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University Hospital Marburg, University of Marburg, Marburg, Germany

Background: Therapeutic principles of fistula-in-ano (FIA) are lacking
evidence-based consensus on treatment options. Non-cutting, sphincter-
sparing options have not been published for infancy and childhood FIA.

Patients and methods: We are presenting retrospective data on FIA treatment
with non-cutting seton placement between 2011 and 2020. Data were collected
based on medical records and complemented by patients’ contact for follow-up
analyses between November 2021 and October 2022. Data were analyzed
regarding the outcome variables of recurrent FIA and recurrent perianal abscess.
Furthermore, outcomes in different age groups were compared (<1/1.5-12 years
of age).

Results: Treatment duration with non-cutting seton was at a median of 4.6
months and was not associated with recurrent FIA (p=0.8893). Overall
recurrence rate of FIA within an observation time of 9 months postsurgically
was at 7% (n=3/42) and was only seen in infancy, whereas recurrent perianal
abscess was mainly observable in children (n =2, p = 0.2132). Comparison of age
groups revealed no significant differences. Of the 42 included patients, 37
responded in the follow-up analysis, resulting in a response rate of 88% with a
median follow-up time of 4.9 years. Fecal incontinence was postsurgically only
seen in two patients, who were diagnosed prior to surgery and symptoms
remained unchanged.

Conclusions: Non-cutting seton placement might be a promising option in the
treatment of FIA in infancy and childhood. Perioperative settings like duration of
placed seton and antibiotic treatment have to be discussed in further
prospective, enlarged population-based studies.

KEYWORDS

pediatric fistula-in-ano, perianal abscess, placement of seton, loose seton, sphincter
sparing

1. Introduction

Therapy for fistula-in-ano (FIA) in infancy and childhood is lacking evidence-based
options and consensus on general guidelines. Individual treatment relies therefore on the
empiric decision of the attending surgeon and is based on principles of adult experiences.
However, classical adult approaches like fistulotomy or seton placement were expanded by
the implementation of sphincter-sparing techniques, e.g., non-cutting seton, dermal flaps,
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or fibrin sealant injections (1), which have not yet been transferred
to pediatric surgery despite a singular case presentation of non-
cutting seton placement in children >1.5 years of age (2).

Emile et al. presented in 2016 the singular systematic review on
the treatment of FIA in infants (3). Even if conservative approaches
are discussed with promising results (4), surgical options are
revealed to be significantly preferred in this review. Out of 399
surgically treated infants (of 490 included patients), 65% received
fistulotomy, 21% fistulectomy, and 12% placement of a cutting
seton. The summary of postsurgical complications confirmed
favorable results for one concept: placement of a cutting seton
was associated with a low recurrence rate (4% vs. 7% in
fistulotomy vs. 1% in fistulectomy) and showed no complications
(vs. 9% in fistulectomy vs. 1% in fistulotomy). However, long-
term follow-up was not provided and perioperative therapeutic
settings, such as antibiotic treatment or duration of placed seton,
were not discussed. Furthermore, techniques of non-cutting seton
placement were not evaluated and are rarely published so far.

We have treated patients in our specialized center with seton
since 2011.
coloproctological principles, we applied a non-cutting seton

placement Based on the adaption of adult
without surgical revisions as a sphincter-sparing technique,
which supports drainage, granulation, and epithelialization of the
fistulous tract. We here present the outcome of non-cutting seton
placement in pediatric patients with FIA in our institution
retrospectively with the goal to illustrate follow-up data of this
method in infancy.

2. Patients and methods
2.1. Data management

This is a retrospective analysis of patients with FIA, who were
treated surgically within January 2011 and December 2020 in our
children
transsphincteric FIA according to the Park classification (5),

institution.  All presenting with an intra- or
which includes the majority of the sphincter complex, were
included in the study. Patients with inflammatory bowel disease
were excluded from further analyses.

