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Abstract
Chronic anal fissure (CAF) is a painful tear or crack which 
occurs in the anoderm. The optimal algorithm of thera-
py for CAF is still debated. Lateral internal sphincteroto-
my (LIS) is a surgical treatment, considered as the ‘gold 
standard’ therapy for CAF. It relieves CAF symptoms 
with a high rate of healing. Chemical sphincterotomy 
(CS) with nitrates, calcium blockers or botulinum toxin 
(BTX) is safe, with the rapid relief of pain, mild side-
effects and no risk of surgery or anesthesia, but is a 
statistically less effective therapy for CAF than LIS. This 
article considers if aggressive treatment should only be 
offered to patients who fail pharmacological sphincter-
otomy. Aspects of anal fissure etiology, epidemiology 
and pathophysiology are considered with their meaning 
for further management of CAF. A molecular model of 
chemical interdependence significant for the chemistry 
of CAF healing is examined. Its application may influ-
ence the development of optimal therapy for CAF. BTX is 
currently considered the most effective type of CS and 
discussion in this article scrutinizes this method specifi-
cally. Although the effectiveness of BTX vs  LIS has been 
discussed, the essential focus of the article concerns 
identifying the best therapy application for anal fissure. 
Elements are presented which may help us to predict 
CAF healing. They provide rationale for the expansion of 
the CAF therapy algorithm. Ethical and economic factors 
are also considered in brief. As long as the patient is 
willing to accept the potential risk of fecal incontinence, 

we have grounds for the ‘gold standard’ (LIS) as the 
first-line treatment for CAF. The author concludes that, 
when the diagnosis of the anal fissure is established, 
CS should be considered for both ethical and economic 
reasons. He is convinced that a greater understanding 
and recognition of benign anal disorders by the GP and 
a proactive involvement at the point of initial diagnosis 
would facilitate the consideration of CS at an earlier, 
more practical stage with improved outcomes for the 
patient.
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INTRODUCTION
Anal fissure (AF) is a common disorder which affects 
all age groups with an equal incidence in both sexes[1]. 
Lateral internal sphincterotomy (LIS) is considered the 
‘gold standard’ therapy for chronic anal fissure (CAF) and 
relieves symptoms with a high rate of  healing and less 
than 10% long term recurrence[2]. This optimal therapy 
has, however, been associated with the development of  
a period of  transient postoperative impairment of  anal 
continence in 30% (or even more) patients which can 
become permanent[3-8].

These post surgical complications, along with the risk 
of  anesthesia, have led to a search for alternative treatment 
methods for anal fissure. Chemical or pharmacological 
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sphincterotomy (CS) has been recognized by many doctors 
as the first line of  treatment for chronic anal fissure[9,10]. 
It also has the potential to reduce the cost of  therapy for 
CAF[11-12].

This article will examine the methods of  CAF therapy, 
anal fissure (AF) pathogenesis and consider the decision 
making process and the appropriate application of  therapy.

ANAL FISSURE
Definition 
An AF is a longitudinal tear or crack in the skin of  the 
anal canal. Superficial fissures look much like a paper cut 
and they usually self-heal within a few weeks but some 
anal fissures become deep and do not heal. If  an AF 
does not heal in at least six weeks, it may be recognized 
as CAF but the chronological definition of  AF is rather 
loose[1,10,13]. 

A morphological description offers a more precise 
definition. The CAF presents thickened edges with usually 
visible, internal anal sphincter fibers at the fissure base. It 
may also be associated with an external skin tag (the sen-
tinel pile) at the lower end of  the fissure and/or a present 
papilla at the upper end of  a fissure (hypertrophied anal 
papilla). These features of  fissure chronicity are attributed to 
chronic infection and are caused by development of  fibrotic 
connective tissue[1,10,13].

Etiology and epidemiology
There is a deficit in epidemiological studies examining 
this often encountered disease. 235 000 new cases of  
anal fissure are reported every year in the US and about 
40% of  them persist for months and even years [14]. The 
exact etiology of  AF is unknown but trauma caused by 
(especially hard) faecal mass and hypertonicity of  the 
internal sphincter are thought to be the initiating factors.  
Despite these findings, only 25% patients with CAF have 
constipation[15]. Furthermore, diarrhea is a predisposing 
factor in about 6% patients[13,15]. For this reason, AF 
may be a consequence of  bariatric procedure in obese 
people[16]. 

Microtrauma of  the anus by constant saddle vibration 
in professional mountain bikers can lead to chronic in-
flammation and a resultant AF[17]. There is also a suspicion 
that the water stream from bidet-toilets may be a cause 
of  anterior fissure-in-ano[18]. 3%-11% of  anal fissures are 
associated with childbirth and typically this type of  etiol-
ogy predisposes to fissure localization in the anterior anal 
commissure[19]. Links between sexual abuse and AF have 
been considered[20]. 

It’s possible that Nicorandil may increase a risk of  anal 
fissure. Painful ulceration(s) in the anus and mouth have 
been observed after therapy with this potassium-channel 
activator. The size of  Nicorandil anal ulcers varies and 
their edges are undermined as with CAF. This medication 
may also cause other cutaneous ulcerations outwith the 
anus[21,22].

Diet is not without significance. Consumption of  
spicy food like hot chili peppers aggravates symptoms 
in patients with an acute AF[23]. The literature identifies 

that lifestyle-related factors such as diet, bowel habit and 
employment play an important role in the etiology of  
anal fissure. The literature only touches on the interrela-
tionship between these factors, however, with no strong, 
evidence-based research to provide constructive lifestyle 
recommendations.

