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ABSTRACT

Background and study aims Hybrid argon plasma coagu-
lation (H-APC) is a novel technique for ablation of neoplas-
tic Barrett's esophagus (BE), consisting in submucosal fluid
injection and subsequent APC of visible BE. The aim of this
study was to assess H-APC efficacy, safety, and tolerability.
Patients and methods We prospectively included patients
undergoing H-APC ablation at four Italian Hospitals from
September 2022 to March 2024.Patients with BE C3M5
maximum extent, low- or high-grade dysplasia (LGD, HGD)
or residual BE after endoscopic resection (ER) of visible le-
sions were included. Patients who had undergone previous
ablative treatments were excluded. The primary endpoints
were complete eradication of intestinal metaplasia (CE-IM)
and dysplasia (CE-D). Secondary endpoints were safety in
terms of major and minor adverse events (AEs) and toler-
ability, assessed using pain (0-10) and dysphagia (0-5)
scores within 7 days post-ablation (NCT05645679).
Results Among the 51 enrolled patients (mean circumfer-
ential 0.43 cm; standard deviation [SD] 0.72, mean maxi-
mum longitudinal 2.20 cm; SD 1.09) who completed treat-
ment (80 H-APC sessions), 45.1% (23/51) had prior ER of
visible lesions. All patients achieved both CE-IM and CE-D
(51/51), requiring a mean of 1.51 sessions (SD 0.83). Only
one case of fever and absolute dysphagia was observed (1/
51; 1.96% AEs). Regarding tolerability, mean pain score was
1.3 (SD 1.99) whereas mean dysphagia score was 1.28 (SD
0.56).

Conclusions The H-APC technique showed promising re-
sults in terms of effectiveness and safety with good toler-
ability in achieving initial CE-IM and CE-D in a selected pop-
ulation of BE patients.
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Introduction

Barrett’s esophagus (BE) is an established risk factor for eso-
phageal adenocarcinoma (EAC), a malignant condition with an
increasing incidence and a 5-year survival rate of 5 to 20%. As a
matter of fact, patients with low-grade (LGD) and high-grade
(HGD) BE-associated dysplasia have an annual risk of progres-
sing to EAC of 0.5% and 7%, respectively [1,2].

Radiofrequency ablation (RFA) is the reference standard
among endoscopic ablative treatments for dysplastic BE [3].
RFA has been shown to completely eradicate intestinal meta-
plasia up to 94% of cases [4,5, 6, 7]. Despite convincing and cor-
roborated outcomes in term of efficacy, the not negligible rate
of adverse events (AEs) as high as 19.1% is considered a major
drawback of the procedure. In particular, risk of thermal mus-
cular injury has been shown to be difficult to prevent, translat-
ing in a 0.6% rate of perforation intra-procedurally, and a risk of
post-procedure esophageal strictures requiring endoscopic di-
lations reported in 5.6% to 11.8% of cases [8].

Hybrid argon plasma coagulation (H-APC) is a new tech-
nique consisting of submucosal fluid injection and subsequent
ablation through APC. Injection of solutions into the submuco-
sa is aimed at limiting depth of thermal muscular injury, pre-
venting both risk of perforations and strictures, possibly achiev-
ing more effective ablation of metaplastic/dysplastic mucosa
[9,10,11,12,13,14].

The specific aim of this study was to evaluate efficacy of this
technique in completely eradicating intestinal metaplasia (CE-
IM) and dysplasia (CE-D), maintaining a particular focus of pro-
cedure safety and tolerability.

Patients and methods

We conducted a multicenter, prospective, single-arm study at
four Italian hospitals. The study protocol was approved by the
Institutional Review Board (IRB) of the coordinating center (Hu-
manitas Research Hospital) and at each participating center.
The study was registered on clinicaltrials.gov (NCT05645679)
and reported according to the STROBE checklist. Site investiga-
tors and their research teams collected, reviewed, and entered
the data into an electronic database maintained by the coordi-
nating center. All authors had access to the study data and re-
viewed and approved the final manuscript.

