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Abstract

Background Postoperative stricture and refractory stricture are severe adverse events which occur after expansive esophageal
endoscopic submucosal dissection (ESD). The aim of this study was to assess the efficacy of steroid injection, polyglycolic
acid (PGA) shielding, and of additional steroid injection thereafter for the prevention of refractory esophageal stricture.
Methods This is a retrospective cohort study of 816 consecutive cases of esophageal ESD performed between 2002 and
2021 at the University of Tokyo Hospital. After 2013, all patients with a diagnosis of superficial esophageal carcinoma
covering over 1/2 the esophageal circumference underwent preventive treatment immediately after ESD with either “PGA
shielding”, “steroid injection”, or “steroid injection + PGA shielding”. Additional steroid injection was performed for high-
risk patients after 2019.

Results The risk of refractory stricture was especially high in the cervical esophagus (OR 24.77, p=0.002) and after total
circumferential resection (OR 894.04, p <0.001). “Steroid injection + PGA shielding” was the only method significantly
effective in preventing stricture occurrence (OR 0.36; 95% CI 0.15-0.83, p=0.012). This method also decreased the risk
of refractory stricture (OR 0.38; 95% CI 0.10-1.28, p=0.096), but additional steroid injection was the only significantly
effective method for prevention of refractory stricture (OR 0.42; 95% CI 0.14-0.98, p =0.029).

Conclusion Combining steroid injection and PGA shielding is effective for preventing post-ESD stricture and refractory
stricture. Additional steroid injection is a viable option for patients at high-risk for refractory stricture.
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after endoscopic resection of over 3/4 the circumference
of the esophagus [1, 3], and more recently resection of the
cervical esophagus [4-6] and total circumferential resection
[6-10] have also been reported to be significant risk fac-
tors for postoperative stricture. While oral prednisolone [9,
11] and triamcinolone injection [10, 12, 13] were originally
introduced as methods effective in preventing stricture for
these high-risk cases, more recently limits in the safety and
efficacy of these methods have become apparent [14—17].
Even more problematically, postoperative stricture can
become refractory. Refractory strictures do not respond
swiftly to standard treatment by endoscopic balloon dila-
tion and may require months or years of treatment [7, 18].
Recent reports have suggested that refractory strictures
may be managed by radial incision cutting and/or repeated
endoscopic balloon dilation, but these procedures are
time-consuming, associated with risks of adverse events
such as perforation and hemorrhage [18, 19], and are not
always effective. In addition, initiation of steroid treatment
after the development of refractory strictures is not effec-
tive [20], and therefore identifying cases at high-risk for
refractory strictures and initiating prophylactic treatment
before development of refractory stricture would be an
ideal strategy. However, risk factors and effective methods
for the prevention of refractory stricture have yet to be
clarified. With an increasing number of patients undergo-
ing endoscopic resection for superficial esophageal carci-
noma, this is becoming an increasingly important topic.
Recently, there have been several reports which sug-
gest that combining steroid injection with PGA shielding
is effective for the prevention and alleviation of postop-
erative stricture [6, 21, 22]. In addition, while single-use
steroid injection has been reported to be effective for the
prevention of stricture [10, 12, 13], and repeated steroid
injection has been reported to augment the effects of endo-
scopic dilation [23], the prophylactic effect of repeated
steroid injection into the defect after esophageal ESD has
not yet been documented. The first objective of this study
was to demonstrate the efficacy of steroid injection, PGA
shielding, and the combination of these methods for the
prevention of postoperative and refractory stricture after

esophageal ESD. The second objective was to demonstrate
the efficacy of additional steroid injection thereafter.

Materials and methods

This is a single-center retrospective cohort study of all cases
of esophageal ESD performed at the University of Tokyo
between January 1, 2002 and December 31, 2021.

The study complied with the Declaration of Helsinki, and
was begun after approval by the Research Ethics Committee
of the Graduate School of Medicine and Faculty of Medi-
cine, The University of Tokyo.

Patients

From the electronic medical records at the University of
Tokyo Hospital, all cases of esophageal ESD performed
between January 1, 2002 and December 31, 2021 were iden-
tified. A total of 874 neoplasms in 816 consecutive cases
of esophageal ESD were extracted. After exclusion of (1)
ESD for lesions extending to surgical anastomosis after
esophagectomy, (2) cases lost to follow-up within 12 weeks
after ESD, (3) cases who underwent salvage surgery after
non-curative ESD, (4) cases who used systemic steroids for
other reasons, a total of 699 cases were included in analysis

(Fig. 1).
ESD procedure

ESD was performed according to standard ESD procedure
[24]. Under either procedural sedation or general anesthesia,
close observation of the targeted esophageal lesion(s) was
performed. The margin of the lesion was marked using a
cutting device of the endoscopists’ choice: either the Dual
Knife (KD-630L; Olympus Medical Systems, Co., Tokyo,
Japan), ITknife nano (KD-512L/U; Olympus Medical Sys-
tems, Co., Tokyo, Japan) or Splash M Knife (DN-D2718B;
Pentax Medical, Tokyo, Japan.). A single channel upper
gastrointestinal endoscope (GIF Q260J; Olympus Co.)
with a high frequency generator VIO 300D (ERBE Elek-
tromedizin GmbH, Tiibingen, Germany.) was used, and

Fig.1 Flowchart of cases ESD performed for squamous

cell esophageal cancer (2002.1-2021.12)

included in analysis

816 cases (874 lesions)

ESD of surgical anastomy: 1 case
Lost to follow-up: 56 case

Salvage surgery: 51 cases
Other steroid use: 8 cases

Underwent analysis

699 cases
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after submucosal injection of a two-fold diluted solution of
0.4% hyaluronic acid (Mucoup; Johnson and Johnson K.K.,
Tokyo, Japan.), incision and dissection of the lesion was
continued using the cutting device until completion of ESD.