Location of primary and secondary fissure 
The most common location for primary AF (where 
there is no obvious trigger) is the posterior anal midline. 
Only 10% of  females and 1% of  males have a fissure 
located in the anterior midline[13,15,24]. Secondary fis-
sures as a result of  inflammatory bowel disease, previ-
ous anal surgery and venereal, dermatological, infectious 
or neoplastic disease also occur in the lateral position of 
the anus. These causes should be considered when the 
localization of  AF is atypical, especially Crohn’s disease 
and infectious agents including tuberculosis, herpes or 
cytomegalovirus, Chlamydia, Haemophilus ducreyi and 
human immunodeficiency virus. Despite this, secondary 
AF can demonstrate the typical localization of  primary 
fissures[1,13,15]. 

Pathophysiology
Anal fissure has been associated with increased anal tone 
for many years. This has been substantiated by a highly 
successful surgical treatment for anal fissure - internal 
sphincterotomy which reduces resting anal pressure[25]. 
In 1994, this opinion was further reinforced by Shouten 
et al[26,27] who identified a relationship between anal 
pressure and anodermal blood flow, revealing that the 
internal anal sphincter (IAS) resting pressure was inversely 
related to the blood flow at the posterior midline. They 
also confirmed, using laser Doppler flowmetry, earlier 
findings from Klosterhalfen et al[28] that blood supply was 
significantly lower at the posterior midline than anywhere 
else in the anal canal in healthy individuals.  Klosterhalfen 
et al[28] discovered a scarcity of  small arteriolar collaterals 
between the end branches of  the left and right inferior 
rectal artery dorsally during post-mortem angiographic 
studies. The work of  Shouten et al[27] also revealed that 
there is a significantly lower anodermal blood flow at the 
fissure site than at the posterior anal midline of  control 
groups.

These facts constitute the logical basis for the explana-
tion that microtrauma of  the anoderm and AF cause anal 
pain which provokes a spasm of  the IAS and a high anal 
pressure. This, in turn, leads to a reduction in anodermal 
perfusion. Ischemia in the fissure region ensues (Figure 
1)[29]. A study by Farrouk et al[30] supported this belief, re-
porting a reduction in the normal spontaneous cyclic anal 
sphincter relaxation in patients with AF[30].  

It is widely accepted that the reduction of  anal pres-
sure by LIS is associated with an improvement in ano-
dermal perfusion; therefore, we concluded that so this 
surgical procedure promotes anal fissure healing. This 
conception has been unshakable despite the fact that 
other surgical procedures such as anal advancement flap 
or tailored anal sphicterectomy can heal anal fissures 
without reducing maximum anal resting pressure (MARP). 
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Moreover, they also have very high healing rate[31,32].
Despite this fact, there was common anticipation that 

oral or topical CS for therapy of  AF would mimic surgical 
sphincterotomy, again by reducing anal resting pressure 
and causing its healing.  CS performed with botulinum 
toxin (BTX) injections or the topical application of  oint-
ments such as calcium blockers, nitric oxide donors, a 
potassium channel agonist (minoxidil), inhibitors of  
angiotensin-converting enzyme, phosphodiesterase inhibi-
tors, cholinomimetic (bethanechol) and an alfa-adrenore-
ceptor antagonist (indoramin) usually reduce anal resting 
pressures but with a diminished healing rate compared 
to LIS[33]. Indoramine, for example, had no satisfactory 
effect on fissure healing in double-blind randomized trials 
despite significant reductions in anal resting pressure. It 
was found to reduce anal resting pressure in patients with 
AF by an average of  35.8%[34]. 

Moreover, Ho et al[35] studies showed that LIS was 
associated with significantly improved fissure healing rates 
than CS with oral nifedipine, revealing simultaneously a 
similar or even lower value of  mean resting anal pressure 
and maximum squeeze pressure in patients treated with 
this calcium blocker. Also Thornton et al[36] discovered 
that anal fissure healing is not related to anal pressures 
following CS but dependent upon the pre-treatment anal 
resting pressure and fissure grade. Furthermore, Pascual 
et al[37] confirmed no statistically significant differences 
between healing and not healing CAF when manometric 
and endosonographic findings were compared.

Before these studies cast some doubt upon the com-
monly accepted anal fissure pathophysiology, the first 
alternative hypothesis was suggested[38]. According this 
theory, a reduction of  anal pressure is a consequence of  
pharmacological or surgical therapy for AF and is not a 
prerequisite for AF healing. It was theorised that a good 
response to surgical or pharmacological sphincterotomy is 
related to the presence of  conserved vascular endothelium 
which conditions the ‘stretchability’ of  the anal sphincters 
by the increased preservation of  muscular blood flow. LIS 
reduces a risk of  eruption of  tissue in the fissure region 
during defecation and causes AF healing. This is thought 
to be attributed to the fact that when the anal sphincters 
stretchability is insufficient, erupted tissues release con-

traction vessel mediators which have a tendency to arrest 
fissure healing[33,38]. This perspective offers a simple expla-
nation for differences between surgical and pharmacologi-
cal sphincterotomy outcomes in that the various methods 
applied allow anal sphincter distention which will prevent 
tissue eruption in varying degrees. 