Patients’ preoperative characteristics, surgical data, and clinical
outcomes were compiled from medical records of routine
perioperative check-ups. Additionally, patients were contacted by
telephone to obtain further follow-up data between November
2021 and October 2022. At these contacts, informed consent was
obtained for participation from each patient and data collection
was based on a specialized questionnaire. This questionnaire was
developed to classify possible problems of wound healing and
especially sequela (defecation pain, anal fissures, constipation,
anal bleeding, fecal incontinence, perianal dermatitis). If any of
the questions affirmed a problem, patient’s direct contact to the
outpatient clinic was established and further therapy was
introduced. The study was conducted based on the Declaration
of Helsinki and further amendments and was furthermore
approved by the local ethics committee (No. 20-240_1-B).
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2.2. Surgical technique

Silicon seton placement was conducted under general
anesthesia. Identification of the FIA was secured by the insertion
of a bulb-headed lacrimal probe, on which a silicon vessel loop
was attached and pulled through the entire fistulous tract (see
Figures 1A-C). In case of a perianal abscess, drainage and
sphincter-sparing debridement was performed followed by
secondary wound healing. The loop was ligated loosely outside
the anus without any additional tension to the skin (see
Figure 1D). Regular surgical revision of the seton was waived. In
routine follow-ups, it was removed if it did not fall out
spontaneously. Time point of removal was set individually:
decision was made by the attending surgeon based on clinical
findings without any signs of inflammation or purulent secretion
at the FIA for at least 6 weeks.

2.3. Statistical analyses

Analyses were made based on primary outcome variables,
defined as recurrent FIA or recurrent perianal abscess. Patients
were divided into two study groups according to the patient’s age
at diagnosis (group 1: infants between 0 and 12 months of age,
group 2: children >1 year of age). Data were statistically analyzed
using the SAS software (release 9.4; SAS Institute Inc., Cary, NC,
United States).
median with interquartile range (IQR). Categorical variables were

Quantitative variables were summarized as

summarized as percentages. Continuous variables were compared
using the nonparametric Mann-Whitney U-test. Fisher’s exact
test and Chi square test were used for comparing categorical
data. Differences were considered significant at p < 0.05.

3. Results

Within the study period of 10 years, 47 patients were treated
due to FIA in our specialized center. No patient received
conservative treatment. After exclusion of 5 patients with
inflammatory bowel disease, a total of 42 patients were included
in further analyses and were contacted to collect follow-up data.
Of these, 37 patients responded to our inquiry, resulting in a
response rate of 88%. Median follow-up time was 4 years and 11
months. The study’s design is depicted in Figure 2.

Patients’ demographic baseline data are shown in Table 1. We
included patients with secondary diagnoses despite inflammatory
bowel diseases. In two cases, syndromes were identified without
association of inflammatory intestinal processes. Prior to
diagnosis and seton placement at our institution, four infants
were diagnosed with FIA and treated with fistulectomy (n=2)
and cutting seton placement (n=2) in other children’s hospitals.
These patients were also included in our study.

Every patient received placement of a non-cutting seton as
described above. Duration of the placed seton was at a median of

4.6 months (range 2 days to 11.0 months) and was not

frontiersin.org


https://doi.org/10.3389/fsurg.2023.1144425
https://www.frontiersin.org/journals/surgery
https://www.frontiersin.org/

Besendorfer et al.

10.3389/fsurg.2023.1144425

FIGURE 1

The surgical technique is illustrated by an exemplary case of an infant of 10 months of age with two FIA. After placement of seton in a FIA at 3 o'clock, FIA
with concomitant perianal abscess at 10 o'clock is explored (A). FIA is identified by the insertion of a bulb-headed lacrimal probe (B). The silicone vessel
loop is attached (C) and pulled trough. The loop is ligated loosely outside the anus without any additional tension to the skin (D)