Sample size was calculated based on the number of patients
with BE managed annually at participating centers. Assuming
an average of at least five new cases of untreated dysplastic BE
per year across the four Italian referral centers and accounting
for a possible dropout rate of up to 20%, we estimated a requir-
ed sample size of 50 patients.

Study population

Patients with BE 1 to 5cm in length (Prague Classification < C3/
< M5), and histologically confirmed low-grade (LGD) or high-
grade dysplasia (HGD) or residual BE after endoscopic resection
of visible lesions (LGD, HGD, or early esophageal adenocarcino-
ma < T1sm1) were eligible.

We excluded patients younger than 18 years of age. Other
exclusion criteria included prior distal esophagectomy, pre-
vious ablation therapy of the esophagus, history of esophageal
varices, or achalasia, active esophagitis grade B or higher (pa-
tients could be included after appropriate treatment of reflux
esophagitis), esophageal stricture preventing advancement of
the endoscope, anti-thrombotic therapy precluding endos-
copy, uncontrolled coagulopathy, severe comorbidities, or life
expectancy < 2 years, as judged by the site investigator, preg-
nancy or planning to become pregnant during period of study
participation.

Endoscopic procedure and follow-up endoscopy

All participating centers were trained by the study Principal In-
vestigator and the device manufacturer (Erbe Elektromedizin
GmbH [Erbe USA]) on the study protocol, data collection, and
use of the Hybrid APC system. The H-APC probe combines Wa-
terJet technology with APC. The probe comprises a central wa-
ter channel for submucosa injection and a peripheral gas chan-
nel for APC. The rest of the technical characteristics of H-APC
system are presented in the Supplementary Material. All the
procedures were performed with a VIO3 Erbe Electrosurgical
unit. Maximum extension per treatment session was limited to
the hemi circumference to prevent stenosis formation.

Upper endoscopy procedures were performed on an inpati-
ent/outpatient basis according to site standard of care for pro-
cedure sedation or anesthesia. Baseline examination required
high-definition white light endoscopy and digital mucosal en-
hancement (narrow band imaging, Olympus America, Center
Valley, Pennsylvania, United States; or I-Scan, Pentax Medical
Corporation; blue light imaging BLI, Fujifilm) to assess baseline
characteristics of BE. At initial examination, ablation was per-
formed when there were no concerning lesions or nodularity.
The treatment area could be marked or not at the discretion of
each endoscopist using the APC catheter at Pulsed 25 or 30 W.
Submucosal injection was performed using saline mixed with
methylene blue; the starting setting for the water jet system
was Effect 25-30. This setting could be increased in increments
of 5 until the desired lift was obtained. After lifting, ablation
was performed with pulsed APC at 60 W with an argon flow
rate of 0.8 to 1.0L/min all over the BE epithelium until a tan-
brown chamois appearance of the tissue was achieved. Even in
cases of circumferential BE, max 50% of the circumference was
allowed by protocol. After H-APC treatment, the ablated tissue
was removed using a transparent endoscopy cap followed by
additional H-APC treatment for eventual small residual areas
of BE. The setting for supplemental treatment was 40 W.

Within 7 days (+ 2 days), patients were contacted by the lo-
cal investigator or a physician via phone call to administer toler-
ability questionnaires (» Fig. 1 and Supplementary Material).

Endoscopic procedures were repeated every 8+2 weeks till
complete eradication of visible intestinal metaplasia. During
follow-up upper endoscopy, the neo-epithelium was closely ex-
amined using high-definition white light endoscopy and virtual
chromoendoscopy. Random biopsies were performed on the
entire length of the neo-epithelium at the 4 quadrants and at
the esophagogastric junction and targeted biopsies are taken
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» Fig. 1 Hybrid-APC ablation process. a White light endoscopy (HD-WLI) images at baseline examination. b Blue light imaging (BLI) at baseline
endoscopy. ¢ HD-WLI at baseline examination after acetic acid spray. d Results of Hybrid-Argon plasma coagulation aimed at completely eradi-
cating dysplastic and metaplastic mucosa. e Esophageal neo-epithelium after treatment with WLI. f Esophageal neo-epithelium after treatment

with BLI.

of suspicious residual BE to histologically confirm achievement
of CE-IM and CE-D.