THERAPEUTIC ASPECTS
Effectiveness of therapies for anal fissure
BTX was applied therapeutically for CAF for the first 
time in 1993[39,40]. Around this period, nitric oxide donors 
were also being considered as a remedy for CAF. Since 
this introduction of  CS, many studies have supported its 
application and consider it a promising therapeutic ap-
proach for CAF. Some research has provided evidence to 
the contrary[41]. Siproudhis et al[42] in a multi-center, place-
bo-controlled, randomized, double-blind study showed 
no significant difference between BTX and placebo. Also, 
a meta-analysis by Nelson[41] revealed that CS for CAF 
in adults may be applied with a chance of  cure that is 
marginally better than placebo and far less effective than 
surgery. Therefore, exclusively, prospective randomized 
controlled trials on the effectiveness of  LIS vs BTX have 
been taken into consideration in this article. 

In PubMed and Embase (January 1993 - January 
2011), only 7 studies (encompassing 539 patients) were 
identified which compare the application BTX vs LIS (set-
ting aside repetitive reports)[43-49]. All studies demonstrated 
that, although LIS associates with a high rate of  minor 
anal incontinence (incontinence to flatus) as compared 
to BTX, it is statistically more effective as a therapy for 
CAF than BTX. The rate of  CAF recurrence was also 
significantly less in group of  patients treated with LIS[43-49]. 

In 2006, Nelson’s meta-analysis[41] (where crude cri-
teria were applied) revealed that GTN, BTX and surgery 
had overall response rates of  about 55%, 65% and 85% 
respectively. The third revision of  the American Society 
of  Colon and Rectal Surgeons’ (ASCRS) guidelines (pub-
lished in 2010) offers that BTX injection allows healing in 
60%-80% of  fissures and higher rates than placebo with 
recurrence in up to 42% of  cases[24]. According to ASCRS, 
topical nitrates are marginally superior to placebo with 
regards to healing. Topical calcium channel blockers have 
a lower incidence of  adverse effects than topical nitrates 
but insufficient data exists to conclude whether they are 
superior to placebo in CAF healing[24]. 

ASCRS provide a strong recommendation for LIS 
as the therapy of  choice (based on high-quality grade 1a 
evidence). However, ASCRS maintains that non-operative 
treatment continues to be safe, has few side effects and 
should usually be considered as a first step in CAF therapy 
(based on moderate-quality evidence grade 1b recommen-
dation)[24].

Adverse effects of therapies for anal fissure
The identified complications following BTX are relatively 
benign. They may be sub-divided into obligatory and 
facultative side effects[50]. The first type of  complication 
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relates to excessive weakness of  anal sphincters and/or 
injury of  anal wall tissues. In this category, transitory 
incontinence for flatus (18%) or faeces (5%) and perianal 
thrombosis or hematoma belong[24]. Jost et al[51] reported 
a high rate of  thrombosis (19.2%) but others observed a 
much lower frequency (only 1.1% in one study)[52]. It was 
not found to be related to the number of  injection sites 
nor to the size of  the needles (25 and 27 gauge)[50,52].

Facultative side effects are related to BTX spreading 
from the target tissue to distant muscles by hematogenic 
diffusion. One study found flu-like syndrome as a rare 
consequence of  the therapy (3%). Epididymitis was only 
incidental[50,52]. 

Safety of  BTX injection was also reinforced by auto-
nomic system examination (using Ewing’s protocol) whilst 
using the English BTX preparation (Dysport) which is 
thought to have a greater tendency to leave the site of  in-
jection and enter systemic circulation[50,53]. All the identified 
side effects are transient and completely reversible[50,52]. 

Chemical sphincterectomy with nitrates may generate 
headaches in 20%-30%[24] of  cases or even a higher rate[54]. 
The same symptom was identified in 27% of  individuals 
within the placebo group[54]. The dose of  GTN (0.2% 
or 0.4%) was not found to influence the efficacy but did 
increase the incidence of  side effects, particularly headache, 
which occurred in about a quarter of  patients[24,41]. Perianal 
itch was observed less frequently, in 10% cases, and allergic 
dermatitis is only accidental[41].

Calcium blockers treat AF with the benefit of  a lower 
incidence of  side effects than topical nitrates (topical 
therapy with diltiazem is rarely associated with headache 
and only incidentally perianal itch was observed)[24]. Ni-
trate-induced hypotension has not been well established 
and applying this to topical vasodilatators for AF is ques-
tionable.

Alongside the associated risks of  anesthesia, LIS also 
carries a risk of  perianal infection, hemorrhage, fecal 
incontinence, urinary retention and keyhole defects[5,41,55,56]. 
It should be emphasized that these complications are 
rare, however, gas and fecal incontinence are a significant 
concern which has been observed in as many as 36% of  
cases[41].

A novel combination of known therapies
Perhaps as a consequence of  the previously established 
risks following LIS surgery, surgeons continue to search 
for alternative solutions in CAF therapy. In 2004, Lind-
sey et al[57] published a prospective pilot study of  CAF 
patients in whom medical therapy was failing. They 
reported a CAF healing rate of  93% after fissurectomy 
combined with injection of  BTX (25 UI of  Botox). The 
further study showed that BTX injection into the IAS 
combined with fissurectomy was only slightly less suc-
cessful (83.3%) than LIS (98.7%)[58].