associated with the occurrence of recurrent FIA or perianal abscess
(p =0.8893). Overall, FIA recurrence rate was at 7% (3/42) within
an observational time of 9 months postsurgically: in two patients,
an FIA occurred at 1.0 and 3.5 months while the seton was still
in place, which made surgical revision necessary. One patient
suffered from a recurrent FIA 1.0 months after removal of the
seton (2%, n = 1/42). Recurrent perianal abscess occurred in three
patients within 3 months after seton placement. In no patient,
revision of seton placement was necessary. Data on long-term
sequela were collected based on the questionnaire and included
perianal dermatitis, constipation, and fecal incontinence, as
indicated by the parents in 6/37 patients (16%). Perianal
dermatitis was seen after full recovery of the FIA treatment in
two patients (5%), and fecal incontinence only occurred in
children suffering from this condition prior to FIA surgery.
Results of outcome comparing age groups of infants (up to 12
months of age) and children (1-12 years) are presented in Table 2.
There were no significant differences regarding presurgical setting
and surgical outcome. Duration and removal of seton was equal
in the comparison of the age groups. Although recurrent FIA
was only observable in infants (9%, n =3), recurrent abscess was
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mainly seen in older children (22%, p=0.2132). No long-term
sequela was significantly associated with age groups or outcome
variables. Increasing incidence of any postsurgical condition was
associated with increasing age though (p =0.0315).

4. Discussion

We present the first study on non-cutting seton placement in
intra- and transsphincteric FIA of infancy and childhood, which
is based on retrospective data from a single center. This
approach is adapted from adult techniques in order to spare the
sphincter complex and reduce postoperative sequela. As classical
surgical options like fistulotomy, fistulectomy, and cutting seton
are insufficient in anal sphincter protection and drainage, loose
seton was proposed in adult therapy (6, 7) and has been evolved
to combined options (8). Dekker et al. summarized treatment
options of FIA in adults in 2021 and stated that in cases of high
FIA and complex or highly inflammatory findings, 90% of the
participating surgeons currently use non-cutting seton in the
Netherlands as state of the art (9). Removal of seton was

frontiersin.org


https://doi.org/10.3389/fsurg.2023.1144425
https://www.frontiersin.org/journals/surgery
https://www.frontiersin.org/

Besendorfer et al.

10.3389/fsurg.2023.1144425

47 patients with FIA
and surgical treatment

33 patients

FIGURE 2
The study design.

ANALYSIS
42 patients

FOLLOW-UP

37 patients

9 patients

exclusion of 5 patients
lost to follow up

observable between 6 and 12 weeks, when epithelialization of the
fistulous tract had been achieved.

Seton placement as a therapeutic option in pediatric FIA has
rarely been discussed in the literature. Ikeda et al. were able to
publish the first study presenting the outcome of FIA patients
after cutting seton placement, which is considered the largest
series on cutting seton placement in children (10). Of the FIA
patients, 97% recovered under therapy with seton. Inoue et al
presented the long-term follow-up of these patients in 2014 and
confirmed that fecal incontinence could be excluded as a relevant
sequela with a mean follow-up time of 50 months (11).
Conclusively, they confirmed a decreased recurrence rate and
treatment duration after cutting seton placement in 36 FIA
patients aged <1 year (10). Direct comparison to non-cutting
techniques should be made with caution and might only be
completely possible if the scientific discussion is focusing on
infancy/childhood data on pain (postsurgically and after tightening
of the seton to cut further), quality of life, and long-term follow-
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up of fecal incontinence (>40 years of age). Turkyilmaz et al. are
to our knowledge the only study group reporting on non-cutting
seton placement in FIA in a case presentation of three children
(2). Neither recurrence of FIA nor fecal incontinence occurred as
sequela. They do, however, not report a time point of healing.

We observe

o A relatively low recurrence rate of 7% with only one patient with
recurrent FIA after seton removal (2%), which reflects study
outcomes of the so far singular review on childhood FIA (3).
Recurrence rates after cutting seton placement have been
described in up to 15% in childhood and adult studies (2).
Non-cutting seton placement might therefore be a relevant
therapeutic option in the surgical treatment of FIA patients.

o No differences between age groups concerning outcome after
seton placement, even if the uneven distribution of subgroups
has to be acknowledged as a limitation of the study (n =33 vs.
9 patients). Novotny et al. associated an increased recurrence
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TABLE 1 Patients’ demographical characteristics.