Prevention of post-ESD stricture

All patients with a preoperative diagnosis of single or
multiple adjacent lesions of superficial esophageal cancer
covering over 1/2 the circumference of the esophagus and
would thereby cause a single post-ESD mucosal defect
of over 3/4 of the circumference of the esophagus were
defined as “patients at risk of stricture”. Due to lack of
public guidelines for prevention of post-ESD stricture,
various methods of prevention have been implemented at
the University of Tokyo over time (Table 1). Patients who
underwent ESD prior to July 2013 did not undergo treat-
ment for prevention of post-ESD stricture. After approval
by the Research Ethics Committee of the Graduate School
of Medicine and Faculty of Medicine, The University of
Tokyo, and trial registration, a single-arm study on the
efficacy of PGA shielding has been performed for patients
at risk of stricture after July 2013 [25], and combination
treatment of steroid injection and PGA shielding has
been performed after July 2014 [21]. After completion of
these studies, all patients at risk of stricture have under-
gone combination treatment of steroid injection and PGA
shielding until 2018, excluding 2 patients who underwent
PGA shielding only because they could not receive ster-
oid injection due to insufficient remaining submucosa.
As steroid injection has been established as an effective
method of prevention [10, 12, 13], and the added effect of
PGA shielding to steroid injection has not been clarified
in previous reports [6], steroid injection alone has also
become an option at our institute after 2019. While steroid
injection is technically easier and comes with less finan-
cial burden than PGA shielding, in cases with insufficient
remaining submucosa after ESD, steroid injection alone

Table 1 Prevention of post-ESD stricture at the University of Tokyo

into the muscularis propria has been reported to be a risk
factor for subsequent delayed perforation and thus could
not be performed in all cases [16, 17]. Due to a trade-off
between efficacy and safety, the choice of steroid injec-
tion alone was performed at the discretion of the operator
according to the condition of the post-ESD defect. As an
attempt to further decrease the incidence of stricture, addi-
tional steroid injection after ESD has also been introduced
after 2019. According to the condition of the post-ESD
defect, additional steroid injection was also selected for
high-risk cases at the discretion of the operator.

Immediate steroid injection

In patients who underwent immediate steroid injection,
immediately after completion of ESD, a solution of triam-
cinolone acetonide diluted to a concentration of 5 mg/ml
was injected into the submucosal layer of the ESD defect
as previously reported [6, 21]. Injection was performed in
doses of 0.2 ml per location, for a total of 40—-80 mg. For
patients undergoing combination therapy, PGA shielding
was performed thereafter.

PGA shielding

In patients who underwent PGA shielding, PGA sheets
(Neoveil® NV-M-015G (100x50%0.15 mm); Gunze Co,
Tokyo, Japan) were deployed using either the clip-and-
pull method [21, 25, 26] or by delivering multiple patches
(approximately 0.5 0.5 cm) of PGA through the scope with
forceps [22, 27] according to the preference of the opera-
tor. After the PGA sheets were delivered to cover the entire
circumference of the esophagus, fibrin glue (Beriplast®P
Combi-Set; CSL Behring Pharma, Tokyo, Japan.) was then
instilled along the entire length of the sheet, firmly fixing the
sheets to the post-ESD mucosal defect.

Time period 2002-2013 2013-2014 2014-2019 2019—present
Clinical study No UMIN11058 UMIN14642 No
(Standard therapy) (Prospective study) (Prospective study) (Standard therapy)
Preventive methods immediately after resection
Low-risk No No No No
High-risk No PGA shielding Steroid injection + PGA Steroid injection + PGA shielding
shielding Steroid injection only
Preventive methods continued after discharge
Low-risk No No No No
High-risk No No No No

Additional steroid injection
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Perioperative management

On the day before ESD, oral diet was discontinued after
the evening meal, and patients were prohibited from eat-
ing thereafter until instructed. Oral administration of a daily
dose of proton-pump inhibitors was also begun on the day
before ESD and continued daily for a minimum of 29 days.
The day after ESD, laboratory examinations, along with
chest and abdominal X-ray were performed. Oral diet was
resumed 2 days after ESD. The patients were followed up
for a minimum of 12 weeks to ensure that postoperative
stricture would not be overlooked, based on previous reports
that postoperative stricture occurs approximately 4 weeks
after ESD [25].

Additional steroid injection

Previous literature has demonstrated that postoperative
stricture occurs after a period of 3—4 weeks following ESD
in most cases [6]. Thus, in patients who underwent addi-
tional steroid injection, a scheduled endoscopic evaluation
was performed within 3 weeks after ESD, and a solution of
40 mg triamcinolone acetonide diluted to a concentration
of 5-10 mg/ml was injected into the ESD defect. This pro-
cedure was repeated at 1-2 week intervals thereafter, until
regeneration of the epithelium was confirmed or until the
patient could not continue follow-up. Strict follow-up pro-
cedures were not implemented due to lack of evidence sup-
porting this method, and intervals were adjusted according
to each patient’s physical and social circumstances.

Endoscopic balloon dilation

Scheduled endoscopic evaluation was not routinely per-
formed within 12 weeks of ESD, except for cases undergo-
ing additional steroid injection. Endoscopic evaluation was
usually only performed within 12 weeks of ESD when the
patient had a dysphagia score [28] of over 2, which was
defined as the condition where the patient could only eat
semi-solid foods. Postoperative stricture was defined as the
condition where a 9-10 mm diameter upper gastrointestinal
endoscope could not pass through the esophageal lumen, and
endoscopic balloon dilation (EBD) was only performed if
this criteria was met. EBD was initially performed 1 time per
week as required until the patient did not meet the criteria
for postoperative stricture and could maintain this condi-
tion for 4 weeks without intervention. In cases of postop-
erative stricture found during scheduled additional steroid
injection, EBD was performed regardless of symptoms of
dysphagia, so that the endoscope could pass through the
lumen and additional steroid injection could be performed.

