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The American Society for Gastrointestinal Endoscopy
(ASGE) Technology Committee provides reviews of exist-
ing, mew, or emerging endoscopic technologies that
bave an impact on the practice of GI endoscopy.
Evidence-based methods are used, with a MEDLINE liter-
ature search to identify pertinent clinical studies on the
topic. This is supplemented by accessing the "related arti-
cles" feature of PubMed and by scrutinizing pertinent ref-
erences cited by the identified studies. Controlled clinical
trials are emphasized, but in many cases data from ran-
domized controlled trials are lacking. In such cases, large
case series, preliminary clinical studies, and expert opin-
ions are used. Technical data are gathered from tradi-
tional and web-based publications, proprietary pub-
lications, and informal communications with pertinent
vendors. Technology Status Evaluation Reporils are
drafted by 1 or 2 members of the ASGE Technology Com-
mittee, reviewed and edited by the committee as a whole,
and approved by the Governing Board of the ASGE. When
cost assessment is indicated, the most recent coding data
and list prices at the time of publication are provided. For
this review, the MEDLINE database was searched through
April 2024 for relevant articles related to luminal GI stric-
tures by using key words such as “endoscopy” or “endo-
scopic” combined with “lumen,” “dilation,” and ‘stric-
ture.” Technology Status Evaluation Reports are scientific
reviews provided solely for educational and informa-
tional purposes. Technology Status Evaluation Reports
are not rules and should not be construed as establishing
a legal standard of care or as encouraging, advocating,
requiving, or discouraging any particular treatment or
payment for such treatment.

Luminal strictures can occur in any part of the GI tract
and can arise from benign and malignant causes. Stricture
dilation may be necessary when there is impaired passage
of luminal contents, a need for diagnosis at or beyond the
stricture, or a need to provide therapy beyond the stric-
ture. A variety of devices and techniques are available for
use in the GI lumen. This status evaluation report de-
scribes the accessories used to perform dilation of benign
luminal strictures and is an update of the report this com-
mittee published in 2013. Additionally, pharmacotherapeu-
tic developments to facilitate dilation or reduce the risk of
restenosis are also reviewed. The management of malig-
nant stricture is not included in the current report and is
discussed separately in other American Society for Gastro-
intestinal Endoscopy (ASGE) reports."

DILATORS FOR THE GI LUMEN

Dilation is accomplished by the application of expan-
sible forces against a luminal stenosis. Dilators used in GI
endoscopy can be organized into 2 categories: fixed-
diameter push-type dilators (bougienage or “bougie” dila-
tors) and radial-expanding balloon dilators. Fixed-
diameter push-type dilators exert radial forces and cause
a shearing effect that exerts longitudinal forces as they
are advanced through the stenosis.” Conversely, balloon di-
lators exert radial forces when expanded within a stenosis.

Bougie dilators
Bougie dilators are primarily used to treat esophageal
strictures and are available in various designs, calibers,
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and lengths (Table 1). They can be non-wire-guided or
wire-guided. Hurst and Maloney dilators (Diversatek
Healthcare, Milwaukee, Wisc, USA) are non-wire-guided
flexible rubber bougie dilators. They are radiopaque,
tungsten-filled bougies that mimic the weight and feel of
outdated mercury-filled bougies. They are blindly passed
with the patient in the upright position.”” Carefully
selected patients with recurrent esophageal strictures
may be instructed to use these devices for self-dilation.
However, this is rarely used now because of safety con-
cerns.” Maloney dilators have an elongated tapered tip,
whereas Hurst dilators have a blunt rounded tip.’

Several models of wire-guided bougie dilators are
commercially available.”"” Wire-guided bougie dilators
are flexible, tapered, polyvinyl chloride, latex-free cylindri-
cal solid tubes with a central channel to accommodate a
guidewire. Savary-Gilliard dilators (Cook Medical, Win-
ston-Salem, NC, USA), the most commonly used wire-
guided bougie dilator,” have a 20-cm-long tapered tip
and a radiopaque band to aid in fluoroscopic visualization
where the taper reaches the maximal diameter. American
Dilation System dilators (ConMed, Utica, NY, USA) and
SafeGuide dilators (Diversatek Healthcare, Milwaukee,
Wisc, USA) have a shorter tapered tip and a radiopaque
band throughout their length. Bougie dilators have
external markings indicating the distance from the tip
(American System and SafeGuide, ConMed) or the largest
diameter (Savary-Gilliard, Cook Medical). CleanGuide
(ConMed) is a new disposable wire-guided bougie dilator
with length measurements along the dilator’'s body to
help approximate the device’s position within the
esophagus.

Most bougie dilators are reusable, and operators should
refer to the manufacturer’s guidelines for reprocessing in-
structions. A recent large retrospective study demonstrated
an extremely low risk of infection transmission by bougie
dilators when following Massachusetts General Hospital
bougie dilator reprocessing guidelines.” Given the chal-
lenges with reprocessing and storing dilators with a
small-caliber guidewire channel, there is impetus for using
disposable dilators. Similarly, non-wire-guided bougienage
catheters, which have traditionally enjoyed a favorable cost
economy because of their ability to be reprocessed along-
side endoscopes, are experiencing reduction in their cost
savings because of the shortening of their lifespans in
our current climate of heightened reprocessing standards.