’ All participants (n=42)

Age at diagnosis [median in months (range)] 6 (1-146)
Sex
Male 41 (98%)
Female 1 (2%)
Secondary diagnoses
Cardiac 4 (9%)
Gastrointestinal 2 (5%)
Syndromic 2 (5%)
Urogenital 3 (7%)
None 31 (74%)

FIA without perianal abscess at the timepoint of FIA diagnosis

Yes 7 (17%)

No 35 (83%)
Surgery for perianal abscess prior to FIA identification

Yes 17 (40%)

No 25 (60%)

FIA, fistula-in-ano.

TABLE 2 Surgical characteristics and outcome concerning age groups
(infants <12 months vs. children > 12 months).

Infants | Children | p-
(n=33) | (n=9) | value
Age at diagnosis [median in months 4 (1-12) | 31 (18-146) | <0.0001
(range)]
Surgery for perianal abscess prior to 02710
FIA identification
Yes 15 (45%) 2 (22%)
No 18 (55%) 7 (78%)
Perioperative antibiotic treatment 1.000
Yes 13 (39%) 3 (33%)
No 20 (61%) 6 (67%)
Duration of seton [median in days 145 (20~ | 134 (2-210) | 0.4257
(range)] 329)
Removal of seton 03213
By chance 6 (18%) 2 (22%)
By attending physician 19 (58%) 7 (78%)
Unknown 8 (24%) 0
Postsurgical complications 02132
None 29 (88%) | 7 (78%)
Perianal abscess 1 (3%) 2 (22%)
Re-FIA 3 (9%) 0
Long-term sequela n=28 n=9 02884
Constipation 1 (4%) 0
Fecal incontinence (preexisting prior to 0 1 (11%)
surgery)
Constipation and pain 1 (4%) 0
Constipation and fecal incontinence 0 1 (11%)
(preexisting prior to surgery)
Perianal dermatitis 2 (7%) 0
None 24 (85%) 7 (78%)

FIA, fistula-in-ano.

rate with increasing age, regardless of the therapeutic approach
(12), which contradicts our results. However, the bias of this
uneven distribution regarding only nine patients in the age
group of children impedes to draw strong conclusions.
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o Fecal incontinence not to be a complication in long-term
outcome with a median follow-up time of 47 months, as it
was not seen in otherwise healthy infants and children in our
population. Studies on adult FIA treatment confirm higher
rates of fecal incontinence after cutting seton placement (13,
14), which might probably also be the case after decades in
discussed populations of infants with FIA and might not have
been recorded in previous studies (11).

o Hints to postsurgical perianal dermatitis and childhood
constipation. An

increasing number of sequelae with

increasing age might additionally prompt for further

investigations.

However, we propose to evaluate the following two aspects in
further studies, as these might show a substantial influence on
postsurgical outcome. To our knowledge, these have not yet been
discussed in literature:

Duration of a placed non-cutting seton is not determined so
far. We were able to observe a therapeutic success rate of 93%
in FIA patients with a median duration of 4.6 months of the
placed seton, which was not associated with outcome variables.
Inoue et al. described a median healing time of 6.3 4.0 weeks
after seton placement compared to a healing time of up to 4
months under conservative options. We assume the median
duration of non-cutting seton to be too long in our population
and have currently established a prospective, randomized
controlled trial as a follow-up study, comparing outcome
variables in infants with FIA and non-cutting seton placement
for 4 and 12 weeks (registered with clinicaltrails.gov, Identifier
NCT05666609). Even in adult treatment, duration of the placed
seton is not determined so far and is depending on individual
decision (7).

Influence of perioperative antibiotic treatment remains
elusive. Afsarlar et al. proposed that the development of
FIA after a perianal abscess could be significantly reduced
with additional antibiotic therapy (15). However, this is
controversially discussed (16) and scientific discussion is lacking
data on recurrence of FIA.