@ Springer

An esophageal balloon dilatation catheter (CRE Fixed Wire
12 mm/15 mm/18 mm, Boston Scientific Co, Boston, USA)
was used for all EBD procedures.

Endpoints for analysis

Background factors, endoscopic findings, and histopatho-
logical results were extracted from the medical records at the
University of Tokyo Hospital. Terminology concerning loca-
tion and depth were defined in accordance with the Japanese
Guidelines for Diagnosis and Treatment of Carcinoma of
the Esophagus [1], with cervical esophageal cancer defined
as lesions extending to within 18 cm from the incisor teeth.
As mentioned above, postoperative stricture was defined as
the condition where a 9-10 mm diameter upper gastroin-
testinal endoscope could not pass through the esophageal
lumen. Refractory stricture has previously been defined as
the condition where stricture could not be remediated by
over 5 sessions at 2-week intervals for a total of 10 weeks
[29], with slightly adapted definitions per institute [30]. As
EBD was performed at 1-week intervals at our institute, in
this study refractory stricture was defined as the condition
where over 10 sessions of EBD treatment were required
after esophageal ESD. Successful preventive treatment was
defined as the condition where postoperative stricture and
refractory stricture did not occur within 12 weeks of treat-
ment. To evaluate the efficacy of each method of preventive
treatment, the rates of postoperative stricture, and refractory
stricture were evaluated.

Statistical analysis

Risk factors for stricture and refractory stricture were ana-
lyzed. Adjusting for possible risk factors for stricture that
had been screened by univariable analysis, the odds ratios
(OR) for steroid injection and/or PGA shielding, and addi-
tional steroid injection were estimated by multivariable
logistic regression. Variables that attained a cutoff of 0.05
for univariable p value were considered as adjustment vari-
ables. Because of (quasi-)complete separation of events
among screened variables, some variables’ categories were
collapsed, or variables were deleted from regressors if high
correlation was observed (e.g., lesion and resection circum-
ferences); further, Firth’s penalized likelihood was utilized
to obtain the bias-corrected maximum likelihood estimates
from sparse data. All p-values and confidence intervals were
based on the penalized profile likelihood-ratio test.

The efficacy of each method of prevention was also evalu-
ated by univariable analysis of patients at risk of stricture
as described above. All statistical analyses were performed
using JMP® Version 16.0 (SAS Institute Inc., Cary, NC,
USA).
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Results
Background factors of patients

Of the 699 cases included in analysis (Table 2), 86.8% were
male, aged 68.7 9.0 years. The majority had a histology of
squamous cell carcinoma (95.7%), with the remaining com-
prised adenocarcinoma and basaloid carcinoma. While ade-
nocarcinoma and basaloid carcinoma were mostly located
in the lower thoracic esophagus or abdominal esophagus,
there was no difference in other background characteristics
between the different histology. A representative case is
shown in Fig. 2.

Risk factors associated with postoperative stricture
and refractory stricture

Of the factors associated with the incidence of postoperative
stricture in univariable analysis (Supplementary Table 1),
multivariable logistic regression analysis (Table 3) demon-
strated that the location of the lesion (p =0.089) and the
resection circumference (p <0.001) were the only risk fac-
tors associated with postoperative stricture. Concerning
location, the risk of postoperative stricture was especially
high in the cervical esophagus (OR 2.05, p=0.303) and
upper thoracic esophagus (OR 2.82, p=0.037). Concern-
ing resection circumference, the risk of postoperative stric-
ture increased in proportion to resection circumference, with
significant risk after resection of over 1/2 the circumference
(OR 12.56, p<0.001), and extremely high-risk after total
circumferential resection (OR 605.66, p <0.001).

Similar tendencies were found for risk factors associated
with refractory stricture (Table 4). Concerning location, the
risk of refractory stricture was significantly high in the cervi-
cal esophagus (OR 24.77, p=0.002). The risk of refractory
stricture increased in proportion to resection circumference,
with a significant risk of refractory stricture after resection
of over 3/4 the circumference (OR 158.31, p <0.001), and
extremely high-risk after total circumferential resection (OR
894.04, p<0.001).

Efficacy of methods of prevention

There were no intra-procedural and peri-procedural
adverse events related to any of the methods of prophylactic
treatment.

Concerning the efficacy of methods of prevention, dif-
ferences were found in the efficacy of prophylactic treat-
ment performed immediately after ESD (p =0.062), with
“steroid injection +PGA shielding” being the only method
significantly effective in preventing stricture (OR 0.36; 95%

CI 0.15-0.83, p=0.012). This method had a higher effect
than only “steroid injection” (OR 0.83, p=0.712) or “PGA
shielding” (OR 0.94, p=1.000) alone. A higher rate of stric-
ture was seen after additional steroid injection (OR 1.53,
p=0.048).

Concerning the risk of refractory stricture, a similar ten-
dency was found, with “steroid injection + PGA shielding”
seeming to be the most effective method (OR 0.38; 95% CI
0.10-1.28, p=0.096) among the methods performed imme-
diately after ESD. Contrary to the negative effect found for
prevention of stricture, additional steroid injection was sig-
nificantly effective in preventing refractory stricture (OR
0.42;95% CI10.14-0.98, p=0.029). Unadjusted odds ratios
and relative risk for patients with resection of over 3/4 the
circumference of the esophagus (Supplementary Table 2)
have been included for reference.