Why may BTX be less successful than surgical 
sphincterectomy?
We know that smaller doses of  BTX may be less success-
ful than a higher dose[59,60] but the optimal dose of  BTX 

has not been established[61-63]. We cannot ascertain all of  
the factors significant to formulating the most effective 
dose of  BTX. This may explain some of  the divergence 
amongst the study results for CS.  The dose may be relat-
ed to anal sphincter mass and also activity of  surrounding 
inflammation. BTX also improves wound healing outside 
the anus where blood supply is not limited by sphinc-
ters[64,65]. This implies that distance from the anal fissure 
and the optimal angle of  the needle during injection may 
cause variance in the injection method and, consequently, 
the effectiveness of  the therapy[66].

Interestingly, even small doses of  BTX when com-
bined with fissurectomy have a high rate of  CAF heal-
ing[57,58]. This begs the question, is the removal of  fibrotic 
tissue during fissurectomy essential to the biochemistry 
of  the anal fissure area? This question is particularly valid 
because there is a commonly accepted assumption that 
fibrosis in the internal anal sphincter, a consequence of  
chronic ischemia, could lie at the roots of  CAF healing 
difficulties[29]. However, LIS performed even without fis-
surectomy brings a high rate of  AF healing and, more-
over, fibrous tissue inevitably develops following LIS at 
the site of  muscle incision.

Yuksel et al[56] studied keyhole deformities follow-
ing CAF therapy and concluded that nonhealing fissure 
and keyhole deformity are two ends of  a spectrum of  
the same pathophysiological process. In an attempt at 
explanation, they referred to a new theory of  AF heal-
ing[38,67]. They concur with the author that, if  anal pres-
sure drops and CAF is not healed, we should seek an 
explanation in certain vascular relaxing factors (adenosine 
diphosphate (ADP), adenosine triphosphate (ATP), 
5-hydroxytryptamine (5-HT), platelet activation factor, 
as well as thrombin and substance P) as being respon-
sible for it[38,56,67]. There is evidence that if  endothelium is 
traumatized, platelet products contract smooth muscles 
(Figure 2)[68]. The same products relax the muscular coat-
ing of  the arterioles when endothelium is intact. However, 
a trauma discontinues the feedback and platelet aggrega-
tion controlled by NO and prostacyclin. The area of  AF 
is a place where the releasing of  NO by regenerating cells 
is diminished[33,38]. A small GTPase encoded by the gene 
RhoA plays a key role in maintenance of  the basal tone 
of  the IAS[69]. It is also probably relevant to CAF healing. 
There is additional evidence that bacterial toxins are able 
to induce contraction of  endothelial cells via the Rho/
Rhokinase pathway[70]. These chemical mechanisms play a 
key role in altered and prolonged wound healing[36,56,71] as 
well as in CAF healing.

In the past, the dorsal location of  AF and elliptical 
arrangement of  the IAS fibers was attributed to a lack of  
supportive tissue and fissures were considered to originate 
from phlebitis or cryptitis[29]. Today it should instead be 
accepted that CAF healing is resultant of  several chemi-
cal processes. A tissue eruption during insufficient relax-
ation of  the anal wall is one of  the most relevant factors 
contributing to unfavorable CAF healing (Figure 2)[33,38]. 
Based on these arguments, we can conclude that the aim 
of  any surgical technique for CAF should be the im-
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provement of  the anal sphincters ‘stretchability’ and the 
diminishment of  chemical contractors of  the arterioles. 
Alternately, infection can also generate problems with fis-
sure healing[56,72,73].

Is it possible to predict anal fissure healing before we 
start therapy?
Thornton et al[36] applied a scoring system of  IAS exposure 
(0 = healed; 1 = fissure with IAS muscle exposed; 2 
= deeper fissure with IAS deeply exposed; 3 = deep 
undermined fissure; 4 = deep undermined fissure plus 
abscess or fistula) and observed that clinical healing of  
CAF positively correlated with a lower fissure score, a 
higher pre-treatment MARP in the mid anal canal and 
a greater percentage reduction of  the MARP following 
topical application of  Glyceryl Trinitrate (GTN).  

Recently, Gil et al[74] evaluated ratio resting/voluntary 
contraction pressure. The study showed that the 
probability of  CAF healing associates with an increase 
in the percentage change between resting and squeeze 
pressure (PI index). The patients with a PI of  less than 
150 have a low chance of  successful CS and should be 
considered directly for LIS[74]. 

Ethical issues and algorithm treatment
As long as the patient is willing to accept the risk of  fecal 
incontinence, we can justify the gold standard therapy (LIS) 
as the first-line treatment for CAF. It is prudent and in the 
patient’s interests, however, to consider the alternative CS 
when the initial diagnosis of  AF is made. This may even 
be discussed prior to surgical referral with the general 
practitioner. It has been identified after all that diagnostic 
performance pertaining to benign anal diseases in the 
primary care setting may be insufficient[75]. It is reassuring 
that prospective studies emanating from the division of  
Colorectal Surgery in New York (US) revealed that there 
was no correlation between years of  doctors’ experience 
and diagnostic accuracy of  the benign disease[76]. Unfor-
tunately, even there, the diagnostic accuracy for common 

benign anal pathologic conditions was suboptimal across 
all clinical specialties. Therefore, not only a good physical 
examination but also an improved training in the benign 
disease may improve the quality of  patients' care.

At the point when the diagnosis of  the AF is es-
tablished, CS should be discussed.  It may potentially 
improve comfort for several days before the patient is 
followed up by the proctologist. Although the diagnosis 
would be made in the proctology clinic, the surgery is not 
generally performed on the same day of  the initial visit to 
the clinic. Therefore, CS can be justified as a straightfor-
ward, low risk therapy on the basis of  patient comfort as 
an intermediate measure whilst awaiting surgical follow up 
or surgery.