Based on the retrospective nature of the study, the long
observational period, and the small sample size, limitations to the
discussed results and proposed conclusions are certainly given.
This is especially noteworthy regarding the comparison of age
groups within this study. Based on the small sample sizes of the
subgroups and the uneven distribution of sample sizes, statistical
assessment must be interpreted with caution. However, a
separate analysis of FIA within different age groups should be
conducted consequently in further studies. We estimate these
findings as a basis for further scientific discussions and see the
need for prospective, well-planned, enlarged population studies.
These should combine a pediatric surgical approach with the
coloproctological knowledge to assess options.

Conclusively, we estimate non-cutting seton placement as a
valuable surgical option in the treatment of intra- or
transsphincteric FIA in infants and children. This option seems
to combine benefits of the surgical approach with low incidence
of recurrence while avoiding the destruction of the sphincter.

frontiersin.org


https://doi.org/10.3389/fsurg.2023.1144425
https://www.frontiersin.org/journals/surgery
https://www.frontiersin.org/

Besendorfer et al.

Data availability statement

The raw data supporting the conclusions of this article will be
made available by the authors, without undue reservation.

Ethics statement

The studies involving human participants were reviewed and
approved by Ethikommission der Friedrich-Alexander-Universitat
(FAU). Written
participate in this study was provided by the participants’ legal

Erlangen-Niirnberg informed consent to

guardian/next of kin.

Author contributions

MB, RC, HM, and SD contributed to the conception and
design of the study. LL and SD organized the database and
prepared the analysis. CW conducted the statistical analysis. SD

References

1. Blumetti J, Abcarian A, Quinteros F, Chaudhry V, Prasad L, Abcarian H.
Evolution of treatment of fistula in ano. World J Surg. (2012) 36(5):1162-7. doi: 10.
1007/s00268-012-1480-9

2. Turkyilmaz Z, Karabulut R, Sonmez K, Eryilmaz S, Tairov V. Seton placement for
fistula-in-ano in children. Hong Kong J Paediatr. (2018) 23:239-41.

3. Emile SH, Elfeki H, Abdelnaby M. A systematic review of the management of anal
fistula in infants. Tech Coloproctol. (2016) 20(11):735-44. doi: 10.1007/s10151-016-
1536-1

4. Rosen NG, Gibbs DL, Soffer SZ, Hong A, Sher M, Peia A. The nonoperative
management of fistula-in-ano. J Pediatr Surg. (2000) 35(6):938-9. doi: 10.1053/jpsu.
2000.6931

5. Parks AG, Gordon PH, Hardcastle JD. A classification of fistula-in-ano. Br J Surg.
(1976) 63(1):1-12. doi: 10.1002/bjs.1800630102

6.Ji L, Zhang Y, Xu L, Wei J, Weng L, Jiang J. Advances in the treatment of anal
fistula: a mini-review of recent five-year clinical studies. Front Surg. (2020)
7:586891. doi: 10.3389/fsurg.2020.586891

7. Kelly ME, Heneghan HM, McDermott FD, Nason GJ, Freeman C, Martin ST,
et al. The role of loose seton in the management of anal fistula: a multicenter study
of 200 patients. Tech Coloproctol. (2014) 18(10):915-9. doi: 10.1007/s10151-014-
1186-0

8. Izadpanah A, Rezazadehkermani M, Hosseiniasl SM, Farghadin A, Ghahramani
L, Bananzadeh A, et al. Pulling seton: combination of mechanisms. Adv Biomed
Res. (2016) 5:68. doi: 10.4103/2277-9175.180637

Frontiers in Surgery

06

10.3389/fsurg.2023.1144425

and MB wrote the first draft of the manuscript. HM and RC
revised the manuscript. All authors contributed to the article and
approved the submitted version.

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.

Publisher’s note

All claims expressed in this article are solely those of the
authors and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed
or endorsed by the publisher.