The lifespan of reusable bougie dilators, like the Savary-
Gilliard, is affected by the higher cleaning and sterilization
standards that are now required in medical facilities and in-
stitutions. These reusable devices are exposed to frequent
cycles of high temperatures and strong chemicals, making
them less durable and cost-effective compared with single-
use alternatives. In the push toward "green endoscopy,"
however, which focuses on reducing the environmental
impact of medical procedures, many are moving away
from single-use items like Savary dilators. However, switch-

TABLE 1. Esophageal bougie dilators

Size
Name and type of dilators (F)
Non-wire guided
Diversatek
Maloney (tapered) tip 16-60
Hurst (blunt) tip 16-60
Set of 23 Maloney dilators 16-60
Set of 10 Maloney dilators 36-54
Set of 23 Hurst dilators 16-60
Set of 10 Hurst dilators 36-54
M-Flex Blue Silicone Bougie
Maloney (tapered) tip 20-60
Hurst (blunt) tip 20-60
Set of 21 Maloney dilators 20-60
Set of 10 Maloney dilators 36-54
Set of 21 Hurst dilators 20-60
Set of 10 Hurst dilators 36-54
Wire guided
Diversatek

SafeGuide dilators 15, 18, 21, 24, 27, 30,
33, 36, 39, 42, 45, 48,

51, 54, 57, 60

Individual dilators

16-piece full set 15-60 dilators, storage case,
guidewire, cleaning brush,

25 cleaning adaptors

15, 21, 27, 33, 39, 42,
45 dilators, storage case,
guidewire, cleaning brush,

25 cleaning adaptors

7-piece mini set

Conmed
Individual 15, 18, 21, 24, 27, 30,
33, 36, 39, 42, 45,
48, 51, 54, 60
Set of 15 dilators 15-60
CleanGuide disposable 15-60
Cook Medical
Savary-Gilliard dilators
Standard set 15, 21, 24, 33
Set of 16 dilators 15-60
Long set 15, 21, 27, 33, 36, 42, 45
Set of 16 dilators 15-60

ing to reusable dilators is not straightforward. We still need
to ensure they can be appropriately reprocessed to prevent
infection with materials needing to withstand frequent
sterilization without breaking down too quickly."’

One possible solution could be the increased use of non-
guided dilators like Hurst and Maloney models, which do not
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rely on disposable guidewires and could help reduce waste.
It will take developing more durable materials for reusable
devices, establishing better cleaning protocols that do not
wear down the equipment as quickly, and conducting thor-
ough cost and environmental impact studies to compare
reusable and single-use devices. "’

Balloon dilators

Through-the-scope (TTS) radial-expanding balloon dila-
tors, available in various designs, lengths, and calibers from
multiple manufacturers, are used to treat stenoses at
different GI tract sites””™'"'* (Table 2). These dilators
are designed to facilitate direct visual control during dila-
tion and can be used with or without wire guidance. For
balloon dilators with wire guidance, one can use the guide-
wire provided by the manufacturer included in the balloon
dilator or exchange it with a different guidewire of provider
preference. These disposable dilators are made of low-
compliance inflatable thermoplastic polymers, ensuring
uniform and reproducible expansion to their prespecified
diameter at maximum inflation. Most balloons permit
sequential expansion to multiple diameters. Also, a large
assortment of wire-guided balloons are designed for dila-
tion under fluoroscopy without the need for endoscopy,
such as the Flex-EZ dilator (Hobbs Medical, Stafford
Springs, Conn, USA). Dilating balloons are expanded by
pressure injection of liquid (water or radiopaque contrast)
using a handheld accessory device (Table 3). The hydraulic
pressure of the balloon is monitored manometrically to
gauge the radial expansion force. Inflation with radiopaque
contrast enhances fluoroscopic assessment (Fig. 1).’%’(’

Achalasia balloon dilators

For pneumatic balloon dilation in achalasia patients,
large-diameter (30, 35, and 40 mm) polyethylene balloon
dilators with radiopaque markers are used'>'* (Table 4).
Pneumatic dilation balloons are wire-guided and dispos-
able and do not pass through the endoscope. Positioned
across the esophagogastric junction under fluoroscopic
guidance, their radiopaque markers aid visualization. The
balloons are insufflated with air, and the pressure is moni-
tored manometrically. Although designed for achalasia,
these balloons have also been used for off-label indications,
such as stenosis after gastric sleeve or fundoplica-
tion.”''>'° Available achalasia balloons are listed in
Table 4.

BougieCap

The BougieCap (Ovesco Endoscopy AG, Tiibingen, Ger-
many) is a new device with a single-use, transparent,
conical, hard plastic cap that can be mounted on the tip
of the endoscope and used for endoscopic treatment of
upper GI tract strictures.’” The cap is secured to the endo-
scope tip using circular tape to prevent displacement dur-
ing insertion or withdrawal. Two lateral openings in the cap
allow for air or CO; insufflation and water flushing and

aspiration. The central hole at the tip of the BougieCap
permits the insertion of a guidewire, if necessary. Equip-
ped with the cap, the endoscope serves as a mediator
for applied radial and longitudinal shear forces. The endo-
scope, with the cap attached, is inserted into the esoph-
agus, positioning the tip just above the stenosis. Carefully
sliding the endoscope through the stenosis with gentle ro-
tations under visual control enables stricture dilation.
When using the BougieCap with an ultrathin endoscope,
a stiffening guidewire may help prevent scope buckling
during insertion.

Direct visual control and tactile feedback while passing
the stenosis with the cap can help prevent overdilation,
which may lead to perforation.'”"” Because of the trans-
parent cap, real-time evaluation can be performed immedi-
ately after dilation. Moreover, because the device extends
only a short distance from the tip of the endoscope, it
may be advantageous for treating high cervical esophageal
strictures.'®"”

The BougieCap is available in sizes ranging from 7 to
18 mm, which come in 1 size per package, allowing the en-
doscopist to select the appropriate size during the initial
inspection of the stricture (Table 5). Sizes 7 to 10 mm
are attached to pediatric gastroscopes, whereas larger sizes
(11-18 mm) are mounted on standard adult gastroscopes.
Sequential bougienage can be performed by increasing
the device diameter as needed (Fig. 2).

Two prospective multicenter studies, each with 50 pa-
tients, demonstrated technical feasibility, clinical efficacy,
and safety when using the BougieCap for dilation in adults
with eosinophilic esophagitis and other benign causes of
esophageal stenosis.'”'® No significant adverse events
were reported; however, in 3 cases, slipping of the Bougie-
Cap resulted in the cap being lost in the stomach or hypo-
pharynx. Additional prospective studies are needed to
compare the BougieCap with conventional esophageal
dilation techniques directly and to assess long-term clinical
efficacy."”

