30/33, 91%

6/31, 19%

Healing rate

No-success
rate

Incontinence
rate

Marby [19]

1979

156

4

12

2

LIS
DILA

17/45, 38%
25/41, 61%

Jensen [23]

1984

58

2

18

2

LIS

30/30, 100%

1/30, 3%

1/30, 3%

9/28, 32%

11/28, 39%

Hiltunen [24]

1986

41

2

Olsen [49]

1987

20

12

DILA

27/28, 96%

2

LIS

14/14, 100%

DILA

15/19, 79%

2

LIS

2/10, 20%

DILA

2/10, 20%

Weaver [38]

1987

111

17.4

17.4

3

LIS
DILA

43/59, 73%

3/59, 5%

Saad [42]

1992

57

3

3

2

LIS

19/20, 95%

1/20, 5%

DILA

35/37, 95%

9/37, 24%

Leong [22]

1995

40

3

FIAP

18/20, 90%

0/20, 0%

LIS

20/20, 100%

0/20, 0%

3

LIS

12/12, 100%

0/12, 0%

0/12, 0%

10/12, 83%
11/15, 73%

2/12, 17%
4/15, 27%

0/12, 0%

13/15, 87%

Oettle [25]

1997

24

0.5

3
22

29/39, 74%

2/39, 5%

Maria [30]

1998

30

2

16

5

NIT
BT
NIT

2/15, 13%

Brisinda [33]

1999

50

2

15

4

BT

24/25, 96%

NIT

15/25, 60%

Richard [50]

2000

82

1.5

6

3

LIS

34/38, 89%

3/38, 8%

NIT

13/42, 31%

32/42, 76%

Evans [51]

2001

65

2

5

3

LIS

26/27, 96%

2/27, 7%

NIT

20/33, 61%

0/33, 0%

3

BT

24/34, 71%

NIT

6/28, 21%

3

LIS

35/35, 100%

1/35, 3%

NIT

19/35, 54%

19/35, 54%

FIAP

22/30, 73%

3/27, 11%

LIS

24/30, 80%

6/30, 20%

4

LIS

49/50, 98%

3/50, 6%

8/50, 16%

53/61, 87%
7/20, 35%

15/61, 25%

0/61, 0%

5

BT
BT

12/27, 44%

Colak [52]

2002

62

2

Libertiny [26]

2002

70

2

Hancke [43]
Mentes [53]

2003
2003

60
111

24

3
6

Siproudhis [54]

2003

45

2

Boschetto [41]

2004

36

1

Parellada [20]

2004

63

2.5

3
12
3

3

0/25, 0%
0/25, 0%

1/35, 3%
0/35, 0%

NIT

7/20, 35%

2

DILA

17/18, 94%

NIT

7/18, 39%

3

LIS

27/27, 100%

0/27, 0%

NIT

24/27, 89%

6/27, 22%

37/40, 92%

2/40, 5%
0/40, 0%

0/27, 0%

Arroyo [55]

2005

80

12

12

3

LIS
BT

18/40, 45%

Ho [56]

2005

136

4

4

3

LIS

88/91, 97%

NIT

7/41, 17%

Iswariah [18]

2005

38

LIS

19/21, 90%

0/21, 0%

BT

7/17, 41%

0/17, 0%

6.5

3
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Table 1 continued
First author of
reference

Year

Mishra [57]

2005

Wang [36]

2005

Sample
size (n)

40
100

Follow-up (months)
Healing

1.5
1

De Nardi [58]

2006

30

3

Fruehauf [59]

2006

50

0.5

Katsinelos [27]
Brisinda [60]
Ram [39]

2006
2007
2007

64
100

Longtime
follow-upà

2
2

108

36

Jadad score
[16] (0–5)