Immediately after treatment, patients were prescribed high-
dose proton pump inhibitor therapy twice daily, equivalent to
at least, pantoprazole 40mg bid. Additional acid-inhibiting
medication could be prescribed at investigator discretion.

Study endpoints

Rates of CE-IM and CE-D were the main outcomes. CE-IM was
defined as complete eradication of all BE on endoscopy and in
all biopsies obtained at first follow-up endoscopy after the
maximum of five treatment sessions. Similarly, CE-D was de-
fined as complete eradication of dysplasia in all biopsies obtain-
ed at first follow-up endoscopy.

The rate of major and minor AEs were secondary outcomes
as well as patient tolerability, number of Hybrid APC treatments
required to achieve CE-IM and CE-D, and duration of each treat-
ment session. Procedure time (minutes) was calculated as time
between the first submucosal injection and ablation of the last
area of BE. Gastrointestinal bleeding was defined as a bleeding
with a significant drop in hemoglobin values (Hb > 2 g/dL) or re-
quiring transfusion within 24 hours of the procedure. Perfora-
tion was defined as exposure of the mediastinal/peritoneal
space as a result of a muscular defect occurring during the pro-
cedure.

Besides bleeding and perforation, major AEs included fever
persisting for more than 24 hours that developed during the
first 24 hours after the procedure. Minor AEs comprised pain,
dysphagia, gastrointestinal bleeding without need for blood
transfusion or a drop in hemoglobin (Hb < 2g/dL), and fever

lasting less than 24 hours that developed during the first 24
hours after the procedure. Finally, tolerability was defined as
presence of post-procedure pain (rated on a scale of 0 to 10,
where 0 indicates no pain and 10 signifies the worst imaginable
pain) and dysphagia (also rated on a scale of 0 to 5, where 0 in-
dicates absence of dysphagia and 5 indicates inability to swal-
low liquids and solids). Moreover, patients were questioned
about their postoperative experience, including painkiller
usage and visits to their general practitioner.

Statistical analysis

Descriptive statistical analysis was conducted on the available
data. For normally distributed variables, means with standard
deviations (SDs) were calculated, whereas variables with
skewed distributions were presented as medians with inter-
quartile ranges (IQRs). Categorical variables were expressed as
frequencies and percentages.

Univariate/multivariate analysis was used to assess the asso-
ciation between different variables (length of BE and circumfer-
ential involvement, worst BE histology, previous endoscopic
treatment with endoscopic mucosal resection [EMR]/endo-
scopic submucosal dissection [ESD] prior to H-APC ablation),
and efficacy (CE-D, CE-IM, number of ablative procedures) and
safety outcomes (AEs). All statistical analyses were performed
with STATA (ver. 18, Texas, United States).
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Results
Population characteristics

From September 2022 to March 2024, 51 patients (82.3%
males, mean age 61.1 years) were enrolled, all of whom com-
pleted the treatment protocol. Baseline characteristics of the
patients and BE are shown in » Table 1.

Overall, 45.1% (23/51) had previously undergone endo-
scopic resection-either EMR, ESD, or both—of visible lesions
before ablative treatment sessions. Among this subgroup,
43.5% were diagnosed with adenocarcinoma, 43.5% had HGD,
and 13% had LGD. Among those who proceeded directly to ab-
lation, 75% had LGD an 25% had HGD.

There were no screening failures according to protocol inclu-
sion/exclusion criteria (Supplementary material). In the base-
line population, circumferential BE was present in 13% (3/23) of
previously resected and 46% (13/28) of non-resected patients

> Table1 Study population.

Enrolled patients

Number of patients who completed treatment
Females:males

Mean age

Mean BMI

Mean BE C length (cm)

Mean BE M length (cm)

Number of patients undergoing ER before ablation
Technique of ER

= Only EMR

= Only ESD

= EMR plus ESD

Worst histology from ER

= Low-grade dysplasia

= High-grade dysplasia

= Adenocarcinoma

Worst histology in the remaining BE

= Intestinal metaplasia

= Low-grade dysplasia

= High-grade dysplasia

= Number undergoing direct Hybrid-APC
Worst histology in direct Hybrid-APC

= LGD

= HGD

(»Fig. 2). Reported BE lengths, including mean circumferential
(C) and maximum (M) longitudinal, were calculated based on
residual segments after endoscopic resection.