EsoFLIP

EsoFLIP (Medtronic Inc, Shoreview, Minn, USA) is a
novel, commercially available esophageal dilator that is
similar to its diagnostic counterpart, EndoFLIP (Medtronic
Inc), that incorporates a high-resolution impedance
planimetry and volume-controlled distension to measure
several luminal parameters such as diameter, cross-
sectional area, compliance, and distensibility index and
provides a graphic illustration of the esophageal lumen
in real time.”*' Unlike EndoFLIP, EsoFLIP is integrated
into a rigid balloon, enabling therapeutic hydraulic dilation
of the lower esophageal sphincter in achalasia and dilation
of benign esophageal strictures caused by GERD, radiation,
or surgery.””** EsoFLIP is available in 2 sizes to facilitate
dilation up to a 30-mm diameter (ES-330) for achalasia or
up to a 20-mm diameter (ES-320) for benign esophageal
strictures. The fill volume of the balloon is adjustable,
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TABLE 2. Gl balloon dilators

Balloon Required Usable
length channel length
Name and type of dilator (cm) (mm) (ecm)
Cook Medical
Hercules balloon dilators
Non-wire-guided, esophageal: 8, 9, 10; 10, 11, 12; 12, 13.5, 15; 15, 16.5, 18; 18, 19, 20 8 28 180
Wire-guided, esophageal/pyloric/colonic: 8, 9, 10; 10, 11, 12; 12, 13.5, 15; 15, 16.5, 18; 18, 19, 20 5.5 2.8 240
Quantum through-the-scope balloon dilators, esophageal: 6, 8, 10, 12, 14, 16, 18, 20 ] 2.8 195
Eclipse balloon dilators, wire-guided, esophageal: 6, 8, 10, 12, 14, 16, 1 2.8 240
19 3.2 240
Boston Scientific
CRE balloon dilation catheters, fixed-wire (non-wire- guided), esophageal: 6 ,7, 8; 8, 9, 10; 10, 11, 12; 12, 8 2.8 180
13.5, 15; 15, 16.5, 18; 18, 19, 20
CRE balloon dilation catheters: wire-guided, esophageal/pyloric/biliary: 6, 7, 8; 8, 9, 10; 10, 11, 12; 12, 13.5, 8 2.8 180
15; 15, 16.5, 18; 18, 19, 20
CRE balloon dilation catheters: wire-guided esophageal/pyloric/colonic/biliary: 6, 7, 8; 8, 9, 10; 10, 11, 12; 55 2.8 240
12, 13.5, 15; 15, 16.5, 18 18,19,20
Maxforce esophageal balloon dilators: 6, 8, 10, 12, 14, 15, 16, 18 6 2.8 180
ConMed
Eliminator PET esophageal balloon dilator: 6,8,10,12,15,18,20 8 2.8 180
Hobbs Medical
Flex-Ez over-the-wire balloon dilators, esophageal/pyloric/colonic
8,10, 12 3 28 155
14, 16, 18, 20 3 3.7 165
6,8, 10 4 28 155
16, 20 4 37 165
8,10, 12, 14 8 37 155
16, 18, 20 8 37 165
Stylet wire balloon dilators, esophageal/pyloric/colonic
12,14 8 2.8 155
16, 18, 20 2.8 165
8,10, 12, 14 5.5 2.8 155
16, 18, 20 5.5 238 165
8,10, 12, 14 3 2.8 155
16, 18, 20 3 28 165
Olympus (Center Valley, Pa, USA)
EZDilate fixed wire
6.0, 7.0, 8.0 9 28 190
8.5, 9.5, 105 9 28 190
11.0, 12.0, 13.0 8 28 190
13.5, 145, 155 8 28 190
16.0, 17.0, 18.0 8 28 190
18.0, 19.0, 20.0 8 190
EZDilate wire guided
6.0, 7.0, 8.0 6.5 238 240
8.5,9.5, 105 6.5 238 240
11.0, 12.0, 13.0 5.5 238 240

(continued on the next page)
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TABLE 2. Continued

Balloon Required Usable
length channel length
Name and type of dilator (cm) (mm) (cm)
13.5, 145, 155 55 2.8 240
16.0, 17.0, 18.0 5.5 2.8 240
18.0, 19.0, 20.0 5.5 2.8 240

CRE, Controlled radial expansion.

TABLE 3. Common handheld inflation devices for balloon dilation
Boston Scientific (Marlborough, Mass, USA)

CRE SteriFlate Disposable Inflation Device

Alliance Il Integrated Inflation Device

Encore Inflator
Cook Medical

Quantum Inflation Device
ConMed

ConMed Balloon Inflation Device

Diagmed Healthcare (Thirsk, England)

Disposable Inflation Device

Merit Medical Inflation Devices (South Jordan, Utah, USA)

Blue Diamond with Digital Pressure Gauge
basixTOUCH
basixCOMPAK

Micro-Tech Endoscopy (Ann Arbor, Mich, USA)

The Micro-Tech Inflation Device

Olympus (Center Valley, Pa, USA)

Olympus EZDilate Inflation System

CRE, controlled radial expansion.

allowing dilation to smaller sizes by adjusting the fill vol-
ume and monitoring the real-time FLIP display. Contrary
to EndoFLIP, EsoFLIP does not come with a pressure
sensor; however, an external pressure sensor can be
attached to the EsoFLIP catheter with a 3-way valve, if
needed.”’ EsoFLIP can offer several potential advantages
over other balloon dilators: the potential to avoid fluoros-
copy, thereby reducing the risk of radiation; ability to dilate
over a more extensive range of diameters with only 1
balloon in a controlled manner; ability to objectively mea-
sure stricture size, and ability to assess the response to dila-
tion immediately after the procedure.””*'

Conversely, there are aspects of EsoFLIP that can poten-
tially complicate its use for esophageal dilation, such as the
inability of TTS catheter passage, requirement for an
external pressure monitor, an external guidewire that re-
quires removal before dilation, and time required to fill
and empty the dilator balloon.”” Displacement of the
balloon during dilation is a potential risk factor for esoph-
ageal perforation. Furthermore, the feasibility and safety of
EsoFLIP balloon dilation have been demonstrated only in

small studies, and larger studies with long-term follow-up
are essential to further evaluate its application and associ-
ated clinical outcomes.