Treatment
arm

Outcome

4

LIS

17/20, 85%

NIT

18/20, 90%

2

FIAP

41/50, 82%

9/50, 18%

0/50, 0%

2

LIS
BT

49/50, 98%
8/15, 53%

1/50, 2%
10/15, 67%

0/50, 0%
0/15, 0%

NIT

10/15, 67%

9/15, 60%

0/15, 0%

BT

6/24, 25%

0/23, 0%

NIT

13/24, 54%

0/23, 0%

LIS

32/32, 100%

0/32, 0%

4/32, 12%

NIT

30/31, 97%

3/31, 10%

0/30, 0%

2
20
21
11.2

3
5
2

Healing rate

No-success
rate

3/20, 15%
0/20, 0%

BT

46/50, 92%

4/50, 8%

NIT

35/50, 70%

27/50, 54%

LIS

2/53, 4%

DILA
Renzi [40]

2008

53

1.5

Siddique [28]

2008

70

2.5

2

Suknaic [61]

2008

60

3

1
3

Abd Elhady [31]

2009

160

2

24

60

4

8/55, 15%

LIS

23/25, 92%

3/25, 12%

DILA

20/24, 83%

4/24, 17%

LIS

33/33, 100%

2/33, 6%

NIT

21/31, 68%

0/31, 0%

LIS

21/28, 75%

5/28, 18%

BT
LIS

19/27, 70%
38/40, 95%

3/27, 11%
2/40, 5%

68/80, 85%

0/80, 0%

BT
NIT
Festen [32]

2009

73

4

6.7

4

Incontinence
rate

4/25, 16%
3/24, 12%

0/40, 0%

BT

7/28, 25%

1/21, 5%

NIT

16/31, 52%

0/27, 0%

30/30, 100%

Mousavi [21]

2009

62

2

22

3

FIAP
LIS

32/32, 100%

0/32, 0%

0/32, 0%

Nasr [62]

2010

80

6

6

3

LIS

36/40, 90%

8/40, 20%

6/40, 15%

BT

25/40, 62%

31/40, 78%

0/40, 0%

Magdy [34]

2012

100

3

12

3

FIAP

34/50, 68%

26/50, 52%

0/50, 0%

LIS

43/50, 86%

8/50, 16%

7/50, 14%

BT

26/52, 50%

33/52, 63%

0/52, 0%

NIT

32/67, 48%

48/67, 72%

0/67, 0%

Samim [63]

2012

134

3

39

5

1/30, 3%

2/30, 7%

Valizadeh [64]

2012

50

3

12

3

LIS

23/25, 92%

2/25, 8%

4/25, 16%

Arslan [65]

2013

247

2

12

4

BT
LIS

20/25, 80%
98/102, 96%

13/25, 52%
4/102, 4%

0/25, 0%
6/102, 6%

NIT

81/105, 77%

29/105, 28%

0/105, 0%

Aslam [66]
Berkel [37]
Giridhar [29]

2014
2014
2014

60
66
60

1.5
2.25
1

2
12
4.5

3
2

LIS

28/30, 93%

2/30, 7%

NIT

15/30, 50%

0/30, 0%

BT

18/27, 67%

5/27, 19%

NIT

11/33, 33%

4/33, 12%

LIS

27/27, 100%

0/27, 0%

NIT

23/26, 88%

0/26, 0%

FIAP Fissurectomy and/or anoplasty, LIS lateral internal sphincterotomy, BT botulinum toxin injection, DILA anal dilatation, NIT noninvasive
treatment
à

