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Abstract

Background: Refractory anastomotic strictures (AS) following esophageal atresia (EA) repair in children remain a
challenging clinical issue, often resistant to standard endoscopic balloon dilatation (EBD). Despite multiple sessions, some
patients experience persistent or recurrent symptoms, potentially associated with excessive fibrosis during healing process.

Objective: To evaluate novel, less invasive, and potentially more effective treatment strategies for managing refractory
anastomotic strictures after esophageal atresia repair in pediatric patients..

Search strategy: A literature review was conducted using the Web of Science and PubMed databases, covering a 5-year
period. The ftreatment modalities for refractory esophageal anastomotic strictures were categorized into seven groups: (1)
intralesional corticosteroid injection (ICl), (2) systemic corticosteroid therapy, (3) topical application of mitomycin C (MMC), (4)
endoscopic incisional therapy (EIT), (5) esophageal stenting, (6) cell-based therapies, and (7) magnetic recanalization.

Results: Contemporary treatment options for pediatric refractory esophageal strictures were analyzed. Intralesional
corticosteroid injections, particularly triamcinolone, have been associated with reduced dilation frequency in short strictures,
though potential complications include adrenal suppression and infectious risks. MMC has shown variable efficacy; some
studies reported a reduction in stricture frequency, while others found no significant benefit. EIT has proven effective for
short, asymmetric strictures but carries a high risk of esophageal perforation. Both esophageal stenting and systemic
corticosteroid therapy remain controversial due to limited supporting evidence. Emerging techniques, including magnetic
recanalization and cell-based therapies using autologous grafts or extracellular matrix scaffolds, are still in experimental
stages but have shown promising outcomes in select cases.

Conclusion: There is no universally accepted treatment for refractory esophageal strictures. Intralesional corticosteroids
and mitomycin C appear promising for short strictures, while novel therapies require further investigation. Prospective,
comparative studies involving larger cohorts and long-term follow-up are essential to determine optimal treatment strategies,
establish objective efficacy criteria, and confirm the safety of new therapeutic approaches.

Keywords: esophageal atresia, anastomotic stricture, refractory and recurrent stenosis, adjunctive therapies,
esophageal stenting.
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Pestome: PedpakTepHble CTpukTypbl aHacTomo3a (CA) nocne koppekuum atpeauu nuwesoaa (Al) y aeTeir octanTcs
CMOXHOI Npobnemoit, 4acTo yCTOMYMBOI K CTaHAAPTHOWM 3HAOCKomuyeckoi 6annoHHon aunataumm (OBM). HecmoTtps Ha
MOBTOPHbIE MPOLEAYPbI, Y psAa NauyeHToB HabnogaeTcs peunans UK CTOMKOe NepeMCTMPOBaHNE CUMMTOMOB, YTO MOXET
ObITb CBSA3aHO C yCUNEHHbIM (hBpOreHe30M B NPOLIECCE 3aXMBIIEHUS.

Llenb: M3yuntb HOBble, MeHee WHBa3WBHble U Gonee 3dheKTUBHbIE BapuUaHTblI NeYeHNs pedpakTepHbIX CTPUKTYP
aHacTomosa nocre KoppekLmuv aTpesun nuiyesoaa y aeten.

Metogbl: O630p nuTepatypbl Obin NpoBedeH ¢ ucnonb3oBaHneM 6a3 aanHbix Web of Science n PubMed. nybuHa
noucka coctasuna 5 net. Metoabl neveHns pepakTepHbIX CY)XEHWA aHacTOMO3a NuLLEeBOAa Obinn pasgeneHbl Ha ceMb
rpynn: (1) BHyTpMoYaroBas MHbEKLUWS FMIOKOKOPTUKOCTeponaos (BUT), (2) cuctemHas Tepanus rioKOKOPTUKOCTEpoUaamm
(TKC), (3) npumerenne mutommumHa C (MMC), (4) sHpockonuyeckas WHUmM3noHHas Tepanus (SWT), (5) cTeHTMpoBanue
nuLesoaa, (6) kneToyHas Tepanus, (7) MarHUTHas pekaHanuaaums.