Self-expandable stents

Self-expandable stents that are potentially removable
have been used to accomplish dilation of refractory benign
strictures. This is accomplished using their radial expansion
forces. A variety of covered self-expandable metal stents
(SEMSs) and self-expandable plastic stents are available as
well as some that are biodegradable, although biodegrad-
able stents are not available in the United States. Full ASGE
Technology Committee reviews of enteral stents™ and
lumen-apposing metal stents (LAMSs),”* including those
used primarily to accomplish dilation, are available.

Topical use of antifibrotic drugs

In refractory or recurrent benign esophageal strictures,
particularly peptic strictures, intralesional steroid injections
and oral steroids have been used for several years. Steroid in-
jections may also be considered in radiation-induced, caustic,
and anastomotic strictures. One prospective randomized,
double-blind study compared steroid (0.5 mL per quadrant
triamcinolone 40 mg/mL) with sham injection combined
with balloon dilation in patients with recurrent peptic esoph-
ageal strictures. This study found that the patients with intra-
lesional steroid injection required fewer dilations over 1 year
than those in the sham injection group.”” A systematic review
by Henskens et al*® comprising 341 patients with benign
esophageal strictures proposed an advantage of adding intra-
lesional steroid injections to dilation to decrease the need for
repeat dilation in the subgroups of peptic, radiation-induced,
and caustic strictures. However, the effect was less clear in the
case of anastomotic strictures. An emerging entity is the pre-
vention of stricture formation by injection of corticosteroids
or treatment with an oral corticosteroid viscous solution
immediately after EMR and endoscopic submucosal dissec-
tion (ESD) for esophageal lesions.”*"*" In a network meta-
analysis, Yang et al”” demonstrated a favorable outcome for
oral or intralesional administration of steroids after ESD
compared with placebo in reducing the rate of stenosis and
number of required dilation sessions.’” There is some evi-
dence for the use of oral steroids in the prevention of post-
ESD strictures but limited evidence for oral steroids in the
treatment of luminal strictures.”’
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Wire-Guided Fixed-Wire

Figure 1. GI balloon dilators. (Used with permission from Olympus.)

TABLE 4. Achalasia balloon dilators

Balloon Usable
length length
Name and type of balloon (cm) (cm)
Cook Medical
Inflated balloon diameter 8 75
30 mm, 16F catheter
Inflated balloon diameter 8 75

35 mm, 16F catheter

Boston Scientific

Rigiflex balloon, inflated 10 90
balloon diameter 30, 35,
40 mm; 14F catheter

Hobbs Medical

Inflated balloon diameter 30, 10 100
35, 40 mm; 16F catheter

As an alternative or supplement to steroid injections,
mitomycin C (MMC), a chemotherapy agent with antifi-
brotic properties, has been introduced in the last several
years.”” The use of MMC for treating refractory esophageal

TABLE 5. BougieCap dilators

Total Maximum Scope
Name and size length dilation diameter
of dilator (mm) diameter (F) (mm)
Ovesco BougieCap
7,8 19.5 24 54-5.9
9,10 22 30 54-5.9
11,12 17.5 36 9.4-9.9
13,14 30 42 9.4-9.9
15, 16 325 48 9.4-9.9
17,18 35 54 9.4-9.9

caustic strictures in children has been reported with favor-
able results in multiple case series and clinical trials.””*>*
Various techniques for the application of MMC have been
reported, including 1 common technique using 4-
quadrant injections of 0.4 mg/mL of MMC in aliquots of
0.5 mL.”>* A systemic review of MMC application in adults
and children (mostly children with caustic strictures)
demonstrated a complete response of 73% and a partial
response of 21% using this treatment.”” In another study
of 74 adult patients with either anastomotic or post-ESD
strictures, patients were divided into 3 groups: intralesional
MMC with dilation, intralesional dexamethasone with dila-
tion, or normal saline solution plus dilation. Patients
treated with both MMC and dexamethasone had better re-
sults than the control group. The dysphagia-free period
was 4.88 £ 1.66 months in the MMC group, 4.02 + 1.77
months in the dexamethasone group, and 2.41 + 1.26
months in the dilation group (P < .05). No significant dif-
ferences were found in the postoperative adverse events
among the 3 groups, demonstrating that both MMC and
dexamethasone were safe.”® More experience and well-
designed prospective, randomized trials are needed to
determine whether MMC or other antifibrotic agents offer
an advantage over continued dilation or intralesional ste-
roids for refractory esophageal strictures.””

Paclitaxel has also been shown to have antifibrotic prop-
erties. Low doses of paclitaxel can inhibit the proliferation
and migration of fibroblasts, making it suitable for local
application in the treatment of stenosis.”’ Paclitaxel-
coated balloons have been successfully used to treat
vascular stenosis and urethral strictures after dilation. A pi-
lot study evaluated paclitaxel-coated balloons in the man-
agement of benign esophageal stricture and reported
high technical success and no adverse events or stricture
recurrence.”” Further large-scale trials with a well-defined
control group are necessary to definitively establish the
long-term safety and efficacy of this approach.

Another novel approach is the use of topical agents
such as PuraStat (3-D Matrix Medical Technology, Newton,
Mass, USA), a self-assembling peptide that is hypothesized
to act as a biological wound dressing, thereby protecting
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Figure 2. BougieCap (Ovesco Endoscopy AG) dilator. (Image adapted
from Lafeuille et al''* with permission.)

the esophageal wound from luminal stress and reducing
inflammation and fibrosis. Recent studies demonstrated
the safety and ease of application,””*”*” but future long-
term studies are needed comparing with other
approaches.