Longest follow up documented in the manuscript, normally time when no-success was documented
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reported by the studies included in the meta-analysis.
Interestingly, they excluded patients with a normal or low
resting pressure before the operation. This approach was in
contrast to that of Leoung et al. [22], who performed a
rhomboid skin flap and achieved a much higher healing
rate.
Incontinence rate
The rate of incontinence after LIS varied from 0
[18, 21, 22, 25, 29, 33, 35, 36] to 44.4% [20]. Parellada
et al. [20] found the highest rate of minor incontinence,
although the rate did decline to 15% after 24 months.
Iswariah et al. [18] observed no newly emerged cases of
incontinence at all based on calculations of a modified
Wexner continence score before and after the operation.
Of the 17 studies with conservative treatment and/or
placebo, 16 had an incontinence rate of 0%; the remaining
one study [37] reported a rate of 12.1%, although the
reported incontinence in patients using isosorbide dinitrate
lasted only 1 week.
The incontinence rate after DILA ranged from 5.1 [38]
to 39.3% [23]. In these studies, the lowest incontinence rate
of 5.1% was reported after anal dilation with 4 fingers for
4 min [38], whereas another group applying this technique
reported an incontinence rate of 14.5% [39]. More recently,
there have been attempts to perform anal dilatation in a
more controlled manner using pneumatic balloon dilatation
(4 cm) [40, 41]. However, the incontinence rates in these
studies using this modification still ranged up to 12.5%
[40]. Doing a DILA to a much wider distance (7–8 cm) led
to an even higher incontinence rate of 24.3% [42].
Incontinence after FIAP was examined in five studies.
Three studies reported no incontinence at all. Moussavi
et al. [21] reported a rate of 6.7%, and Hancke et al. reported
a rate of 11.1% [43]. The latter used an anal retractor for
fissurectomy, functionally performing a type of ‘‘dilatation,’’ which might explain the higher rate of incontinence.
However, this dilatation was only to a diameter of
2.4 9 1.3 cm, which can also be interpreted as the normal
range of opening a retractor to perform any type of operation in the anal canal and not a dilatation per se [43].
Meta-analysis of healing rate
Network description
The evidence for this network is based on 2883 patients in
42 trials with 2190 events of healing. In the network for
this analysis, LIS is associated with all other treatment
modalities (Fig. 2). Therefore, for LIS, direct comparisons
against all other treatments were available. For FIAP,
direct comparisons were only conducted against LIS.

Hence, the comparisons of FIAP against BT, DILA, and
NIT are based on indirect comparisons only.
Meta-analysis of single event rates
A fixed effect and random effects meta-analysis for the
healing rate for each intervention group revealed relevant
heterogeneity in the visual examination of the forest plots.
The test values for LIS (I2 = 75.6%, Q = 123.1,
p \ 0.001), DILA (I2 = 68.0%, Q = 21.9, p = 0.003) and
BT (I2 = 81.6%, Q = 81.5, p \ 0.001) represent substantial heterogeneity, while moderate heterogeneity was
observed for FIAP (I2 = 55.9%, Q = 9.1, p = 0.060). The
random effects model showed a significantly higher healing rate for anal fissures after LIS than for all other analysed treatment groups [93.1%, 95% confidence interval
(CI) 88.9–95.7%]. DILA ranked second (84.4%, 95% CI
73.5–91.3%), followed by FIAP (79.8%, 95% CI
67.4–88.4%) and BT (62.6%, 95% CI: 50.6–73.2%). The
healing rate for NIT reached 58.6% (95% CI 48.4–68.1%)
(Fig. 3). These findings were confirmed by the fixed effect
models.
Fixed and random effects network meta-analysis
For the network meta-analysis of the healing rate, significant heterogeneity and inconsistency were observed
(I2 = 59.6%, Q = 94.1, p \ 0.001). In the fixed effect heat
plot substantial inconsistencies (i.e. differences between
direct and indirect comparisons) for NIT and DILA and for
LIS and DILA were detected. In contrast, in the random
effects heat plot only moderate inconsistencies were
observed. In the random effects network meta-analysis
(main analysis), LIS had the highest OR of 9.93 (95% CI:
5.45–18.09), followed by DILA with an OR of 8.56 (95%
CI: 3.05–24.02), FIAP with an OR of 3.51 (95% CI:
0.97–12.74) and BT with an OR of 1.95 (95% CI:
1.09–3.51). Fixed effect network meta-analysis yielded
similar results for LIS (OR 9.30, 95% CI 6.37–13.57),
DILA (OR 10.66, 95% CI: 5.76–19.75), FIAP (OR 3.59,
95% CI 1.67–7.71), and BT (OR 1.74, 95% CI: 1.26–2.41).
Additionally, ranking the treatments equally substantiated
these findings. LIS had the highest p score (with a p score
of 0 meaning worst treatment and 1 meaning best treatment) with 0.898, followed by DILA (0.814), FIAP
(0.483), BT (0.296) and NIT (0.010).
Bayesian random effects network meta-analysis
To complete the statistical analysis in adherence to the
actual PRISMA guidelines, a random effects Bayesian
network meta-analysis was fitted (Fig. 3). This model
confirmed significantly higher healing rates for LIS
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Fig. 2 Network graphs for healing rate, incontinence rate, no-success rate. Thickness of the lines corresponds to the amount of evidence in a
single comparison. In the network for incontinence, the plane in the trigon represents the analysis in which LIS, NIT and BT are compared