GTN, BTX injection and surgery have overall re-
sponse rates of  about 55%, 65% and 85% respectively[41]. 
Therefore it should be recognised that surgery in the form 
of  sphincterotomy is markedly superior. From an ethical 
perspective, however, we should at the very least, consider 
CS. The justification for this would be that we cannot pre-
dict the patient who receives a therapeutic benefit from 
the low risk process of  CS would not have developed a 
severe complication following LIS. Moreover, the chance 
of  successful CS is not low. The choice has to lie with the 
patient but the doctor`s responsibility is to inform him 
about the benefits and side effects of  the available thera-
pies for CAF. It may even be argued that a doctor should 
suggest CS if  the patient meets the criteria described by 
Thornton et al[36] or Gil et al[74].

When the patient does not respond to nitrates (or 
calcium blockers), then BTX as a second line or both 
methods should be used. This algorithm of  treatment 
for CAF was presented for the first time at the seventh 
United European Gastroenterology Week in 1999[72] and 
afterwards published in 2001[59] and 2002[52]. Many authors 
have followed this algorithm. A few days following its 
first publication (November 1999), this algorithm was 
also described in the New England Medical Journal where not 
only the possible increase of  CS efficacy but also some 
economic aspects of  this algorithm were suggested[77,78]. 
The cost of  this algorithm (with stepwise escalation from 
topical nitroglycerin to BTX and LIS) was analyzed in 
2005 by Essani et al[11] who considered it using a realistic 
economic model of  the US healthcare system. This study 
demonstrated that 88% of  patients could avoid surgery 
and assessed the algorithm as highly cost-efficient.

Due to a dispute in the literature regarding if  BTX 
should be the first or second line treatment, in 2005, Ma-
dalinski[12] established how therapy with GTN (according 
the same algorithm) may diminish the cost of  therapy with 
BTX.

In 2001, for the first time in the literature it was re-
ported that administration of  higher doses of  botulinum 
toxin (50 or 100 units of  Botox) could improve the results 
of  CAF therapy with GTN[1,59]. BTX injection for a failure 
of  CS with GTN was further supported by Lindsey et 
al[9] in prospective trials. Taking into account cost of  anal 
fissure therapy, a method of  BTX dispensing should be 
considered in which one vial should be effectively used 
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for the maximum number of  patients (depending on dose 
calculation)[79].

Since 1999, the author has expressed several times that 
a high dose of  BTX should always be taken into account 
before surgery as the last line of  CS[59,62,63,80]. An injection 
of  higher doses of  BTX may be a logical solution which 
outweighs doubts regarding the optimal dose for an in-
dividual. It may precede a potential fissurectomy. Taking 
into account the pharmacodynamics of  BTX, fissurec-
tomy could be performed in about 2-3 wk after applying 
a high dose of  BTX if  no symptomatic improvement fol-
lows an initial BTX injection. This combined approach (of  
fissurectomy with BTX) may be divided into two steps 
when applicable and could provide an additional rung of  
the therapeutic ladder worth consideration before LIS.

CONCLUSION
In the quest for optimal therapy for CAF, we should first 
fully understand the real physiological benefit provided by 
sphincterotomy (whether chemical or surgical). Although 
the enthusiasm for CS diminished several years ago, recent 
studies have revealed how we may recognize types of  CAF 
presentation which are more suitable for CS therapy. It is 
recognised that LIS is a superior approach but not without 
hazard and the search for other, low risk therapeutic 
options continues. The author is convinced that a greater 
understanding and recognition of  benign anal disorders 
by the GP and a proactive involvement at the point of  
initial diagnosis would facilitate the consideration of  CS at 
an early stage, with improved outcomes for the patient. 

REFERENCES
1 Dykes SL, Madoff RD. Benign Anorectal: Anal Fissure. In: 

Wolff BG, Fleshman JW, Beck DE, Pemberton JH, Wexner 
SD, eds. The ASCRS textbook of colon and rectal surgery. 
New York: Springer Science and Business Media LLC, 2007: 
178-191

2 Aivaz O, Rayhanabad J, Nguyen V, Haigh PI, Abbas M. 
Botulinum toxin A with fissurectomy is a viable alternative 
to lateral internal sphincterotomy for chronic anal fissure. Am 
Surg 2009; 75: 925-928

3 Garcia-Aguilar J, Belmonte C, Wong WD, Lowry AC, Madoff 
RD. Open vs. closed sphincterotomy for chronic anal fissure: 
long-term results. Dis Colon Rectum 1996; 39: 440-443

4 Nyam DC, Pemberton JH. Long-term results of lateral inter-
nal sphincterotomy for chronic anal fissure with particular 
reference to incidence of fecal incontinence. Dis Colon Rectum 
1999; 42: 1306-1310

5 Hyman N. Incontinence after lateral internal sphincterotomy: 
a prospective study and quality of life assessment. Dis Colon 
Rectum 2004; 47: 35-38

6 Nelson RL. Epidemiology of fecal incontinence. Gastroenterol-
ogy 2004; 126: S3-S7

7 Brown CJ, Dubreuil D, Santoro L, Liu M, O’Connor BI, 
McLeod RS. Lateral internal sphincterotomy is superior to 
topical nitroglycerin for healing chronic anal fissure and does 
not compromise long-term fecal continence: six-year follow-
up of a multicenter, randomized, controlled trial. Dis Colon 
Rectum 2007; 50: 442-448