TECHNIQUE

Dilation can be performed with and without endo-
scopic, fluoroscopic, and/or wire guidance. The choice of
the dilator is determined largely by endoscopist preference
and the clinical scenario. Dilator diameters are measured in
millimeters or French gauge. Size in millimeters can be
converted to French gauge at a ratio of 1:3 (eg,
15 mm = 45F). Choosing the correct dilator size for safe
and efficient dilation is crucial. Techniques may need to
be modified for complex strictures (eg, length >2 cm,
lumen diameter <12 mm, tortuous lumen) and/or specific
disease states and locations in the GI tract. Wire-guided
bougie dilators (Savary and American dilators) are passed
over a guidewire after initial endoscopic guidewire place-
ment and subsequent endoscope removal. Non-wire-

guided bougies (Hurst and Maloney) are passed blindly
into the esophagus. In the presence of large hiatal hernias
or complex strictures, the risk of perforation may be
greater with these dilators.

Balloon dilators can be inserted into the GI tract with or
without wire guidance. They are inflated using a handheld
inflation device with liquid (eg, water and/or contrast). TTS
wire-guided balloon dilators are passed through the endo-
scope accessory channel over a previously inserted guide-
wire. The balloon is positioned at the site of the narrowing
and inflated while under direct endoscopic observation.
Similarly, non—wire-guided balloons are advanced across
the stricture using endoscopic visualization alone (Fig. 3).
The ideal duration for balloon inflation remains unknown.
Although it is usually performed for 30 to 60 seconds, 1
study demonstrated that the balloon inflation time of 10
seconds was as effective as 2 minutes when dilating benign
esophageal strictures.”' Guidance on the choice of guide-
wire and contrast media are discussed separately in other
ASGE documents. "

The initial selection of a specific size of dilator is based
on an estimation of the diameter of the stenosis. The “rule
of 3” has been used to determine the dilation strategy to
manage a stricture with a bougie dilator during a single ses-
sion. This rule states that after moderate resistance is
encountered, no more than 3 dilators of progressively
increasing diameter should be passed in that session (no
more than 3 mm per session).”* Nonetheless, at least 2
large, multicenter, retrospective studies have shown that
noncompliance with the rule of 3 did not appear to in-
crease the risk of perforation or other adverse events after
esophageal dilation. ™" When dilating a symptomatic
Schatzki ring of the esophagus, passage of a single large-
diameter dilator (eg, 16-20 mm) has been advocated to
allow for disruption of the ring.””*® In very narrow stric-
tures that cannot accommodate an adult gastroscope
(external diameter typically ranging between 8 and
10 mm), the initial dilation should be restricted to 10- to
12-mm diameter. This limit should be no more than
9 mm for extremely tight or filiform strictures.

Modifications to standard dilation are sometimes used,
especially in the case of refractory benign strictures. These
include the injection of steroids immediately before or after
dilation or other antifibrotic agent (as discussed above) using
a sclerotherapy needle to reduce the risk of stricture recur-
rence.””*”>" MMC, a drug demonstrated to be effective for
this indication, is an antineoplastic drug and requires special
handling.” Disruption of strictures (eg, esophageal webs,
Schatzki rings) may be needed for refractory stricture using bi-
opsy forceps or needle-knife electrocautery, either as the sole
treatment or in conjunction with dilation.”">* Electroincision
therapy using a needle-knife—type accessories can also be per-
formed for anastomotic and inflammatory bowel disease—
related strictures in the small bowel to supplement the dila-
tion, especially for refractory strictures.”*””
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Figure 4. Lumen-apposing metal stent placed across a gastrojejunal anastomotic stricture and anchored with a stent fix clip to prevent stent migration.

Do’s and don’ts for stricture dilation

e Perform a comprehensive preprocedure assessment of
the stricture, including the location, length, diameter,
and etiology characterization, using a combination of
endoscopy and imaging.

e Obtain biopsy samples to rule out the presence of ma-
lignancy before dilation.

e Supplement with medical management, such as antire-
flux therapy for peptic strictures.

e Consider using fluoroscopy guidance for complex stric-
tures, especially those with angulation, long, or very nar-
row lumens.

e Wire-guided and endoscopic-guided dilators enhance
safety and precision.

e Perform graded dilation with progressively larger dila-
tors and avoid overdilating the strictures.

e Consider appropriate postprocedure monitoring and
patient education on dietary modifications.

e Refractory strictures may benefit from alternative thera-
pies, including stent placement or surgery.

OUTCOMES AND COMPARATIVE DATA

Esophagus

Long-lasting GERD is the most common cause of benign
esophageal strictures.”® Benign esophageal strictures are
categorized as simple or complex depending on their diam-
eter, length, location, and etiology.”””” Simple esophageal
strictures are short (<2 cm), straight, with a larger diameter

allowing passage of a standard endoscope. Uncontrolled
acid reflux, Schatzki rings, or webs usually cause these stric-
tures. They are amenable to the standard endoscopic dila-
tion techniques; however, recurrence of stenosis has been
reported in up to 30% to 40% of patients.”™>® Complex stric-
tures are long (>2 cm), tortuous, or associated with a small
lumen that impedes passage of a standard endoscope.
They are usually caused by caustic ingestion, radiation injury,
anastomotic strictures, or endoscopic resection or ablation
(eg, EMR, ESD, or radiofrequency ablation).””"”” Treatment
is more challenging in these strictures because they are asso-
ciated with a higher tendency to become refractory, recur
more frequently, and with a higher risk of adverse events.”