Pe3ynbTatbl: PaccMOTpeHb! COBPEMEHHbIE NOAXOAb! K NeYeHU0 pedhpakTepPHbIX aHACTOMOTUYECKUX CTPUKTYP NULLEeBOAA Y
[EeTe/ mocrme Koppekuwy atpeann nuwesoga (ArM). BHyTpuoyaroBoe WHBEKUMW  TIOKOKOPTUKOCTEPOWUAO0B, OCOBEHHO
TPUaMLMHOMOHA, NOKA3aMK CHKEHWE YaCTOTbl AunaTtaLuiz Npu KOPOTKUX CTPUKTYpaX, HO COMPOBOXAAIOTCS pucKami, BKroYast
CYNPECcCMio HaZMOYEYHNKOB U MHADEKLMOHHbIE OCHOXHEHUS. MutomMuumH C, MpUMEHSIEMbIN NOKarnbHO, MPOAEMOHCTPUpOBAN
MPOTMBOPEYMBbIE PE3YNbTaThl: B HEKOTOPbIX UCCIIEA0BaHNSX OTMEYEHO YMEHbLUEHWE YacTOTbl CTPUKTYP, B APYruX — OTCYTCTBUE
atbdhekTa. DHAOCKOMMYECKAs MHUM3MOHHAS Tepanust 3peKTUBHA NMPU KOPOTKAX U aCUMMETPUYHBIX CTPUKTYpaX, HO CBs3aHa C
BbICOKMM puckoMm nepdopauun nuwesopa. CTEHTMPOBaHWME M CUCTEMHas Tepamus [TIOKOKOPTMKOCTEpOMZAMM OCTakoTCs
CMOPHbIMKM METOaMW C OrpaHNYeHHON [okasaTenbHoi 0a3oi. HoBble TEXHOMOMAM, BKIKOYAs MarHUTHYIO pekaHanM3aumio U
KMETOYHYI0 Tepanuio C WCMONb30BAHWMEM ayTOMOMMYHBLIX TPAHCMAHTATOB WNM BHEKNETOYHOr0 MaTpuKea, HaxogsaTcs Ha
SKCTIEPUMEHTANBHOM CTaZMK, HO JEMOHCTPUPYHOT OBHaAEXVBatOLLME Pe3ynbTaThl B OTAENBHbIX Cyyasix.

BbiBoabl: He cylecTByeT yHMBEpPCANbHOrO MeTOAA fNeveHust pedpakTepHbIX CTPUKTYp nuwesoga. Hambonee
NepPCNeKTUBHbI BHYTPMOYaroBoe BBEEHME TMIOKOKOPTUKOCTEPOMAOB M MutomuumHa C npn KOPOTKUX CTPUKTYpax, TOrAa Kak
WHHOBALMOHHbIE MeTofbl TpebylT panbHelwnx uccnepgoBaHuit.  Heobxogumbl  mocregytoline  NPOCMEKTUBHBIE,
CPaBHUTENbHbIE UCCNEAO0BaHMS C DOMbLUMM KOMMYECTBOM NaLWEHTOB W AONTOCPOYHBIM HabNAeHWeM Ans onpeaeneHns
ONTUManbHbIX CTpaTerit, pas3paboTkm 0BBEKTUBHBIX KPUTEPUEB OLIEHKN SGEKTUBHOCTI U NOATBEPKOEHUS Be30nacHoCTy
HOBbIX TepaneBTUYECKUX NOAXOAOB.

Knrovesble cnoea: ampesus nuwegolda, CyxeHue aHacmomo3sa, peghpakmepHbie U peyudusupyroujue cmpukmypbl,
8cnomMozameribHble Memo0db! IEYEHUSs, CMeHmUposaHue nuwegooa.
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Kipicne: ©HeLl aTpeanschiH X1pyprusinblk, Ty3eTyAeH kediHri pechpaktepni aHactomoaablk cTpukTypanap (AC) 6ananap
apacbiHa sHgockonusAnbik OannoHabl avnataumssa (OBM) TypakTbl xayan OepmeiTiH kypaeni macene 6onbin kana
Oepegi. KanTanama npouenypanapfsa kapamacTaH, keibip Haykactapha cuMnTOMAapablH, kalTa naiga Gonybl Hemece
TypaKThbl cakTanybl 6ankanagbl, Oyn xasbiny npoueciHaeri kywenreH gubporeHe3beH 6aiinanbICTbl 60Mybl MyMKiH.