Discussion

We have previously demonstrated that the combination of
steroid injection and PGA shielding is effective for safely
preventing stricture after esophageal ESD, with significant
reduction in incidence and severity of postoperative stric-
ture [6, 21, 25]. For the first time, we have demonstrated
that there is a synergic effect in combining these 2 methods,
decreasing the incidence of postoperative stricture more
significantly than either of these methods alone. In addi-
tion, the combination of these methods may also decrease
the incidence of refractory stricture, which is an even more
important clinical issue.

Interestingly, neither of these methods alone displayed a
significant effect for either the prevention of postoperative
stricture occurrence or refractory stricture. However, steroid
injection has already been established as an effective method
of stricture prevention [10, 12, 13], and these results may
have been influenced by the small sized cohort. These results
seem to only signify that a larger number-needed-to-treat is
required for each of these methods alone.

More interestingly, the combination of steroid injection
and PGA was effective in preventing refractory stricture,
which suggests that the clinical effect of this method lasted
for at least several weeks. This is consistent with previous
reports on the long-lasting effect of PGA [31]. Meanwhile,
single-use steroid injection performed only immediately
after ESD seems to have a more limited effect on refractory
stricture, which may signify that the effects of steroid injec-
tion are short-lasting.

Another key point of interest is that in patients undergo-
ing additional steroid injection, the ratio of patients requir-
ing EBD, and thus meeting the definition of postoperative
stricture, increased contrary to expectation. However, in all
the patients in this group, EBD became necessary before

@ Springer
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Table 2 Background factors of cases with superficial esophageal carcinoma

ALL Squamous cell carcinoma Other
(adenocarcinoma, basaloid)
Patient factors n=699 n=669 n=30
Age years, mean + SD 68.7+9.0 68.9+9.0 65.5+9.6
Gender Male/Female (Male%) 607/92 (86.8) 577/92 (86.2) 30/0 (100)
Lesion factors*
Location
Location Ce n (%) 30 (4.3) 30 (4.5) 0 (0)
Location Ut n (%) 83 (11.8) 82 (12.3) 1(3.3)
Location Mt n (%) 407 (58.2) 407 (60.8) 0(0)
Location Lt n (%) 145 (20.7) 139 (20.8) 6 (20.0)
Location Ae n (%) 34 (4.9) 11 (1.6) 23 (76.7)
Depth
Mn (%) M 650 (94.1) EP 231 (34.9) EP 4 (13.3)
LPM 322 (48.7) SMM (11 (36.7)
MM 70 (10.6) LPM 3 (10.0)
DMM 9 (30.0)
SM n (%) SM 41 (5.9) SM19(1.4) SM11(3.3)
SM2 28 (4.2) SM2 2 (6.7)
SM31(0.2) SM3 0 (0.0)
Previous treatment to same location 68 (9.7) 65 (9.7) 3(11.1)
(EMR,ESD,RT)**
Lesion size mm, mean +SD 21.3+134 21.4+13.2 19.2+17.7
Lesion circumference *Data missing for 1 *Data missing for 1
=<50% n (%) 545 (78.1) 520 (77.8) 25(83.3)
51-75% n (%) 110 (15.8) 107 (16.0) 3 (10.0)
76-99% n (%) 29 (4.2) 29 (4.3) 0(0.0)
100% n (%) 14 (2.0) 12 (1.8) 2(6.7)
Treatment factors
Resection size mm, mean + SD 353+13.7 349+129 4434243
Resection circumference *data missing for 1 *data missing for 1
=50% n (%) 378 (54.2) 362 (54.2) 16 (53.3)
51-75% n (%) 168 (24.1) 161 (24.1) 7(23.3)
76-99% n (%) 135 (19.3) 130 (19.5) 5(16.7)
100% n (%) 17 2.4) 15(2.2) 2(6.7)
Operation time min, mean +SD 76.7+48.6 75.4+46.9 104.1+£72.5
Prophylactic treatment immediately after ESD***
No n (%) 505 (72.2) 482 (72.0) 23 (76.7)
PGA n (%) 53 (7.6) 51(7.6) 2(6.7)
Steroid injection n (%) 36 (5.2) 33 (4.9) 3(10.0)
Steroid injection + PGA n (%) 105 (15.0) 103 (15.4) 2(6.7)
Additional steroid injection n (%) 48 (6.9) 45 (6.7) 3(10.0)

*Lesion factors were defined in accordance with the Japanese Guidelines for Diagnosis and Treatment of Carcinoma of the Esophagus

Ce cervical, Ut upper thoracic, Mt middle thoracic, Lt lower thoracic, Ae abdominal, M invasion depth limited to the mucosal layer, SM invasion
into the submucosa, EP epithelial, LPM lamina propria, MM muscularis mucosa, SMM superficial muscularis mucosa, DMM deep muscularis

mucosa

**EMR endoscopic mucosal resection, ESD endoscopic submucosal dissection, RT radiotherapy

*#%PGA polyglycolic acid shielding

@ Springer
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Fig.2 A representative case of steroid injection and PGA shielding
and additional steroid injection after total circumferential resection.
a Endoscopic evaluation with Lugol staining revealed superficial
squamous cell carcinoma extending to the entire circumference of the
esophagus. b After marking the lesion, circumferential incision of the
anal side of the lesion was performed. ¢ This was followed by inci-
sion and submucosal dissection from the oral side. A double-tunnel
strategy was employed in this case. d Remaining submucosa on the
oral side of the defect immediately after ESD was visualized, as
well as. e Remaining submucosa on the anal side. f Triamcinolone
was injected evenly into the surface of the submucosa of the defect
at approximately 5-10 mm intervals. Special care was taken not to
inject into the muscularis propria. g A PGA sheet was wrapped