8 Arroyo A, Pérez F, Serrano P, Candela F, Calpena R. Open 
versus closed lateral sphincterotomy performed as an out-
patient procedure under local anesthesia for chronic anal 

fissure: prospective randomized study of clinical and mano-
metric longterm results. J Am Coll Surg 2004; 199: 361-367

9 Lindsey I, Jones OM, Cunningham C, George BD, Mortensen 
NJ. Botulinum toxin as second-line therapy for chronic anal 
fissure failing 0.2 percent glyceryl trinitrate. Dis Colon Rectum 
2003; 46: 361-366

10 Wollina U. Pharmacological sphincterotomy for chronic anal 
fissures by botulinum toxin a. J Cutan Aesthet Surg 2008; 1: 
58-63

11 Essani R, Sarkisyan G, Beart RW, Ault G, Vukasin P, Kaiser 
AM. Cost-saving effect of treatment algorithm for chronic 
anal fissure: a prospective analysis. J Gastrointest Surg 2005; 9: 
1237-1243; discussion 1243-1244

12 Madalinski M. Short- and long-term (48 months) follow-up 
of pharmacological sphincterotomy for chronic anal fissure. 
Gut 2005; 54: A88 (abstract MON-G-19)

13 Brisinda G, Cadeddu F, Brandara F, Brisinda D, Maria G. 
Treating chronic anal fissure with botulinum neurotoxin. Nat 
Clin Pract Gastroenterol Hepatol 2004; 1: 82-89

14 Barton J. Nitroglycerin and Lidocaine topical treatment for 
anal fissure. RxTriad 2002, April.

15 Lund JN, Scholefield JH. Aetiology and treatment of anal fis-
sure. Br J Surg 1996; 83: 1335-1344

16 Elía Guedea M, Gracia Solanas JA, Royo Dachary P, Ramírez 
Rodríguez JM, Aguilella Diago V, Martínez Díez M. Preva-
lence of anal diseases after Scopinaro’s biliopancreatic bypass 
for super-obese patients. Cir Esp 2008; 84: 132-137

17 Sauper T, Lanthaler M, Biebl M, Weiss H, Nehoda H. Im-
paired anal sphincter function in professional cyclists. Wien 
Klin Wochenschr 2007; 119: 170-173

18 Garg P. Water stream in a bidet-toilet as a cause of anterior 
fissure-in-ano: a preliminary report. Colorectal Dis 2010; 12: 
601-602

19 Jenkins JT, Urie A, Molloy RG. Anterior anal fissures are as-
sociated with occult sphincter injury and abnormal sphincter 
function. Colorectal Dis 2008; 10: 280-285

20 Nzimbala MJ, Bruyninx L. Chronic anal fissure from suspect-
ed adult sexual abuse in a traumatic anal sex practice patient. 
Acta Chir Belg 2007; 107: 566-569

21 Watson A, Al-Ozairi O, Fraser A, Loudon M, O’Kelly T. 
Nicorandil associated anal ulceration. Lancet 2002; 360: 
546-547

22 Baker RP, Al-Kubati W, Atuf M, Phillips RK. Nicorandil-
induced severe perianal ulceration. Tech Coloproctol 2007; 11: 
343-345

23 Gupta PJ. Consumption of red-hot chili pepper increases 
symptoms in patients with acute anal fissures. A prospective, 
randomized, placebo-controlled, double blind, crossover trial. 
Arq Gastroenterol 2008; 45: 124-127

24 Perry WB, Dykes SL, Buie WD, Rafferty JF. Practice param-
eters for the management of anal fissures (3rd revision). Dis 
Colon Rectum 2010; 53: 1110-1115

25 Soybel DI. What causes anal fissure? Gastroenterology 1996; 
111: 1154-1155

26 Schouten WR, Briel JW, Auwerda JJ. Relationship between 
anal pressure and anodermal blood flow. The vascular patho-
genesis of anal fissures. Dis Colon Rectum 1994; 37: 664-669

27 Schouten WR, Briel JW, Auwerda JJ, De Graaf EJ. Ischaemic 
nature of anal fissure. Br J Surg 1996; 83: 63-65

28 Klosterhalfen B, Vogel P, Rixen H, Mittermayer C. Topogra-
phy of the inferior rectal artery: a possible cause of chronic, 
primary anal fissure. Dis Colon Rectum 1989; 32: 43-52

29 Van Outryve M. Physiopathology of the anal fissure. Acta 
Chir Belg 2006; 106: 517-518

30 Farouk R, Duthie GS, MacGregor AB, Bartolo DC. Sustained 
internal sphincter hypertonia in patients with chronic anal 
fissure. Dis Colon Rectum 1994; 37: 424-429

31 Littlejohn DR, Newstead GL. Tailored lateral sphincteroto-
my for anal fissure. Dis Colon Rectum 1997; 40: 1439-1442

32 Nyam DC, Wilson RG, Stewart KJ, Farouk R, Bartolo DC. 
Island advancement flaps in the management of anal fissures. 

Madalinski MH. Identifying the best therapy for anal fissure.