Endoscopic dilation is the treatment of choice for pa-
tients with benign esophageal strictures. For patients
with simple stenosis, 1 to 3 sessions of esophageal dilation
combined with acid suppression are the mainstay of treat-
ment, leading to significant improvement in dysphagia
symptoms. On the contrary, for complex strictures and pa-
tients with caustic or anastomotic strictures, the number of
sessions required to obtain the desired clinical outcome is
usually >4.%'° Guidewire-directed bougie dilators and TTS
balloon dilators are the 2 most common types of dila-
tors.”” In 2018, Josino et al’ published a systematic review
and meta-analysis of 5 randomized clinical trials involving
461 patients with various benign esophageal stricture etiol-
ogies (including peptic, caustic, Schatzki ring, postradia-
tion, and postanastomotic) treated with either bougie or
balloon dilation. The study reported no significant differ-
ences between these methods regarding symptomatic
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relief, 1-year recurrence, bleeding, and perforation rates.
Patients who underwent balloon dilation reported experi-
encing less-severe postprocedure pain compared with
the bougie dilation group.” "’

Cricopharyngeal bar. The narrowing of the pharyng-
oesophageal segment characterizes the cricopharyngeal bar.
It can result from restricted opening, hypertensive quality,
abnormal relaxation, or abnormal coordination of the crico-
pharyngeal muscle (cricopharyngeal achalasia). Additionally,
it could be secondary to neurogenic, myopathic, or neoplastic
etiologies. Three known treatment options for cricopharyng-
eal achalasia are botulinum toxin injection, dilation, or myot-
omy. Dilation may be performed with wire-guided bougie
dilators or balloon dilators. Because of the heterogeneity of
etiologies and treatments of cricopharyngeal achalasia,
several systemic reviews have been inconclusive in assessing
the superiority of 1 treatment over another.”**

Schatzki ring. Symptomatic Schatzki ring is treated by
achieving rupture of the ring; therefore, larger-caliber dila-
tors may be needed.”"” A single dilation to 16 to 20 mm
has proven to be very effective.”” Biopsy disruption of
the ring using jumbo forceps was shown to be effective
and safe in complete obliteration of the ring and resolution
of dysphagia symptoms in a small study of 10 patients with
dysphagia. " Electrosurgical incision therapy of the ring has
been reported to be at least as effective as a single large-
caliber bougie dilation in relieving dysphagia due to
Schatzki ring in several randomized trials. Moreover, elec-
trosurgical incision therapy was associated with a longer
remission of dysphagia compared with bougienage.™ """
Long-term proton pump inhibitor therapy (omeprazole
20 mg/day) significantly reduces the risk of relapse
compared with placebo at up to 4 years of follow-up,”
perhaps because of the association of Schatzki ring with
gastroesophageal reflux and eosinophilic esophagitis.
Dysphagia due to Schatzki ring was relieved by proton
pump inhibitor therapy without any further intervention
in a small retrospective case series.””

Anastomotic strictures. The best treatment approach
for surgical anastomotic strictures in the GI tract involves
endoscopic interventions as the first-line therapy. Endo-
scopic balloon dilation and electrosurgical incision therapy
are commonly used techniques. Electrosurgical incision
therapy has demonstrated efficacy and may be a reason-
able alternative to standard dilation techniques for short
anastomotic strictures (<1 cm). A randomized trial
compared electrocautery incision with Savary bougienage
to relieve anastomotic gastroesophageal strictures in 62 pa-
tients. No significant difference in clinical success or
adverse event rate was seen between the 2 groups.”” In a
nonrandomized retrospective cohort study, Muto et al”®
compared the efficacy of radial incision and cutting with
repeated endoscopic balloon dilation in 54 patients with
refractory esophageal anastomotic strictures and found
no difference in the short-term efficacy or serious adverse
events; however, the 6-month and 12-month patency rates

were significantly higher for the radial incision and cutting
group. For refractory cases where endoscopic methods fail,
surgical options such as redo-anastomosis or stricturo-
plasty may be considered.

Eosinophilic esophagitis. Esophageal dilation is a
safe and effective treatment for eosinophilic esophagitis
when combined with other forms of chronic disease modi-
fication, such as diet, topical steroids, or other medica-
tions.” "' A 2017 systematic review and meta-analysis
concluded that dilation with a balloon or bougie dilator
has similar safety and efficacy profiles for managing stric-
tures or narrow-caliber esophagus in patients with eosino-
philic esophagitis.'' At least 1 small pilot and retrospective
study demonstrated the feasibility and safety of using Eso-
FLIP for esophageal stricture dilation in patients with
eosinophilic esophagitis.”' Future prospective interven-
tional studies comparing dilation and medical treatments
are essential to establish the optimal treatment plan for
these patients.

Refractory benign esophageal strictures. Despite
the lack of randomized trials comparing stent placement
with other dilation methods for benign esophageal stric-
tures, it is generally accepted that esophageal stent place-
ment is a reasonable rescue strategy for patients with
refractory or recurrent benign esophageal strictures.”’ "’
Available data on the clinical success of stent placement do
not identify any significant advantage favoring 1 specific
stent over another. Fuccio et al ® reviewed 18 studies (total
of 444 patients), and the pooled clinical success rate was
40.5% (95% CI, 31.5-49.5). In this systematic review and
meta-analysis, treatment with self-expandable plastic stents
and SEMSs did not have significantly higher success rates
than treatment with biodegradable stents (46.2% vs 40.1%
vs 32.9%, respectively). The adverse event rate was 20.6%
(95% CI, 15.3-28.1), with no significant difference between
stent types (19.4% vs 21.9% vs 21.9%, respectively).

The most recent guidelines from the European Society of
Gastrointestinal Endoscopy suggest considering temporary
placement (6-12 weeks) using fully covered SEMSs (FCS-
EMSs) for refractory benign esophageal strictures, mainly
because of their very low risk of embedment and ease of
removability.””” The LAMS, a distinct type of SEMS, was de-
signed for drainage of pancreatic fluid collections but has
more recently been used as an off-label treatment for GI
luminal stenosis, including benign esophageal strictures.””
A systematic review reported a clinical success rate of 63%
(95% CI, 0.365-0.914) for LAMS placement in benign esoph-
agogastric strictures with an adverse event rate of 27.9%
(95% CI, 0.101-0.458).”"