around the endoscope and delivered, and after clipping the sheet to
the anal side of the defect, the sheet was deployed by simply pulling
out the endoscope. h The sheet was adhered to the defect with fibrin
glue, which bonds within 1 min. i The ESD defect 2 weeks after
ESD was covered with regenerative tissue and white mucous. Triam-
cinolone was again injected evenly into the defect at approximately
5-10 mm intervals. j This procedure was initially repeated weekly,
with signs of epithelialization of the wound beginning at 3 weeks
after ESD. k Further epithelialization 4 weeks after ESD. 1 Triamci-
nolone injection was repeated a total of 5 times, until total epitheliza-
tion was seen 2 months after ESD. Postoperative stricture was suc-
cessfully prevented in this case
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Table 3 Multivariable logistic regression model on risk factors asso-
ciated with stricture occurrence

Table 4 Multivariable logistic regression model on factors associated
with refractory stricture

Adjusted OR (95% CI) p value Adjusted OR (95% CI) p value
Lesion factors* Lesion factors*

Location 0.089 Location 0.007
Location Ce 2.05 (0.53-7.54) 0.303 Location Ce 24.77 (2.96-278.83) 0.002
Location Ut 2.82 (1.05-7.62) 0.037 Location Ut 6.01 (1.29-34.54) 0.016
Location Mt 1.14 (0.56-2.40) 0.726 Location Mt 1.82 (0.45-9.11) 0.400
Location Lt 1.00 (Reference) Location Lt 1.00 (Reference)

Location Ae 0.41 (0.06-1.94) 0.230 Location Ae 4.05 (0.41-40.69) 0.248

Depth 0.358 Depth 0.921
M 1.00 (Reference) M 1.00 (Reference)

SM 1.31 (0.76-2.15) SM 0.86 (0.28-2.03) 0.921
Treatment factors Treatment factors

Resection circumference <0.001 Resection circumference <0.001
<50% 1.00 (Reference) <50% 1.00 (Reference)

51-75% 12.56 (3.79-63.8) <0.001 51-75% 2.89 (0.01-1098.52) 1.000
76-99% 78.91 (23.00-411.88) <0.001 76-99% 158.31 (14.45-41,810.38)  <0.001
100% 605.66 (101.10-5184.78) <0.001 100% 894.04 (267,884.18) <0.001

Operation time 0.515 Operation time 0.590

<30 min 1.00 (Reference) =30 min 1.00 (Reference)
31-60 min 3.12 (0.30-423.65) 0.269 31-60 min 0.35 (0.01-65.72) 1.000
61-90 min 5.15 (0.50-699.17) 0.121 61-90 min 0.75 (0.02-146.38) 1.000
91-120 min 3.87 (0.37-525.79) 0.197 91-120 min 0.22 (0.00-45.87) 1.000
2121 min 4.71 (0.45-641.37) 0.143 2121 min 0.81 (0.02-160.00) 1.000

Prophylactic treatment immediately after ESD** 0.062 Prophylactic treatment immediately after ESD** 0.450

No 1.00 (Reference) No 1.00 (Reference)
PGA 0.94 (0.37-2.30) 1.000 PGA 0.44 (0.08-1.88) 0.229
Steroid injection 0.83 (0.26-2.36) 0.712 Steroid injection 0.59 (0.05-4.22) 0.623
Steroid injection + PGA 0.36 (0.15-0.83) 0.012 Steroid injection + PGA 0.38 (0.10-1.28) 0.096

Additional steroid injection  1.53 (0.99-2.36) 0.048 Additional steroid injection 0.42 (0.14-0.98) 0.029

All p-values and confidence intervals were based on the penalized
profile likelihood-ratio test

*Lesion factors were defined in accordance with the Japanese Guide-
lines for Diagnosis and Treatment of Carcinoma of the Esophagus

Ce cervical, Ut upper thoracic, Mt middle thoracic, Lt lower thoracic,
Ae abdominal

M: invasion depth limited to the mucosal layer, SM: invasion into the
submucosa

**PGA polyglycolic acid shielding

symptoms of dysphagia developed. This was because it was
necessary to perform EBD in cases with a narrow lumen,
so that the endoscope could pass and additional steroid
injection could be performed. This implies that for patients
undergoing additional steroid injection, pre-clinical stric-
ture may have been detected during scheduled endoscopy,
while similar pre-clinical stricture was not detected in other
patients because they did not undergo scheduled endoscopy.
Thus these results do not necessarily mean that additional
steroid injection increases the risk of stricture. Contrarily,
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All p-values and confidence intervals were based on the penalized
profile likelihood-ratio test

*Lesion factors were defined in accordance with the Japanese Guide-
lines for Diagnosis and Treatment of Carcinoma of the Esophagus

Ce cervical, Ut upper thoracic, Mt middle thoracic, Lt lower thoracic,
Ae abdominal

M invasion depth limited to the mucosal layer, SM invasion into the
submucosa

**PGA polyglycolic acid shielding

additional steroid injection was the only method which sig-
nificantly decreased the risk of refractory stricture, which
is as previously mentioned, a much more important clinical
issue. This may be explained by the long-lasting effect of
repeated therapy. While this method requires multiple ses-
sions of endoscopic therapy and requires EBD in pre-clinical
stricture cases with a narrow lumen and thus is associated
with substantial patient burden, additional steroid injection
is a very viable option for patients at high-risk for refractory
stricture.