MakcaTbl: OHel aTpesnsiChlH Ty3eTKEHHEH KeMiH 4aMUTbIH pedpakTepni aHaCTOMO3AbIK CTPUKTypanapabl eMaeyaiH,
THiMAi api MHBA3MBTINIM TOMEH XaHa SAiCTEPIH 3epTTey.

opaictep: Web of Science xaHe PubMed aepektep 6asachl apkblifibl COHFbI 5 Kbin iliHaeri apebueTke Wwony xyprisingi.
OHeELL aHacToMO3bl CTPUKTYpanapblH eMAey a4icTepi keneci xeTi Tonka 6eninai: (1) owakiLwinik rmoKoKOPTUKOCTEPOULTHI
nabekuns (TKC), (2) xyieni rnokokopTukocTepouatsl Tepanus, (3) mutomuumH C (MMC) kongaHy, (4) SHAOCKONUANBIK,
nHUm3naneik Tepanus (ANT), (5) eHelwTi cTeHTTey, (6) xacywanbik Tepanus, (7) MarHUTTiK pekaHanuaaums.
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Hatuxenep: OHeLl aTpe3nsachbiH Ty3eTKEHHEH KEWiHr pedpakTepni aHacTOMO3/bIk, CTPUKTYpanapabl eMaeyaiH, kasipri
Tacinaepi kapacTbipbinabl. [TOKOKOPTUKOCTEPOUATAPAbIH, SCIipece TPUAMUMHOMNOHHbIH, OLIAKILLINIK MHbEKUMSNAPh! KbiCKa
CTpUKTypanapga aunatauust XuiniriH TemeHaeTkeHiMeH, Oyiipek ycTi 6esi (hyHKUMACHIHbIH, TEXENYi XaHe WH(EKUMAbIK,
ackblHynap cekingi kayintepmeH bannaHbicTbl. MutomuumH C xeprinikTi KongaHbinFaH4a apTyphi HaTUXeNep KepceTTi:
kenbip 3epTTeynepae CTPUKTYpa Xwiniri asairaH, backanapbiHga acepi 6onmaraH. QHAOCKOMUAMNbIK MHUM3UAMBIK Tepanis
KbICKA XaHe acMMMETpusrblK CTPUKTYpanapga TuiMai, 6ipak eHewTiH, nepdopaumuscel kayniMeH wektenegi. CteHTTey
xaHe xymneni TKC Tepanusicel fanenaeme basachl XKeTKinikci3, gaynbl agictep 6onbin kanbin oTbip. Xana TexHonorusnap,
COHbIH, iUiHOE MAarHMTTIK pekaHanusauns MeH ayTonorusnblK TPaHCMIaHTaTTap HEMECe XKacyllachl3 MaTPUKC apKblinbl
Xacylwanblk Tepanus ani 9kCNepuMeHTTIK caTbliaa, bipak ekenereH xargannapaa yMit KyTTipeprik HaTuxenep kepceTTi.

KopbITbIHAbI: Pedhpaktepni eHel CTpUKTypanapblH emaeyaiH ambeban apici koK. Kbicka ctpuktypanapga [KC xeaHe
MMC owakiwinik kKongaHy eH NepcnekTUBTI Tacinaep Oonbin Tabbinaabl, an MHHOBALMAMbIK aA4iCTEPAl KEHipeK 3epTTey
KaxeT. EMHiH Kayincisgiri MeH TuimainiriH ganengenTiH, ynkeH MNonynsauusaa XyprisineTiH Oonawak, NpoCreKTUBTI,
carnbICTbipMarbl 3epTTEYNEP KaXeT.

TyliHdi ce3dep: eHew ampe3usicbl, aHacmomMo30bik CMpUKmMypa, pepakmepni XaHe peyudusmi cmpukmypanap,
KoCbiMWa emdey adicmepi, eHewmi cmeHmmey.
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Introduction

Despite dilation treatment of postoperative esophageal
stricture, some patients may experience recurrence or
persistent symptoms. The causes of recurrent episodes or
persistent anastomotic stenosis (AS) are not fully
understood. The development of stricture is influenced by
numerous initial conditions, as well as intra- and
postoperative risk factors, which can significantly affect the
outcome of the disease. The dilation procedure, in turn,
may partially contribute to increased fibrogenesis during
healing, which is an important factor in repeat interventions.
Repeated dilation sessions increase the risk of
complications and can have a negative impact on the
psychological state of patients, especially children. If the
stricture becomes resistant to dilation, it is preferable to
adhere to a conservative approach before considering the
patient as a candidate for surgical intervention [42]. Despite
the lack of specialized controlled studies, various non-
surgical methods of adjuvant treatment can be used in
clinical practice for refractory and recurrent AS.

Search strategy

A comprehensive literature review was conducted using
the PubMed and Web of Science databases, with a cutoff
date of December 31, 2024. The search strategy included
combinations of the following keywords: “esophageal
atresia”, “anastomotic stricture”, “refractory”, “recurrent’,
“adjunctive treatment”, and “esophageal stenting”.

Studies published between 2020 and 2024 were screened,
with a particular emphasis on refractory or recurrent
anastomotic strictures following esophageal atresia repair.
Given the limited availability of pediatric data, additional studies
were included if they addressed esophageal strictures of other
etiologies - such as caustic injuries - that shared similar clinical
behavior and treatment challenges.