Achalasia. Pneumatic balloon dilation of the lower
esophageal sphincter with a large diameter (>30 mm)
wire-guided balloon is an accepted therapy for the treat-
ment of achalasia, along with laparoscopic Heller myotomy
and peroral endoscopic myotomy.”" Dilation with 30-mm,
35-mm, and 40-mm balloon diameters has been shown
to result in good to excellent symptom relief in 74%,
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86%, and 90% of patients, respectively, with an average
follow-up of 1.6 years (range, 0.1-6).%* A recently published
randomized controlled trial by the same European group
demonstrated that pneumatic balloon dilation and laparo-
scopic Heller myotomy were equivalently effective after
10 years of follow-up without significant risk of developing
gastroesophageal reflux.”> One small single-center study of
28 treatment-naive achalasia patients demonstrated good
efficacy and safety of hydraulic dilation performed with
EsoFLIP during a short-term follow-up. The maximum dila-
tion diameter was 25 mm. Significant reductions in Eckardt
scores and barium column height were reported at 1 to 4
weeks after the intervention.””

Stomach and small bowel

Benign strictures of the gastric outlet and proximal small
bowel are caused mainly by inflammation (eg, peptic ulcer
disease, nonsteroidal anti-inflammatory drug-induced
stricture), postsurgical changes, or pancreaticobiliary dis-
ease (eg, chronic pancreatitis, pseudocysts, walled-off
pancreatic necrosis). These structures are typically treated
by using TTS balloon dilators given their proximal location.
As described above, SEMSs or LAMSs can be used in the
treatment of gastric outlet or duodenal strictures with or
without the use of an anchoring mechanism (Fig. 4).****
Mid to distal small-bowel strictures are typically secondary
to Crohn’s disease. Because they are typically inaccessible
to standard endoscopes, they have been accessed using
single-balloon or double-balloon enteroscopy with success-
ful stricture dilation using TTS balloons.

Gastric outlet obstruction. Endoscopic balloon dila-
tion is typically the first-line treatment for patients with
benign gastric outlet obstruction (GOO), whereas surgery
is reserved for “salvage” therapy if endoscopic interven-
tions fail or lead to severe adverse events such as perfora-
tion." Guidelines for the endoscopic management of GOO
from the ASGE in 2021 concluded that insufficient evi-
dence exists to support endoscopic or surgical manage-
ment for mixed varieties of benign GOO. Patients with
benign GOO secondary to long strictures (>3 cm), caustic
ingestion, and chronic pancreatitis are more likely to fail
endoscopic balloon dilation and need surgery.' Surgical py-
loroplasty and laparoscopic gastrojejunostomy are more
established surgical treatment options because of their
lower morbidity and mortality risk compared with other
surgical techniques.”*

Crohn’s disease. Crohn’s disease—related fibrotic
strictures that are symptomatic should be treated, ideally
after optimization of medical therapy. Endoscopic balloon
dilation is an efficacious treatment in these patients. Small-
bowel strictures beyond the reach of conventional endo-
scopes dictate the use of balloon-assisted enteroscopy.™
Endoscopic intervention can be challenging and is associ-
ated with a high risk of adverse events when dilating in-
flamed and friable strictures, especially in the presence of
deep ulcers, fistulas, abscesses, or sinus tracts that can

. . . . . 86,87 .
OCcCur 1n conjuncton with strictures. 6,87 A systematic re-

view and meta-analysis of nonrandomized trials for endo-
scopic balloon dilation in the management of Crohn’s
disease included 2664 Crohn’s disease strictures in 1089
patients, most of which were anastomotic strictures. The
review reported a technical and clinical response rate of
92.6% and 70.2%, respectively. Overall, adverse event and
perforation rates were 6.4% and 3%, respectively. The cu-
mulative surgery rate at the 5-year follow-up was 75%.%°
Balloon dilation is more successful in strictures <4
cm.”” % Medical optimization such as withdrawal of offend-
ing agents (nonsteroidal anti-inflammatory drugs), smok-
ing cessation, and use of biologics plays a crucial role in
maintaining luminal patency after the intervention.”

FCSEMSs, used off-label, may work in cases of small-
bowel strictures refractory to endoscopic balloon dilation
or with an extended length. However, currently available ev-
idence does not support the use of stents as a first-line ther-
apy.” A multicenter, open-label, randomized trial compared
FCSEMSs with endoscopic balloon dilation to treat strictures
in Crohn’s disease (ProtDilat study).” Eighty percent of pa-
tients in the endoscopic balloon dilation group and 51% of
patients in the FCSEMS group were free of a new therapeutic
intervention at the 1-year follow-up (odds ratio, 3.9; 95% CI,
1.4-10.6; P = .0061). Only 1 patient in each group had severe
adverse events (perforation).”

Colon

Dilation of benign colorectal strictures of varying etiol-
ogies (eg, anastomotic, nonsteroidal anti-inflammatory
drug use, diverticulitis, radiation, and inflammatory bowel
disease) using balloon or bougie-type dilator has been
demonstrated to be effective in multiple uncontrolled se-
ries.”””” A prospective trial randomized 30 patients with
symptomatic benign postoperative anastomotic colorectal
strictures to dilation with either an 18-mm TTS balloon
dilator or an over-the-wire 35-mm pneumatic balloon
dilator designed for achalasia. Dilation was successful in
all patients, and no adverse events occurred in either
group. However, the over-the-wire group required fewer
sessions (1.6 vs 2.6, P = .009) and had a longer duration
of response (560.8 days vs 245.2 days, P = .016).”” SEMSs
and LAMSs have been used off-label to treat benign and
anastomotic strictures in the colon and are discussed sepa-
rately in other guidance documents.””'"”