Surgical Endoscopy (2023) 37:6267-6277

6275

However, due to differences in background factors of
the patients included in various studies [6], risk factors for
refractory stricture have not been fully clarified. Through
the multivariable logistic regression analysis performed in
this study, the most significant risk factors for postoperative
stricture occurrence and refractory stricture; location and
resection circumference, have been reconfirmed and are con-
sistent with previous reports [4, 5, 8, 9]. The combination of
steroid injection and PGA shielding, and additional steroid
injection should be especially considered for patients with
lesions located in the cervical esophagus and total circumfer-
ential lesions. However, although this method is to date one
of the few methods with the potential to successfully pre-
vent postoperative stricture after total circumferential ESD
[32, 33], this method is not effective enough to consistently
prevent postoperative stricture in all high-risk cases. In addi-
tion, while the prophylactic methods employed in this study
were safe with no adverse events, they require technical
expertise and repeated steroid injection may not be always
possible depending on the patients’ social circumstances.
There is a need for the development of even more effective
methods for the prevention of postoperative stricture and
refractory stricture.

There were several limitations to this study. First, this
was a single-center retrospective cohort analysis involv-
ing only a limited number of patients. Due to the ret-
rospective study design, this study is subject to multi-
ple biases. To minimize the effect of these biases, the
authors have conducted a multivariable logistic regression
analysis, yet there is a possibility that significant biases
remain. If possible a multi-center randomized controlled
study is desirable. Second, although the rate of stricture
occurrence in cervical esophageal cancer patients was
markedly higher than in other locations, the number of
patients in this study was not sufficient to demonstrate a
statistically significance. However when dilation of the
cervical esophagus is required to treat stricture there is
a risk of airway obstruction [34], and thus prevention
of stricture in the cervical esophageal cancer has a high
priority from a clinical standpoint. Third, because the
remaining mucosa contracts after resection, evaluation
of resection circumference is subjective. However, cur-
rent guidelines [1, 3] are based on literature which have
assessed the risk of postoperative stricture based on the
resection circumference [3, 35], and thus the same crite-
ria was employed in this study [7]. Finally, several of the
patients with refractory stricture in this study still require
EBD, and the number of EBD sessions in this study may
be underestimated. Further follow-up is required.

Conclusion

The combination of triamcinolone injection and the shield-
ing method with PGA sheets and fibrin glue is more effec-
tive than either of these methods alone for preventing and
alleviating stricture after esophageal ESD. Additional triam-
cinolone injection is effective for prevention of refractory
stricture and may be a viable option for high-risk cases.

Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s00464-023-10111-z.

Author contributions YS: Conceptualization and design; data curation,
data analysis and interpretation; clinical treatment; drafting of the arti-
cle. YT: Conceptualization and design; clinical treatment; validation
of analysis and interpretation of the data; critical revision of the article
for important intellectual content. JS: Clinical treatment. DK: Clinical
treatment. MO: Clinical treatment. RC: Clinical treatment. SN: Clinical
treatment. YM: Clinical treatment. DO: Clinical treatment. HM: Clini-
cal treatment. SY: Clinical treatment. NK: Clinical treatment, critical
revision of the article for important intellectual content. KN: Clinical
treatment. MF: Conceptualization and design; clinical treatment; criti-
cal revision of the article for important intellectual content; supervision
and final approval of the article. All authors have approved the final
version of the manuscript.

Funding Open access funding provided by The University of Tokyo.
The study was funded by Grants-in-Aid for Scientific Research (KAK-
ENHI, Grant Number 20K16952) from the Japan Society for the Pro-
motion of Science, and by a grant from the Japan Health Promotion
Foundation. No companies were involved in the study design, collec-
tion, analysis, and interpretation of the data, as well as in the writing
of this manuscript.

Data availability The data, analytic methods, and study materials will
be made available to other researchers upon reasonable request to the
corresponding author.

Declarations

Disclosures Drs. Yoshiki Sakaguchi, Yosuke Tsuji, Junichi Sato, Dai
Kubota, Miho Obata, Rina Cho, Sayaka Nagao, Yuko Miura, Daisuke
Ohki, Hiroya Mizutani, Seiichi Yakabi, Naomi Kakushima, Keiko
Niimi, Mitsuhiro Fujishiro have no conflicts of interest or financial
ties to disclose.

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long
as you give appropriate credit to the original author(s) and the source,
provide a link to the Creative Commons licence, and indicate if changes
were made. The images or other third party material in this article are
included in the article's Creative Commons licence, unless indicated
otherwise in a credit line to the material. If material is not included in
the article's Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will
need to obtain permission directly from the copyright holder. To view a
copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

@ Springer


https://doi.org/10.1007/s00464-023-10111-z
http://creativecommons.org/licenses/by/4.0/

6276

Surgical Endoscopy (2023) 37:6267-6277

References

10.

11.

12.

Kuwano H, Nishimura Y, Oyama T, Kato H, Kitagawa Y,
Kusano M, Shimada H, Takiuchi H, Toh Y, Doki Y, Naomoto
Y, Matsubara H, Miyazaki T, Muto M, Yanagisawa A (2015)
Guidelines for diagnosis and treatment of carcinoma of the
esophagus April 2012 edited by the Japan Esophageal Society.
Esophagus 12:1-30

Pimentel-Nunes P, Dinis-Ribeiro M, Ponchon T, Repici A, Vieth
M, De Ceglie A, Amato A, Berr F, Bhandari P, Bialek A, Conio
M, Haringsma J, Langner C, Meisner S, Messmann H, Morino M,
Neuhaus H, Piessevaux H, Rugge M, Saunders BP, Robaszkie-
wicz M, Seewald S, Kashin S, Dumonceau JM, Hassan C, Deprez
PH (2015) Endoscopic submucosal dissection: European Society
of Gastrointestinal Endoscopy (ESGE) Guideline. Endoscopy
47:829-854