Titles and abstracts were screened for relevance,
followed by full-text assessment of potentially eligible
articles. Studies were included if they reported outcomes of
adjunctive or alternative therapies for refractory esophageal
strictures in pediatric patients. Included interventions were

categorized into seven groups: intralesional corticosteroid
injection, systemic corticosteroid therapy, topical mitomycin
C application, endoscopic incisional therapy, esophageal
stenting, cell-based therapies, and magnetic recanalization.

Each treatment modality was evaluated based on its
reported effectiveness and safety, the durability of
response, the need for repeated dilatations, and the
occurrence of complications. In cases where pediatric-
specific data were lacking, relevant findings from adult

populations were considered to supplement and
contextualize the evidence base.
Results

An analysis of contemporary approaches to the treatment
of refractory anastomotic strictures following esophageal
atresia (EA) repair over the past five years has identified seven
main techniques, which are presented below.

Intralesional injection of glucocorticosteroids (GCS)

The administration of GCS into the stricture area, in
addition to dilation, was proposed for the prevention of
recurrence more than 50 years ago. Despite extensive
clinical experience, the mechanism of action remains poorly
understood. GCS are effective in hypertrophic scars and
keloids, making them potentially useful in recurrent
anastomotic strictures. The administration of GCS, such as
triamcinolone acetonide (TAC), reduces collagen synthesis,
enhances its breakdown, and reduces fibrous healing after
dilation, preventing cross-linking of collagen molecules and
the formation of contractures in scar tissue, improving long-
term treatment outcomes [3,44].

The most commonly used steroid for intralesional
injections is triamcinolone acetate or acetonide;
betamethasone and dexamethasone preparations are also
used [25]. TAC is usually injected using a standard
sclerotherapy needle into four quadrants of the esophagus
along the proximal edges of the stricture prior to dilation, as
described in Ramage et al. [38]. In some cases, an
additional injection is made directly into the scar tissue if its
thickness is uneven. The concentration used varies from 10
to 40 mg/ml according to different sources. The authors
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prefer 10 mg/ml, as 40 mg/ml is more viscous and requires
dilution before use [50]. Steroids can be administered
before and after dilation therapy. The optimal number of
injections remains controversial, but some experts limit
themselves to three procedures, since further administration
does not provide any additional effect and is also
associated with an increased risk of systemic and local
complications [45].

A systematic review and meta-analysis involving
more than 3,000 patients demonstrated the efficacy of
intrafocal glucocorticosteroid injections (IGl) in the
treatment of esophageal anastomotic strictures. On
average, patients required 2.1 injections, and the number
of dilations decreased from 5.2 to 1.13 after steroid
administration [45]. Gandhi et al. described a series of 12
patients, 5 of whom underwent correction of esophageal
atresia and received IGI in combination with dilation, which
resulted in long-term remission of symptoms. [21]. Two
retrospective studies have shown that intralesional steroid
injections for benign esophageal strictures in children are
more effective in short-segment lesions, reducing the
frequency of dilations and increasing the intervals between
them. No significant improvement was observed in long
strictures, indicating that the effectiveness of the method
depends on the length of the stricture [11,14].

Potential complications of esophageal steroid injections
include adrenal suppression, esophageal perforation,
intramural infection, candidal infection, mediastinitis, pleural
effusion, and growth retardation [45]. In addition, there is a
separate report of spontaneous rupture of the right aortic arch,
presumably associated with weakening of the arterial wall
under the influence of steroids [28]. Annefleur et al. report in a
meta-analysis that the overall incidence of adverse effects was
moderate at 7.1%, with most adverse effects being local in
nature and not requiring additional treatment (approximately
10%), while systemic complications were less common (0.7%)
and were associated with adrenal insufficiency, Cushing's
syndrome, or growth retardation [45]. Therefore, careful clinical
monitoring and assessment of growth curves in patients
receiving |Gl is necessary.

In conclusion, it should be noted that since studies
investigating the efficacy and safety of intralesional steroid
therapy are few, uncontrolled, and heterogeneous, it is difficult
to draw definitive conclusions about the benefit of steroids in
reducing recurrent stricture formation in patients with EA. The
guidelines for pediatric gastrointestinal endoscopy do not
recommend the routine use of intrafocal steroids for refractory
esophageal strictures in children [26,42]. Prospective,
comparative studies need to be conducted before intralesional
steroid injection is recognized as a safe and effective method.