compared with the other treatment groups (91.2, 95% CI
85.8-94.5%). DILA ranked second (85.0, 95% CI
73.9-92.0%), followed by FIAP with 80.6% (95% CI
62.6–91.4%) and BT (62.8, 95% CI 50.2-73.6%). The
healing rate for NIT was 56.5% (95% CI 46.7-65.8%).
Compared with NIT, LIS again had the highest OR of 7.92
(95% CI 4.31–14.27), followed by DILA with an OR of
4.39 (95% CI 1.98-9.65), FIAP with an OR of 3.20 (95%
CI 1.21-8.73) and BT with an OR of 1.31 (95% CI
0.69-2.33) (Fig. 3). Ranking in the Bayesian analysis
showed that LIS ranked first in 90.1% of models; DILA
ranked second and third in 64.8 and 28.4% of the models,
respectively, FIAP ranked second and third in 25.8 and
66.5% of the models, respectively, whereas BT ranked
fourth in 76.3% of the models and NIT ranked last in
79.8% of the models.
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Meta-analysis of post-interventional incontinence
rate
Network description
The evidence for this network is based on 2393 patients in
35 trials with 144 events of incontinence. For FIAP and
DILA, direct comparisons were only conducted with LIS.
LIS is represented with comparisons to all other treatment
groups (Fig. 2).
Meta-analysis of single event rates
A fixed effect and random effects meta-analysis for the
post-interventional incontinence rate for each intervention
group revealed heterogeneity in the visual examination of
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Fig. 3 Healing rate in random effects and Bayesian network meta-analysis. OR Odds ratio, CI confidence interval

the forest plots. The test of heterogeneity for LIS
(I2 = 52.1%,
Q = 60.6,
p = 0.001)
and
DILA
(I2 = 60.1%, Q = 15.1, p = 0.020) identified a moderate
heterogeneity; however, only a low degree of heterogeneity
was observed for NIT (I2 = 0%, Q = 14.9, p = 0.600),
BT (I2 = 33.3%, Q = 19.5, p = 0.108) and FIAP
(I2 = 21.6%, Q = 5.1, p = 0.277).
The random effects model revealed a significantly
higher incontinence rate after DILA than after any other
analysed treatment group (18.2%, 95% CI 11.2–28.2%).
LIS ranked second (9.2%, 95% CI 6.7–12.7%), followed by
FIAP (4.9%, 95% CI 1.9–12.0%), BT (4.1%, 95% CI
1.9–8.5%) and NIT (3.0%, 95% CI: 1.7–5.2%) (Fig. 4).
These findings were confirmed by fixed effect models.
Fixed and random effects network meta-analysis
No significant heterogeneity or inconsistency was observed
for the network meta-analysis of the incontinence rate
(I2 = 0%, Q = 24.1, p = 0.842). No substantial inconsistencies were detected in either the fixed effect heat plot or
the random effects heat plot.
In the random effects network meta-analysis, DILA
yielded the highest risk for incontinence with an OR of
16.92 (95% CI 5.99–47.78), LIS ranked second with an OR
of 6.81 (95% CI 3.08–15.06), followed by FIAP with an