Ono S, Fujishiro M, Niimi K, Goto O, Kodashima S, Yamamichi
N, Omata M (2009) Predictors of postoperative stricture after
esophageal endoscopic submucosal dissection for superficial
squamous cell neoplasms. Endoscopy 41:661-665

lizuka T, Kikuchi D, Hoteya S, Kajiyama Y, Kaise M (2017)
Efficacy and safety of endoscopic submucosal dissection for
superficial cancer of the cervical esophagus. Endosc Int Open
5:E736-E741

Ariyoshi R, Toyonaga T, Tanaka S, Abe H, Ohara Y, Kawara F,
Ishida T, Morita Y, Umegaki E, Azuma T (2018) Clinical out-
comes of endoscopic submucosal dissection for superficial esoph-
ageal neoplasms extending to the cervical esophagus. Endoscopy
50:613-617

Sakaguchi Y, Tsuji Y, Shinozaki T, Ohki D, Mizutani H, Minat-
suki C, Niimi K, Yamamichi N, Koike K (2020) Steroid injection
and polyglycolic acid shielding to prevent stricture after esopha-
geal endoscopic submucosal dissection: a retrospective compara-
tive analysis (with video). Gastrointest Endosc 92:1176-1186.
ell71

Ono S, Fujishiro M, Niimi K, Goto O, Kodashima S, Yamamichi
N, Omata M (2009) Long-term outcomes of endoscopic submu-
cosal dissection for superficial esophageal squamous cell neo-
plasms. Gastrointest Endosc 70:860-866

Isomoto H, Yamaguchi N, Nakayama T, Hayashi T, Nishiyama H,
Ohnita K, Takeshima F, Shikuwa S, Kohno S, Nakao K (2011)
Management of esophageal stricture after complete circular endo-
scopic submucosal dissection for superficial esophageal squamous
cell carcinoma. BMC Gastroenterol 11:46

Sato H, Inoue H, Kobayashi Y, Maselli R, Santi EG, Hayee B,
Igarashi K, Yoshida A, Ikeda H, Onimaru M, Aoyagi Y, Kudo
SE (2013) Control of severe strictures after circumferential endo-
scopic submucosal dissection for esophageal carcinoma: oral
steroid therapy with balloon dilation or balloon dilation alone.
Gastrointest Endosc 78:250-257

Takahashi H, Arimura Y, Okahara S, Kodaira J, Hokari K, Tsu-
kagoshi H, Shinomura Y, Hosokawa M (2015) A randomized
controlled trial of endoscopic steroid injection for prophylaxis
of esophageal stenoses after extensive endoscopic submu-
cosal dissection. BMC Gastroenterol. https://doi.org/10.1186/
s12876-014-0226-6

Yamaguchi N, Isomoto H, Nakayama T, Hayashi T, Nishiyama H,
Ohnita K, Takeshima F, Shikuwa S, Kohno S, Nakao K (2011)
Usefulness of oral prednisolone in the treatment of esophageal
stricture after endoscopic submucosal dissection for superfi-
cial esophageal squamous cell carcinoma. Gastrointest Endosc
73:1115-1121

Hashimoto S, Kobayashi M, Takeuchi M, Sato Y, Narisawa
R, Aoyagi Y (2011) The efficacy of endoscopic triamcinolone

@ Springer

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

injection for the prevention of esophageal stricture after endo-
scopic submucosal dissection. Gastrointest Endosc 74:1389-1393
Hanaoka N, Ishihara R, Takeuchi Y, Uedo N, Higashino K, Ohta
T, Kanzaki H, Hanafusa M, Nagai K, Matsui F, lishi H, Tatsuta
M, Ito Y (2012) Intralesional steroid injection to prevent stricture
after endoscopic submucosal dissection for esophageal cancer: a
controlled prospective study. Endoscopy 44:1007-1011

Kadota T, Yoda Y, Hori K, Shinmura K, Oono Y, Ikematsu H,
Yano T (2020) Prophylactic steroid administration against stric-
tures is not enough for mucosal defects involving the entire cir-
cumference of the esophageal lumen after esophageal endoscopic
submucosal dissection (ESD). Esophagus 17:440-447

Ishida T, Morita Y, Hoshi N, Yoshizaki T, Ohara Y, Kawara F,
Tanaka S, Yamamoto Y, Matsuo H, Iwata K, Toyonaga T, Azuma
T (2014) Disseminated nocardiosis during systemic steroid ther-
apy for the prevention of esophageal stricture after endoscopic
submucosal dissection. Dig Endosc 10:1

Yamashina T, Uedo N, Fujii M, Ishihara R, Mikamori M, Motoori
M, Yano M, Iishi H (2013) Delayed perforation after intralesional
triamcinolone injection for esophageal stricture following endo-
scopic submucosal dissection. Endoscopy 45:E92

Matsuda Y, Kataoka N, Yamaguchi T, Tomita M, Sakamoto K,
Makimoto S (2015) Delayed esophageal perforation occurring
with endoscopic submucosal dissection: a report of two cases.
World J Gastrointest Surg 7:123-127

Hanaoka N, Ishihara R, Uedo N, Takeuchi Y, Higashino K, Aka-
saka T, Kanesaka T, Matsuura N, Yamasaki Y, Hamada K, Iishi H
(2016) Refractory strictures despite steroid injection after esopha-
geal endoscopic resection. Endosc Int Open 4:E354-359

Xiang J, Linghu E, Li L, Zou J, Wang X, Chai N (2021) Utility
of radial incision and cutting with steroid injection for refrac-
tory stricture after endoscopic submucosal dissection for large
superficial esophageal squamous cell carcinoma. Surg Endosc
35:6930-6937