Systemic therapy with glucocorticosteroids

Systemic GCS therapy is considered a possible
alternative treatment for refractory esophageal strictures in
cases where standard approaches, such as intralesional
steroid injections and dilation, prove ineffective. However,
the use of this technique in endoscopic dilation has been
described only in isolated clinical cases.

Hishiki et al. reported a patient with esophageal atresia
(EA) who developed refractory anastomotic stricture (AS),
requiring surgical resection of the stenosed segment followed
by anastomotic reconstruction. The secondary AS was

resistant to balloon dilation but regressed after two short
courses of infravenous dexamethasone (1 mg/kg) [24].

Morikawa et al. described the use of high doses of
methylprednisolone in a patient with refractory AS who was
scheduled for surgery. The patient underwent a stepwise
dose reduction regimen: methylprednisolone  was
administered intravenously (25, 15, 10, 5, and 2 mg/kg daily
for 4 days each) after balloon dilatation with intrafocal
steroid injection, and then sequentially replaced with oral
prednisolone (2, 1, and 0.5 mg/kg daily for 1 week each).
As a result of this therapy, the AS finally regressed [36].

Yokota et al. investigated the efficacy of intravenous
pulse therapy with steroids after balloon dilatation for the
prevention of restenosis. In their study, none of the patients
experienced serious side effects such as adrenal
insufficiency, gastrointestinal ulcers, or severe infections,
indicating the relative safety of short-term use of systemic
GCS [52].

To date, the use of systemic GCS in refractory AS remains
limited, as this strategy requires careful assessment of potential
risks. The literature reports cases of adrenal suppression even
with local administration of steroids, especially in the context of
AS treatment after BP correction. In this regard, dynamic
monitoring of patients receiving steroid therapy s
recommended, with monitoring of adrenal function and
replacement therapy if necessary [5].

Mitomycin C

Mitomycin C (MMC) is an antibiotic isolated in 1958
from Streptomyces caespitosus. In additon to its
antimicrobial and well-known antineoplastic properties, it
has antiproliferative effects, reducing collagen synthesis
and scar formation [6]. In this regard, MMC has been
proposed as an additional method for treating esophageal
strictures.

The method of MMC administration is an important
aspect that requires special attention. The drug should act
strictly on the stenotic segment without having a potentially
dangerous effect on the surrounding healthy mucous
membrane. The most common method is the local
application of MMC solution using a cotton swab under
endoscopic control [42]. To protect the mucosa from contact
with the drug, methods using tubes, caps, and ligators for
varicose veins of the esophagus have been described. The
use of a microporous polytetrafluoroethylene catheter
balloon with drug elution, inserted through the stricture
under fluoroscopic control, has also been proposed [23].
Alternative methods include direct instillation[55] and MMC
injections into the walls of the stenosis after its dilation [56].

MMC is usually prepared immediately before use.
According to a recent systematic review, the concentration
of the drug ranged from 0.1 to 1 mg/ml, the volume was 1-3
ml, and the number of procedures ranged from 1 to 12, with
a median of 1-2 applications. When re-administered, the
intervals between procedures ranged from 1 week to 13
months, with a median of 4 weeks [39]. A concentration of
0.4 mg/ml is the most commonly used [8]. However, recent
studies have not revealed any significant differences in the
effectiveness of MMC depending on the method of
application or concentration [29].

The efficacy of MMC in anastomotic strictures remains
a subject of debate. One study reported a 71% efficacy rate
in patients with esophageal atresia (mainly type C), where
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success was defined as a reduction in the frequency of
endoscopic dilations after administration of the drug [29].
Another study showed that injectable MMC after at least
two dilations in patients with recurrent stenosis was highly
effective. Factors that increased the success of therapy
were short and single stenosis, as well as Esophageal
atresia (EA) type C [12]. At the same time, Divarci et al. did
not find any effect of stricture length on the effectiveness of
MMC [15].

Similarly, based on a study involving 31 patients
reported in 11 publications (clinical cases and small series
of patients), the authors concluded that MMC was effective
(defined as clinical improvement) in 68% of patients [6]. An
analysis of 24 studies involving both children and adult
patients showed that a complete response was achieved in
73% of patients receiving MMC as treatment for refractory
strictures of the gastrointestinal tract [39].

Mitomycin C has demonstrated its effectiveness in
several prospective studies on post-burn strictures. In a
double-blind RCT, El-Asmar et al. showed that 80% of
patients with short caustic esophageal strictures
experienced complete resolution of strictures, compared
with 35% in the placebo group [16]. In a similar study of
long caustic strictures, the efficacy reached 85.7% when
using 0.5 mg/ml MMC [17].