OR of 3.94 (95% CI 1.03–15.08) and BT with an OR of
1.63 (95% CI 0.71–3.74). NIT was the reference with an
OR of 1.
The fixed effect network meta-analysis yielded similar
results. Ranking of treatments in frequentist analysis further supported these results: NIT had the highest P score at
0.963, followed by BT (0.717), FIAP (0.487), LIS (0.289)
and DILA (0.004).
Bayesian random effects network meta-analysis
This model confirmed significantly higher incontinence
rates for DILA compared with the other treatment groups
(20.4%, 95% CI 11.0-35.8%). LIS ranked second (9.5%,
95% CI: 6.4–14.2%), followed by FIAP (4.6%, 95% CI
0.8–22.4%) and BT (2.0%, 95% CI 0.4–7.4%). NIT
reached 0.5% (95% CI 0–3.8%). Compared with NIT,
DILA again had the highest OR of 50.96 (95% CI
5.70–880.95), followed by LIS with an OR of 20.72 (95%
CI 2.53–334.96), FIAP with an OR of 9.70 (95% CI
0.64–228.15) and BT with an OR of 3.82 (95% CI
0.55–55.92) (Fig. 4). Ranking in Bayesian analysis showed
that NIT ranked first in 87.4% of the models with the
lowest risk for incontinence, BT ranked second in 70.7%
and third in 20.0% of the models, FIAP ranked second in
18.1% and third in 58.3% of the models, LIS ranked fourth
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Fig. 4 Incontinence rate in random effects and Bayesian network meta-analysis

in 78.1% of the models and DILA ranked last in 93.8% of
the models, indicating the highest risk for post-interventional incontinence.
Meta-analysis of no-success rate
The random effects model of the no-success rate supported
the findings of the meta-analysis for the healing rate in an
inversely arranged ranking. Details on this analysis data are
provided in ESM Text S3 and Fig. 5.

Discussion
This study is the first network meta-analysis of RCTs
concerning both invasive and non-invasive treatments of
chronic anal fissures.
In all of the effects models investigated, LIS was persistently the most efficacious treatment option, with a
healing rate of 93.1%. However, 9.4% of the patients
suffered from postoperative incontinence. Anal dilatation
yielded the highest risk for postoperative incontinence
(exceeding 18%) and should therefore be abandoned in
clinical practice in accordance with actual guidelines [8].
Other treatment options were less efficacious but were
more safe: FIAP had a healing rate of almost 80% with a
risk for postoperative incontinence of 4.9%, BT had a
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healing rate of 62.6% with a risk for post-interventional
incontinence of 4.1% and NIT achieved a healing rate of
58.6%.
In agreement with our findings, Nelson et al. also
reported that LIS yielded the highest healing rate in their
two separate pair-wise meta-analyses [10, 11]. The main
differences between the our network meta-analysis and
those of Nelson et al. [10, 11] are a significantly higher
healing rate for BT in our analysis compared with conservative treatment and a significantly lower incontinence
rate after both FIAP and BT compared with LIS. One
reason for this inconsistency may be that there was only
one study comparing fissurectomy and LIS head-to-head
with respect to incontinence in the meta-analysis by Nelson
et al. Another explanation might be the variety and
heterogeneity of the studies and that in contrast to pairwise
meta-analyses, network meta-analysis enables the measurement of relative efficacy between every intervention.
The high incontinence rate after LIS may even increase
over the long term. A recent conventional meta-analysis [9]
confirmed a high rate of incontinence after LIS. That
review of 22 RCTs, which analysed long-term disturbance
in continence after LIS (24–124 months), found an overall
incontinence rate as high as 14%. Hasse et al. [44]
demonstrated that the incontinence rate increases rather
than decreases with time after LIS. In the cohort study of
these authors 14.8% of the patients had continence
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Fig. 5 No-success rate in random effects and Bayesian network meta-analysis