Lu Q, Wang J, Lv X, Xi M, Lei T, Wang Z, Yang L, Yang J
(2022) Long-term outcomes of refractory esophageal strictures
after endoscopic submucosal dissection of superficial esophageal
neoplasms. BMC Gastroenterol 22:147

Sakaguchi Y, Tsuji Y, Fujishiro M, Kataoka Y, Takeuchi C, Yak-
abi S, Saito I, Shichijo S, Minatsuki C, Asada-Hirayama I, Yama-
guchi D, Niimi K, Ono S, Kodashima S, Yamamichi N, Koike K
(2016) Triamcinolone injection and shielding with polyglycolic
acid sheets and fibrin glue for postoperative stricture prevention
after esophageal endoscopic resection: a pilot study. Am J Gas-
troenterol 111:581-583

Nagami Y, Shiba M, Tominaga K, Ominami M, Fukunaga S,
Sugimori S, Tanaka F, Kamata N, Tanigawa T, Yamagami H,
Watanabe T, Fujiwara Y, Arakawa T (2016) Hybrid therapy with
locoregional steroid injection and polyglycolic acid sheets to pre-
vent stricture after esophageal endoscopic submucosal dissection.
Endosc Int Open 4:E1017-1022

Kochhar R, Ray JD, Sriram PV, Kumar S, Singh K (1999) Intral-
esional steroids augment the effects of endoscopic dilation in cor-
rosive esophageal strictures. Gastrointest Endosc 49:509-513
Ono S, Fujishiro M, Koike K (2012) Endoscopic submucosal dis-
section for superficial esophageal neoplasms. World J Gastrointest
Endosc 4:162-166

Sakaguchi Y, Tsuji Y, Ono S, Saito I, Kataoka Y, Takahashi
Y, Nakayama C, Shichijo S, Matsuda R, Minatsuki C, Asada-
Hirayama I, Niimi K, Kodashima S, Yamamichi N, Fujishiro
M, Koike K (2015) Polyglycolic acid sheets with fibrin glue
can prevent esophageal stricture after endoscopic submucosal
dissection. Endoscopy 47:336-340

Ono S, Tsuji Y, Fujishiro M, Kodashima S, Yamamichi N, Koike
K (2014) An effective technique for delivery of polyglycolic


https://doi.org/10.1186/s12876-014-0226-6
https://doi.org/10.1186/s12876-014-0226-6

Surgical Endoscopy (2023) 37:6267-6277

6277

217.

28.

29.

30.

31.

32.

acid sheet after endoscopic submucosal dissection of the esoph-
agus: the clip and pull method. Endoscopy 46:E44-45
Takimoto K, Toyonaga T, Matsuyama K (2012) Endoscopic
tissue shielding to prevent delayed perforation associated with
endoscopic submucosal dissection for duodenal neoplasms.
Endoscopy 44:E414-415

Mellow MH, Pinkas H (1985) Endoscopic laser therapy for
malignancies affecting the esophagus and gastroesophageal
junction. Analysis of technical and functional efficacy. Arch
Intern Med 145:1443-1446

Kochman ML, McClave SA, Boyce HW (2005) The refractory
and the recurrent esophageal stricture: a definition. Gastrointest
Endosc 62:474-475

Siersema PD (2019) How to approach a patient with refractory or
recurrent benign esophageal stricture. Gastroenterology 156:7-10
Suzuki A, Konishi H, Suzuki T, Katsumata T, Hanaoka N, Naka-
mura K, Matsubara C, Fujii S, Nemoto S (2022) A combination of
polyglycolic acid fabric and fibrin glue prevents air leakage from
a lung defect. Interact Cardiovasc Thorac Surg. https://doi.org/10.
1093/icvts/ivac196

Kataoka Y, Tsuji Y, Sakaguchi Y, Kodashima S, Yamamichi N,
Fujishiro M, Koike K (2015) Preventing esophageal stricture after

33.

34.

35.

endoscopic submucosal dissection: steroid injection and shielding
with polyglycolic acid sheets and fibrin glue. Endoscopy 47(Suppl
1):E473-474

Kubota D, Sakaguchi Y, Nagao S, Tsuji Y, Fujishiro M (2022)
Subtotal esophageal endoscopic submucosal dissection for long-
segment Barrett’s esophagus and adenocarcinoma. Endoscopy
54:E583-E584

Freund MR, Spira RM, Reissman P (2017) Severe esophageal
dilation causing central airway obstruction: a rare complication
of LAGB. Surg Obes Relat Dis 13:e13-¢15

Isomoto H, Yamaguchi N, Minami H, Nakao K (2013) Manage-
ment of complications associated with endoscopic submucosal
dissection/endoscopic mucosal resection for esophageal cancer.
Dig Endosc 25(Suppl 1):29-38

Publisher's Note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.

@ Springer


https://doi.org/10.1093/icvts/ivac196
https://doi.org/10.1093/icvts/ivac196

	Repeated steroid injection and polyglycolic acid shielding for prevention of refractory esophageal stricture
	Abstract
	Background 
	Methods 
	Results 
	Conclusion 
	Graphical abstract

	Materials and methods
	Patients
	ESD procedure
	Prevention of post-ESD stricture
	Immediate steroid injection
	PGA shielding
	Perioperative management
	Additional steroid injection
	Endoscopic balloon dilation
	Endpoints for analysis
	Statistical analysis

	Results
	Background factors of patients
	Risk factors associated with postoperative stricture and refractory stricture
	Efficacy of methods of prevention

	Discussion
	Conclusion
	Anchor 25
	References