However, a number of studies have shown low efficacy
of MMS. Chapuy et al. compared the use of MMS with
repeated dilations in patients with severe forms of EA types
A and C. Stricture resolution was observed in 73% of
patients after 1.9 sessions with MMS, while in the group
without MMC, successful treatment was achieved in 90% of
children after 3 balloon dilations [12].

Zimmer et al. report a 55% success rate, where the length
of the stricture ranged from 2 to 8 mm and successful treatment
was defined as endoscopic resolution of the stricture, whereas
in many studies the clinical dysphagia score was used. The
authors determined that the response rate to mitomycin C was
60% in patients with stenosis less than 4 mm and 50% in
children with stenosis greater than 4 mm [32]. Rosseneu et al.
obtained similar results [55]. In addition, a systematic review
and meta-analysis of the efficacy of MMC in post-bumn
strictures did not reveal statistically significant differences in the
total number of dilations between groups with and without the
use of the drug [18].

The most dangerous systemic side effects of MMC are
changes in heart rate or blood pressure, allergic reactions,
and bone marrow suppression[27]. Among local
complications, there is an increased risk of iatrogenic
perforation. Chapuy et al. suggested that in their study, the
appearance of reflux could be associated with subclinical
perforation caused by MMC [12]. In another study by this
group, perforation was recorded during the procedure,
which was treated conservatively [12].

Another complication of MMC injection is the formation
of peptic ulcers [22], which makes local application more
preferable. However, Wishahy et al. did not record ulcer
formation in their study [47].

Since mitomycin C is a cytostatic drug, one of the
potential side effects may be dysplasia of healthy tissues
after accidental exposure during application. This risk is
expected to increase, especially with repeated use. Cases
of de novo gastric metaplasia in the anastomosis area after

local application of mitomycin C have been reported. Ley et
al. found one case of gastric metaplasia in a child with
caustic stenosis, but were unable to determine its exact
cause - whether it was caused by mitomycin C,
cauterization, or dilations [29]. Dysplastic lesions of the
upper gastrointestinal tract have not been described in the
literature, but the limited number of observations requires
long-term endoscopic monitoring with biopsy.

Although the data obtained in the pediatric population
are promising, large randomized clinical trials (RCTs) are
needed before the administration of mitomycin C becomes
the standard of care for children with benign recurrent
esophageal stricture.

Endoscopic incisional therapy (EIT)

Endoscopic incisional therapy (EIT) is used for
congenital strictures, strictures that have developed as a
result of chemical burns, and postoperative complications
following correction of esophageal atresia. The method is
based on the understanding that many strictures, especially
anastomotic ones, have an asymmetrical structure with
areas of varying degrees of scar tissue thickness. While
balloon dilation can lead to rupture in areas with thinner
scar tissue, EIT allows selective treatment of denser fibrous
areas, which increases the effectiveness of treatment [50].

The procedure is performed using an electrosurgical
needle knife and involves a series of radial incisions parallel
to the longitudinal axis of the esophagus in the area of the
stricture, followed by endoscopic balloon dilation. All stages
of the procedure are performed under direct endoscopic
visualization. This method is considered to be most
effective for strictures less than 1 cm in length [33].

Tan Y. et al. reported a case of successful treatment of
refractory esophageal stricture using a combination of
endoscopic incisional therapy (EIT) and esophageal stenting. In
a recent retrospective study involving seven pediatric patients,
sustained clinical improvement in dysphagia symptoms was
observed in 71.4% (5 out of 7) during a follow-up period
ranging from 1 to 21 months. Based on the hypothesis that
longer strictures are associated with a higher risk of recurrence,
three patients with strictures exceeding 1.5cm received
additional esophageal stenting as part of their management
strategy [43].

Manfredi et al. reported favorable outcomes following
endoscopic incisional therapy (EIT) in a cohort of 42
patients, including 40 with anastomotic strictures. Treatment
effectiveness was observed in 78% (32 out of 41 cases) at
6 months and 64.5% (20 out of 31 cases) at 12 months
post-intervention. Procedural success was defined as
requiring no more than five dilations within six months
following EIT, while long-term success was defined as
needing no more than six dilations within 12 months. The
overall incidence of esophageal perforation associated with
the procedure was 4.4% [33].

In another study involving 58 patients, EIT achieved
stricture resolution in 76% of patients during 2 years of
follow-up. In the subgroup of patients with refractory
strictures, the efficacy of the method was 61%, and the
incidence of perforations was 2.3% [34].