disturbance after 12 weeks, with an increase to 21% after a
median follow-up of 124 months.
Although it was not possible to evaluate the proportion
of transient and persistent incontinence rates after the
respective procedures in this meta-analysis, it is barely
conceivable that NIT as well as BT injection could, due to
their mechanisms of action, cause persistent incontinence.
This assumption is also supported by evidence from a
prospective trial [45].
According to our results, FIAP might be both an efficient and safe treatment alternative to LIS on the one hand
and to conservative treatment on the other. BT did indeed
yield a significant, but only marginally, higher healing rate
than conservative treatment, so its use as a first-line treatment might be questionable. Combined with fissurectomy
however, BT injection could have an additional benefit in
targeting both pathogenic factors of chronic anal fissures,
i.e. sphincter hypertonicity and fibrotic ulceration. However, to date, no RCTs have examined this combination
treatment. Lindsey et al. demonstrated in their prospective
trial that 93% of the fissures were healed at a median of
approximately 4 months and that 7% of the patients
experienced transitory flatus incontinence [46].
It has to be mentioned that BT is, in most countries, not
officially approved for the indication of anal fissures and is
thus used ‘‘off-label.’’

The limitations of this investigation need to be
acknowledged.
First, there was undoubtedly heterogeneity between and
within the included studies. Clinical heterogeneity derived
from diverging definitions of inclusion criteria, treatment
and outcome parameters, lengths of follow-up and patient
collectives. Methodological diversity comprised the variability in study design and risk of bias, such as from
blinding or allocation concealment. Statistical heterogeneity is a consequence of the latter two factors and manifests
itself in the observed treatment effects. Test values in the
present network meta-analysis, e.g., I2, showed that there
may be moderate to substantial heterogeneity, which may
reduce the degree of confidence in the treatment proposals.
However, the fixed effects and Bayesian effects models
showed virtually the same results as the random effects
model and thus support the statistical significance of these
models. Further, a certain heterogeneity in pooled reviews
is inevitable and should not lead to the exclusion of studies
according to the current recommendations of the Cochrane
Collaboration [47, 48].
Second, the present meta-analysis did concentrate on the
two outcome parameters ‘‘healing rate’’ and ‘‘incontinence.’’ Because the data to calculate the ‘‘no-success rate’’
were missing in many trials, it could only be a secondary
endpoint. The meta-analysis did not examine complications
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other than incontinence. In the literature, there are other
reported complications, such as postoperative wound pain
or bleeding/hematoma, after both LIS and fissurectomy to
different degrees. Another factor is that quality of life was
not assessed. It is unknown to what extent minor incontinence affected the patients and to what degree they were
still satisfied with their respective operative treatments.
We conclude that treatment of chronic anal fissures
should account for the trade-offs between risks and benefits. In our network meta-analysis, LIS was clearly the most
efficacious treatment option. It had the highest healing rate
and the lowest no-success rate. However, patients had to
face a comparatively high risk of postoperative incontinence that was over 9%. In clinical practice, we therefore
recommend a gradual approach and a treatment algorithm.
As a first step, medical treatment is safe with few side
effects. In persistent fissures, fissurectomy and/or BT
injection may be performed to approach both fissure scarring and sphincter hypertonicity. In patients with treatment
failure, LIS can be discussed. However, patients should be
carefully selected, especially with respect to preoperative
sphincter dysfunction and risk factors for postoperative
incontinence [9].
Additional RCTs are needed, especially concerning the
long-term incontinence rates after fissurectomy and/or BT
and the combined effect of these two treatments.
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