9. Dekker L, Zimmerman DDE, Smeenk RM, Schouten R, Han-Geurts IJM.
Management of cryptoglandular fistula-in-ano among gastrointestinal surgeons in
The Netherlands. Tech Coloproctol. (2021) 25(6):709-19. doi: 10.1007/s10151-021-
02446-3

10. Tkeda T, Inoue M, Sugitou K, Hagiwara N, Koshinaga T, Kusafuka T. Treatment
of fistula-in-ano in infants with a seton. J Pediatr Surg. (2007) 42(6):1095-7. doi: 10.
1016/j.jpedsurg.2007.01.062

11. Inoue M, Sugito K, Ikeda T, Kawashima H, Hanada M, Furuya T, et al. Long-
term results of seton placement for fistula-in-ano in infants. J Gastrointest Surg.
(2014) 18(3):580-3. doi: 10.1007/s11605-013-2351-x

12. Novotny NM, Mann M]J, Rescorla FJ. Fistula in ano in infants: who recurs?
Pediatr Surg Int. (2008) 24(11):1197-9. doi: 10.1007/s00383-008-2236-3

13. Patton V, Chen CM, Lubowski D. Long-term results of the cutting seton for high
anal fistula. ANZ J Surg. (2015) 85(10):720-7. doi: 10.1111/ans.13156

14. Yu Q, Zhi G, Jia L, Li H. Cutting seton versus decompression and drainage seton
in the treatment of high complex anal fistula: a randomized controlled trial. Sci Rep.
(2022) 12(1):7838. doi: 10.1038/s41598-022-11712-9

15. Afsarlar CE, Karaman A, Tamir G, Karaman I, Yilmaz E, Erdogan D, et al.
Perianal abscess and fistula-in-ano in children: clinical characteristic, management
and outcome. Pediatr Surg Int. (2011) 27(10):1063-8. doi: 10.1007/s00383-011-2956-7

16. Ezer SS, Oguzkurt P, Ince E, Higsonmez A. Perianal abscess and fistula-in-ano in
children: aetiology, management and outcome. J Paediatr Child Health. (2010) 46
(3):92-5. doi: 10.1111/j.1440-1754.2009.01644.x

frontiersin.org


https://doi.org/10.1007/s00268-012-1480-9
https://doi.org/10.1007/s00268-012-1480-9
https://doi.org/10.1007/s10151-016-1536-1
https://doi.org/10.1007/s10151-016-1536-1
https://doi.org/10.1053/jpsu.2000.6931
https://doi.org/10.1053/jpsu.2000.6931
https://doi.org/10.1002/bjs.1800630102
https://doi.org/10.3389/fsurg.2020.586891
https://doi.org/10.1007/s10151-014-1186-0
https://doi.org/10.1007/s10151-014-1186-0
https://doi.org/10.4103/2277-9175.180637
https://doi.org/10.1007/s10151-021-02446-3
https://doi.org/10.1007/s10151-021-02446-3
https://doi.org/10.1016/j.jpedsurg.2007.01.062
https://doi.org/10.1016/j.jpedsurg.2007.01.062
https://doi.org/10.1007/s11605-013-2351-x
https://doi.org/10.1007/s00383-008-2236-3
https://doi.org/10.1111/ans.13156
https://doi.org/10.1038/s41598-022-11712-9
https://doi.org/10.1007/s00383-011-2956-7
https://doi.org/10.1111/j.1440-1754.2009.01644.x
https://doi.org/10.3389/fsurg.2023.1144425
https://www.frontiersin.org/journals/surgery
https://www.frontiersin.org/

	Treatment of pediatric fistula-in-ano—Sphincter-sparing non-cutting seton placement as the future treatment of choice?
	Introduction
	Patients and methods
	Data management
	Surgical technique
	Statistical analyses

	Results
	Discussion
	Data availability statement
	Ethics statement
	Author contributions
	Conflict of interest
	Publisher's note
	References