In a study by Yasuda et al, the incidence of
perforations during balloon dilation without EIT in patients
with congenital esophageal stenosis was 2.5% (3/118
endoscopies), while the incidence of perforations during
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endoscopic interventions involving EIT reached 29% (17/58
endoscopies). As expected, the risk of complications was
significantly higher in procedures involving EIT [51].

Although the complication rate remains low, its
significance requires special attention. It is necessary for
the endoscopist to be prepared to repair esophageal
perforation using appropriate endoscopic techniques (e.g.,
EVAC or stenting) and to have experience in surgical
correction of complications.

Esophageal stenting

Esophageal stenting relies on the same fundamental
principle as balloon dilation - applying continuous
circumferential radial pressure to mechanically widen the
esophageal lumen [28]. Early reports described the use of
silicone tubes [13] and polytetrafluoroethylene (PTFE)
stents [4,37], which were externally fixed via the nasal passage
to maintain positioning. More recent studies have focused on
the use of self-expanding stents, which can be placed either
endoscopically or under fluoroscopic guidance. Various types
of self-expanding stents have been employed in pediatric
patients, including plastic [9], metallic [53] and biodegradable
stents [46], depending on the specific clinical context and
stricture characteristics.

Self-expanding metal stents (SEMS) are cylindrical mesh
devices composed of woven, knitted, or laser-cut metallic
structures, typically made of nitinol, an alloy of nickel and
fitanium. These stents are designed to self-expand to a
predetermined diameter. To minimize tissue ingrowth through
the stent mesh, SEMS may be fully or partially covered with a
plastic or silicone membrane [1]. Self-expanding plastic stents
(SEPS) consist of a woven polyester framework entirely
encased in a silicone membrane. Radiopaque markers located
at both ends and the midsection allow for precise fluoroscopic
guidance during placement [1]. Biodegradable stents (BDS) are
constructed from biodegradable polymers that gradually
dissolve in vivo, thereby eliminating the need for endoscopic
removal. These stents typically retain their structural integrity
and radial force for approximately 6 weeks, with complete
degradation occurring within 11 to 12 weeks post-implantation
[2]. While all three stent types etallic, plastic, and
biodegradable - have been utilized in the management of
refractory benign esophageal strictures in adults, only SEPS
are currently approved for use in children [41]. Pediatric data on
esophageal stenting remain limited and heterogeneous, with
reported clinical success rates ranging from 26% to 86%
depending on patient selection and procedural technique
[7,9,19,35]. Data on stenting specifically in children with
esophageal atresia (EA) are even more scarce. Manfredi et al.
reported outcomes in 23 pediatric patients with EA who
underwent 40 esophageal stenting procedures. The reported
success rates were 39% at =230 days and 26% at =90 days
following stent removal. Both bare metal stents (used in 14
patients) and fully covered stents (used in 26 patients) were
included in the analysis. The mean duration of stent placement
was 9.7 days, with a range from 2 to 30 days [35].

In conclusion, esophageal stenting represents a
promising therapeutic option for the management of
recurrent and refractory anastomotic strictures. Its main
advantages include prolonged maintenance of luminal
patency and improved oral intake. However, stent tolerance
may be suboptimal in pediatric patients, and complications
such as stent migration and other adverse events may

occur. The long-term efficacy and safety of esophageal
stenting in children require further confirmation through
prospective clinical studies.

Magnetic recanalization

Magnetic recanalization and magnetic compression
anastomosis (MCA) are emerging techniques for the treatment
of refractory esophageal strictures in children. The first
successful pediatric case of magnetic recanalization for
esophageal stenosis was reported by Bulyhin et al. in 1993
[54]. These techniques utilize magnetic devices and magnetic
force to eliminate scar tissue at the site of the anastomosis
without injuring the muscular layer of the gastrointestinal
tract [31]. MCA involves positioning magnets on either side of
the stricture; once aligned, the magnetic attraction induces
localized ischemia, leading to necrosis and sloughing of the
fibrotic tissue, thereby re-establishing esophageal patency. Key
technical parameters include the orientation, strength, and
intermagnetic distance. Increasing the length of the cylindrical
magnet array proportionally enhances the magnetic flux density
and, consequently, the attractive force. An expert consensus
has been established to guide the clinical use of MCA,
addressing aspects such as patient selection, magnetic device
design, surgical approach, perioperative care, and prevention
of complications. Indications for magnetic recanalization include
short-segment esophageal stenosis - postoperative, congenital,
or caustic in origin - typically measuring less than 2 cm, though
limited use in 2-3cm lesions has been described.
Contraindications include the presence of a tracheoesophageal
fistula, esophageal perforation, stenotic segments longer than
4cm, and ectopic tracheal cartilage in cases of congenital
stenosis [30].