15 April 6, 2011|Volume 2|Issue 2|WJGPT|www.wjgnet.com

Br J Surg 1995; 82: 326-328
33 Madalinski M, Kalinowski L. Novel options for the phar-

macological treatment of chronic anal fissure--role of botulin 
toxin. Curr Clin Pharmacol 2009; 4: 47-52

34 Pitt J, Dawson PM, Hallan RI, Boulos PB. A double-blind ran-
domized placebo-controlled trial of oral indoramin to treat 
chronic anal fissure. Colorectal Dis 2001; 3: 165-168

35 Ho KS, Ho YH. Randomized clinical trial comparing oral 
nifedipine with lateral anal sphincterotomy and tailored 
sphincterotomy in the treatment of chronic anal fissure. Br J 
Surg 2005; 92: 403-408

36 Thornton MJ, Kennedy ML, King DW. Prospective mano-
metric assessment of botulinum toxin and its correlation with 
healing of chronic anal fissure. Dis Colon Rectum 2005; 48: 
1424-1431

37 Pascual M, Pera M, Courtier R, Gil MJ, Parés D, Puig S, An-
dreu M, Grande L. Endosonographic and manometric evalu-
ation of internal anal sphincter in patients with chronic anal 
fissure and its correlation with clinical outcome after topical 
glyceryl trinitrate therapy. Int J Colorectal Dis 2007; 22: 963-967

38 Madalinski M, Chodorowski Z. Relation between botulinum 
toxin and nitric oxide donors in the treatment of chronic anal 
fissure. Med Sci Monit 2005; 11: HY1-HY5

39 Jost WH, Schimrigk K. Use of botulinum toxin in anal fissure. 
Dis Colon Rectum 1993; 36: 974

40 Madalinski MH. Nonsurgical treatment modalities for 
chronic anal fissure using botulinum toxin. Gastroenterology 
1999; 117: 516-517

41 Nelson R. Non surgical therapy for anal fissure. Cochrane Da-
tabase Syst Rev 2006; 18: CD003431

42 Siproudhis L, Sebille V, Pigot F, Hémery P, Juguet F, Bellis-
sant E. Lack of efficacy of botulinum toxin in chronic anal fis-
sure. Aliment Pharmacol Ther 2003; 18: 515-524

43 Mentes BB, Irkorucu O, Akin M Leventoğlu S, Tatlicioğlu E. 
Comparison of botulinum toxin injection and lateral internal 
sphincterotomy for the treatment of chronic anal fissure. Dis 
Colon Rectum 2003; 46: 232-237

44 Arroyo A, Perez F, Serrano P, Candela F, Lacueva J, Calpena 
R. Surgical versus chemical (botulinum toxin) sphincteroto-
my for chronic anal fissure: long-term results of a prospective 
randomized clinical and manometric study. Am J Surg 2005; 
189: 429-434

45 Iswariah H, Stephens J, Rieger N, Rodda D, Hewett P. Rando- 
mized prospective controlled trial of lateral internal sphinc-
terotomy versus injection of botulinum toxin for the treat-
ment of idiopathic fissure in ano. ANZ J Surg 2005; 75: 553-555

46 Massoud BW, Mehrdad V, Baharak T, Alireza Z. Botulinum 
toxin injection versus internal anal sphincterotomy for the 
treatment of chronic anal fissure. Ann Saudi Med 2005; 25: 
140-142

47 Algaithy ZK. Botulinum toxin versus surgical sphincteroto-
my in females with chronic anal fissure. Saudi Med J 2008; 29: 
1260-1263

48 Abd Elhady HM, Othman IH, Hablus MA, Ismail TA, Abo-
ryia MH, Selim MF. Long-term prospective randomised clini-
cal and manometric comparison between surgical and chemi-
cal sphincterotomy for treatment of chronic anal fissure. S Afr 
J Surg 2009; 47: 112-114

49 Nasr M, Ezzat H, Elsebae M. Botulinum toxin injection ver-
sus lateral internal sphincterotomy in the treatment of chronic 
anal fissure: a randomized controlled trial. World J Surg 2010; 
34: 2730-2734

50 Madalinski MH, Slawek J. Safety of botulinum toxin thera-
pies. Dis Colon Rectum 2003; 46: 1719-1720

51 Jost WH, Schanne S, Mlitz H, Schimrigk K. Perianal thrombo-
sis following injection therapy into the external anal sphincter 
using botulin toxin. Dis Colon Rectum 1995; 38: 781

52 Madalinski M, Slawek J, Duzynski W, Zbytek B, Jagiello 
K, Adrich Z, Kryszewski A. Side effects of botulinum toxin 
injection for benign anal disorders. Eur J Gastroenterol Hepatol 

2002; 14: 853-856
53 Brisinda D, Maria G, Fenici R, Civello IM, Brisinda G. Safety 

of botulinum neurotoxin treatment in patients with chronic 
anal fissure. Dis Colon Rectum 2003; 46: 419-420

54 Carapeti EA, Kamm MA, McDonald PJ, Chadwick SJ, Mel-
ville D, Phillips RK. Randomised controlled trial shows that 
glyceryl trinitrate heals anal fissures, higher doses are not 
more effective, and there is a high recurrence rate. Gut 1999; 
44: 727-730

55 Ogilvie JW, Ricciardi R. Complications of perineal surgery. 
Clin Colon Rectal Surg 2009; 22: 51-59

56 Yüksel O, Bostanci H, Leventoğlu S, Sahin TT, Menteş BB. 
Keyhole deformity: a case series. J Gastrointest Surg 2008; 12: 
1110-1114

57 Lindsey I, Cunningham C, Jones OM, Francis C, Mortensen 
NJ. Fissurectomy-botulinum toxin: a novel sphincter-sparing 
procedure for medically resistant chronic anal fissure. Dis Co-
lon Rectum 2004; 47: 1947-1952