SAFETY

All methods of GI dilation are intended to displace
the stenotic tissue. Hence, some disruption of mural el-
ements, including mucosal tears and minor bleeding, is
expected. Generally, endoscopic dilation is a safe and
effective treatment when performed by experienced
endoscopists.'""

The clinically significant adverse events of esophageal
stricture dilation include chest pain, bleeding, bacteremia,
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TABLE 6. Current Procedural Terminology codes and reimbursement for endoscopic dilation procedures, 2023 Medicare National Average

Payment
Hospital outpatient Ambulatory surgery center payment Professional fee
payment* (2023 averages)* (facility)*
Codes Description (U.S.$) (U.S.9) (U.S.9)
43220 Esophageal endoscopy, dilation balloon 1742 752 118
(<30 mm)
43226 Esophageal endoscopy, dilation over guidewire 1742 752 130
43248 EGD, dilation guidewire 826 430 165
43249 EGD, balloon dilation of the esophagus 1742 752 153
(<30 mm)
43233 Dilation of the esophagus with a balloon 1742 752 227
>30 mm for achalasia
43245 EGD with dilation of gastric outlet obstruction, 1742 752 175
any method
45340 Flexible sigmoidoscopy, balloon dilation 1083 564 78
stricture
45386 Colonoscopy, balloon dilation 1083 564 210
45303 Proctosigmoidoscopy, dilation any method 1083 564 86
44381 lleoscopy though stoma, with transendoscopic 1742 752 85

balloon dilation

Source: https://www.cms.gov/medicare/physician-fee-schedule/search.
*These values could vary due to different insurance contracts and/or regions.

and perforation.”'”* The type of stricture and degree of
dilation performed may influence the risk of adverse
events. Perforation is the most clinically significant adverse
event of stricture dilation and has been reported in 0.1% to
0.6% of esophageal stricture dilations.”’ Perforation occurs
because of transmural disruption or the creation of a false
tract.'”” Transmural disruption may occur when axial or
radial forces exceed the structural integrity limits of the
wall. A false tract occurs when the dilator directly or
partially penetrates and damages the integrity of the
wall.” Factors associated with an increased risk of esopha-
geal perforation are narrow or angulated strictures, severe
esophagitis, large hiatal hernia, esophageal diverticula,
caustic or radiation strictures, prior esophageal perfora-
tion, and inexperienced operator.””'"*

Endoscopic dilation in patients with eosinophilic esophagi-
tis is not associated with a higher risk of adverse events such as
perforation compared with other causes of esophageal stric-
ture.”"" No significant difference in perforation (and other
adverse events) rates with bougie versus balloon dilators has
been reported.”” However, a retrospective analysis reported
an increased risk of perforation associated with the blind pas-
sage of Maloney dilators versus Savary-Gilliard and balloon di-
lators in patients with complex esophageal strictures.'””
Guidewire use may reduce this risk of perforation.*

Although transient bacteremia has been reported in up to
23% of cases, current ASGE guidelines do not recommend
routine prophylactic antibiotics at the time of endoscopic dila-
tion.'”” Although intraprocedural oozing may be seen in a large
portion of cases after endoscopic dilation, clinically significant
bleeding has been reported in less than 0.5% of endoscopic

dilations.””'" Electrosurgical incision therapy for esophageal

strictures has been associated with a risk of perforation in up
to 3.5% of the cases, probably because of the inability to esti-
mate the length of the stricture or the depth of the esophageal
wall during the incision.”""”

The risk of esophageal perforation with graded pneumatic
balloon dilation for achalasia has been stated as an overall me-
dian rate of 1.9% (range, 0-16) when performed by an experi-
enced endoscopist (>100 patients treated).”"'">'"” Every
patient undergoing pneumatic dilation must be aware of
the risk and possibility of necessary surgical intervention.
However, conservative therapy with antibiotics, parenteral
nutrition, and stent placement may be effective in cases
with small perforations.”’ In patients with GOO, multiple
studies have shown a favorable success rate using balloon di-
lators with a low adverse event rate. In 2018, Kochhar et al' "’
evaluated the data of 264 patients with benign GOO who un-
derwent endoscopic balloon dilation over a 20-year period.
Overall, clinical success was reported in 92%, and perforation
occurred in 3.4% of cases.' """

FINANCIAL CONSIDERATIONS

Reusable dilators offer cost benefits compared with
disposable devices, even after factoring in reprocessing ex-
penses. Additionally, expenses related to single-use and
reusable guidewires, contrast agents, manometry gauges,
inflation devices, and fluoroscopy are significant. However,
the costs associated with stents are much higher than
those of dilation catheters and balloons. Payment codes
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for dilation during endoscopy and reimbursement rates are
listed in Table 6.

AREAS FOR FUTURE RESEARCH

Previously published research has shown that dilating cath-
eters and balloons are safe and effective for treating strictures
across the GI tract. However, the optimal technique for treat-
ing refractory strictures needs to be clarified. Prospective
studies are needed to evaluate the role of drugs with antifi-
brotic properties to understand their efficacy in reducing
the risk of stricture recurrence after dilation. With the ad-
vancements in SEMSs, the introduction of LAMSs, and their
demonstration of efficacy even in the setting of refractory
benign luminal strictures, head-to-head comparisons be-
tween stents and dilation techniques are needed.

CONCLUSIONS

Fixed-diameter push-type dilators and radial expansion
balloon dilators are deemed safe, effective, and efficient
for treating benign strictures across the digestive tract.
Both approaches demonstrate similar efficacy and safety
profiles, although wire-guided balloon dilators are typically
necessary for areas beyond the esophagus. Newer technol-
ogies such as EsoFLIP, BougieCap, stent placement, and
electroincision therapy using a needle-knife have addi-
tional features to address the limitations of previously avail-
able dilators. More work is needed to evaluate the role of
antifibrotic drugs in preventing stricture recurrence. More-
over, further studies are required to determine the safety,
efficacy, and cost comparisons of different techniques and
tools in the management of GI luminal strictures.
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