The literature describes cases of successful use of
magnetic compression stricturoplasty in children with
refractory strictures after repair of esophageal atresia. A
study by Woo et al. reports the successful treatment of two
patients with refractory strictures using neodymium
magnets. Additional interventions, such as balloon dilation
and stenting, were required after the procedure, but after 31
months, both patients had sustained esophageal patency
without dysphagia[48].

In conclusion, magnetic recanalization and MCA are
promising methods for treating refractory esophageal
strictures in children. Further research and accumulation of
clinical experience will allow this technology to be optimized
and its long-term effectiveness to be determined.
Knowledge of the fundamental principles of magnetism is
crucial for the successful application of magnets in surgery.

Cell therapy

In the search for more effective and less invasive treatment
strategies, cell therapy and tissue engineering—particularly
those involving somatic stem cells—have emerged as
promising areas of investigation. One actively explored
approach is the transplantation of cell sheets derived from
autologous oral mucosa. This technique is based on the
concept of cell sheet engineering, which enables the cultivation
and harvesting of intact cellular layers without the use of
proteolytic enzymes, thereby preserving the extracellular matrix
and facilitating seamless engraftment.

Previous clinical studies in adults with esophageal
squamous cell carcinoma have demonstrated the efficacy of
autologous oral mucosal cell sheet transplantation in
preventing post-procedural esophageal stenosis following
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extensive endoscopic submucosal dissection. These
findings provide a rationale for further investigation into the
application of this method in the pediatric population,
particularly in cases of refractory or recurrent esophageal
strictures [49].

The use of this method in children with refractory
postoperative anastomotic stenosis after correction of
esophageal atresia and stenosis was investigated in a
clinical trial. In one of the three patients, despite two
transplants, the effect was temporary and limited, which
ultimately led to the need for surgical resection of the
stenosis due to severe fibrosis and thickening of the
submucosal layer. The researchers suggest that the high
degree of scarring and the large number of previous
endoscopic balloon dilations (more than 100 procedures) in
this patient may have limited the effectiveness of the
therapy. However, in two other patients, cell sheet
transplantation was more successful: they did not require
endoscopic balloon dilation for at least 48 weeks, and one
of them for more than two years, allowing them to return to
a normal diet. These results confirm that cell sheet
transplantation can be effective in some cases of refractory
anastomotic stenosis [20].

Another emerging approach involves tissue engineering
using biocompatible scaffolds to reconstruct esophageal
defects. A systematic review and meta-analysis of
preclinical studies in animal models demonstrated that this
strategy holds significant promise for esophageal tissue
regeneration, although it remains associated with
considerable challenges [40]. The most commonly reported
postoperative complications in experimental models
included graft stenosis (46%), postoperative dysphagia
(15%), and anastomotic leakage (12%).

Various types of scaffolds have been investigated,
including non-absorbable materials (e.g., silicone or
collagen-based), absorbable polymers (e.g., polyglycolic
acid combined with collagen), and decellularized
extracellular matrices. Seeding these scaffolds with
mesenchymal stem cells (MSCs) appears particularly
promising, as MSCs possess multipotent differentiation
capacity and may support the regeneration of functional
esophageal tissue.

Despite their potential, critical limitations—such as graft
stenosis and the lack of peristaltic motility in bioengineered
esophageal segments—remain major obstacles and require
further investigation in preclinical settings before
transitioning to large-scale clinical trials. Nevertheless, a
clinical case report has described the successful use of a
decellularized extracellular matrix scaffold for treating
recurrent esophageal stricture in a child, suggesting
potential feasibility in select cases [10].

Overall, cell-based therapies and tissue engineering
approaches represent promising strategies for the treatment of
refractory esophageal anastomotic strictures. However, these
modalities require further refinement and the conduct of well-
designed prospective clinical trials to validate their long-term
efficacy and safety, as well as to establish the optimal
indications and treatment protocols for pediatric patients.

Discussion

The management of refractory anastomotic strictures
(AS) in children following esophageal atresia (EA) repair
often requires the application of various treatment

modalities. Although several adjunctive and experimental
techniques have been described, none has yet emerged as
a universal standard of care. The lack of controlled and
methodologically homogeneous studies makes it difficult to
draw definitive conclusions regarding the efficacy and
safety of most available interventions.

Further prospective, comparative studies with larger
patient cohorts and long-term follow-up are necessary to
identify optimal treatment strategies, establish objective
criteria for assessing clinical outcomes, and confirm the
safety of novel therapeutic approaches.
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