58 Sileri P, Stolfi VM, Franceschilli L, Grande M, Di Giorgio A, 
D’Ugo S, Attina’ G, D’Eletto M, Gaspari AL. Conservative 
and surgical treatment of chronic anal fissure: prospective 
longer term results. J Gastrointest Surg 2010; 14: 773-780

59 Madalinski MH, Slawek J, Zbytek B, Duzynski W, Adrich 
Z, Jagiello K, Kryszewski A. Topical nitrates and the higher 
doses of botulinum toxin for chronic anal fissure. Hepatogas-
troenterology 2001; 48: 977-979

60 Brisinda G, Maria G, Sganga G, Bentivoglio AR, Albanese 
A, Castagneto M. Effectiveness of higher doses of botulinum 
toxin to induce healing in patients with chronic anal fissures. 
Surgery 2002; 131: 179-184

61 Schubert MC, Sridhar S, Schade RR, Wexner SD. What every 
gastroenterologist needs to know about common anorectal 
disorders. World J Gastroenterol 2009; 15: 3201-3209

62 Madalinski M. The treatment algorithm instead of the un-
known optimal dose of botulinum toxin for chronic anal 
fissure. Aliment Pharmacol Ther 2004; 20: 125; author reply 
125-127

63 Madalinski M. Botulinum neurotoxin and other treatments 
for fissure-in-ano and pelvic floor disorders (Br J Surg 2002; 
89: 950-61). Br J Surg 2002; 89: 1620-1621; author reply 1821

64 Gassner HG, Brissett AE, Otley CC, Boahene DK, Boggust 
AJ, Weaver AL, Sherris DA. Botulinum toxin to improve 
facial wound healing: A prospective, blinded, placebo-con-
trolled study. Mayo Clin Proc 2006; 81: 1023-1028

65 Kim YS, Roh TS, Lee WJ, Yoo WM, Tark KC. The effect of 
botulinum toxin A on skin flap survival in rats. Wound Repair 
Regen 2009; 17: 411-417

66 Madalinski M. To predict and understand anal fissure heal-
ing. Int J Colorectal Dis 2011; 26: 263

67 Madalinski M, Chodorowski Z. Our view on fissure healing 
should be verified. Dis Colon Rectum 2006; 49: 414-415

68 Bassenge E. Endothelial function in different organs. Prog 
Cardiovasc Dis 1996; 39: 209-228

69 Patel CA, Rattan S. Cellular regulation of basal tone in in-
ternal anal sphincter smooth muscle by RhoA/ROCK. Am J 
Physiol Gastrointest Liver Physiol 2007; 292: G1747-G1756

70 Essler M, Linder S, Schell B, Hüfner K, Wiedemann A, Rand-
hahn K, Staddon JM, Aepfelbacher M. Cytotoxic necrotiz-
ing factor 1 of Escherichia coli stimulates Rho/Rho-kinase-
dependent myosin light-chain phosphorylation without 
inactivating myosin light-chain phosphatase in endothelial 
cells. Infect Immun 2003; 71: 5188-5193

71 Watts EJ, Rose MT. Platelet-derived growth factor acts via 
both the Rho-kinase and p38 signaling enzymes to stimulate 
contraction in an in vitro model of equine wound healing. 
Domest Anim Endocrinol 2010; 38: 253-259

72 Madalinski, Adrich Z, Kryszewski A. Why can topical Glyc-
eryl Trinitrate and Botulinum toxin be ineffective in the treat-
ment of chronic anal fissure? Gut 1999; 45: A304

73 Durai R, Razvi A, Hin PN. Novel use of povidone iodine in 

Madalinski MH. Identifying the best therapy for anal fissure.



16 April 6, 2011|Volume 2|Issue 2|WJGPT|www.wjgnet.com

fissure-in-ano. Singapore Med J 2010; 51: 837-838
74 Gil J, Luján J, Hernández Q, Gil E, Salom MG, Parrilla P. 

Screening for the effectiveness of conservative treatment in 
chronic anal fissure patients using anorectal manometry. Int J 
Colorectal Dis 2010; 25: 649-654

75 Martinez-Ramos D, Nomdedeu-Guinot J, Artero-Sempere 
R, Escrig-Sos J, Gibert-Gerez J, Alcalde-Sanchez M, Salvador-
Sanchis JL. Prospective study to evaluate diagnostic accuracy 
in benign anal diseases in primary care. Aten Primaria 2009; 
41: 207-212

76 Grucela A, Salinas H, Khaitov S, Steinhagen RM, Gorfine 
SR, Chessin DB. Prospective analysis of clinician accuracy in 
the diagnosis of benign anal pathology: comparison across 
specialties and years of experience. Dis Colon Rectum 2010; 53: 

47-52
77 Kaiser AM. A comparison of botulinum toxin and nitroglyc-

erin ointment for chronic anal fissure. N Engl J Med 1999; 341: 
1701

78 Vogel JD. A comparison of botulinum toxin and nitroglyc-
erin ointment for chronic anal fissure. N Engl J Med 1999; 341: 
1701

79 Madalinski MH. Higher or lower doses of botulinum toxin 
for the treatment of chronic anal fissure? Gastroenterology 
2003; 124: 1165

80 Madalinski MH, Slawek J. The higher doses of botulinum 
toxin and the potentiate effect of its action after nitric oxide 
donors application for the treatment of chronic anal fissure. 
Surgery 2003; 133: 455; author reply 455-456

S- Editor  Wang JL    L- Editor  Roemmele A    E- Editor  Zhang L

Madalinski MH. Identifying the best therapy for anal fissure.