Feasibility and effectiveness

In all 51 patients, H-APC was technically feasible with a mean
procedure time of 22.2 minutes (SD 11.3) (»Fig.3). In all pa-
tients, eradication of dysplasia (CE-D) and intestinal metaplasia
(CE-IM) were successful. The median number of treatments re-
quired to achieve complete eradication of intestinal metaplasia
(CE-IM) was 1.0 (range 1 to 4; IQR 1.0 to 2.0).

All patients reached successful eradication of dysplasia (CE-
D) and intestinal metaplasia (CE-IM). Mean number of ablation
sessions required to achieve eradication was 1.51 (SD 0.83).
Need for multiple sessions was independently associated with
circumferential BE involvement (P =0.0091) and longitudinal
BE extension of more than 2cm (P =0.0059). In contrast, nei-

Number Percentage
51 100%

51 100%

9:42 17.7%:82.3%
61.1 Range 36-85
26,86 Range 18.7-38.1
0.43 Range 0-3.0
2.20 Range 1.0-5.0
23/51 45.1%

10/23 43.5%

12/23 52.2%

1/23 4.3%

3/23 13%

10/23 43.5%

10/23 43.5%

3/23 13%

10/23 43.5%

10/23 43.5%

28/51 54.9%

21/28 75%

7/28 25%

APC, argon plasma coagulation; BE, Barrett’s esophagus; BMI, body mass index; C, circumference; EMR, endoscopic mucosal resection; ER, endoscopic resection;
ESD, endoscopic submucosal dissection; HGD, high-grade dysplasia; M, maximum; LGD, low-grade dysplasia.
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BE-associated Neoplasia (n =51)

[
Previous ER (23/51; 45 %)

|
| |
Circumferential Non-circumferential
(3/23; 13%) (20/23; 87 %)
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e
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AEs CEIM at AEs CEIM at
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(3/4:75%) (6/13; 46 %)
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» Fig.2 Treatment flowchart. ER, endoscopic resection; CEIM, complete eradication of intestinal metaplasia.
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Humanitas Research Hospital San Giovanni Bisco Hospital

[ Mean duration of session 1 [ Mean duration of session 2

Policlinico Gemelli Campus Biomedico

Mean duration of session 3 [ Mean duration of session 4

» Fig.3 Average treatment duration (minutes). Mean treatment duration of four sessions at four involved centers (Humanitas Research Hospi-
tal, San Giovanni Bosco Hospital, Policlinico Gemelli, Campus Biomedico).

ther previous endoscopic treatment nor presence of adenocar-
cinoma as a worse histology were found to be factors associat-
ed with need for more ablative treatment (» Table 2).

Safety and tolerability

None of the 80 procedures caused any major AEs. One patient
experienced intense post-procedure pain associated with fever
lasting less than 24 hours and total dysphagia that was conser-
vatively managed (C2M3, ablated with pulsed APC at 60W for
25 minutes). No strictures, bleeding, or other AEs were report-
ed.

Massimi Davide et al. Efficacy and safety...

No patients required endoscopic dilations during or after the
treatment course and patients were reassessed within 7 days (+
2 days) after each treatment and between treatments without
evidence of any concern about dysphagia. The mean pain score
was 1.3 (SD 1.99). Fourteen of 80 ablations required post-
operative painkillers within 72 hours, all of which were parace-
tamol. Mean dysphagia score was 1.28 (SD 0.56). Two of 80
ablation sessions (2.5%) affected normal daily activities of
patients during the following days. Univariate analysis did not
identify any factors predictive of safety and tolerability out-
comes (»Table3).

Endosc Int Open 2025; 13: 225318227 | © 2025. The Author(s). E5
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> Table2 Univariate and multivariate analysis.

> 1 ablation session Univariate

OR Cl
Longitudinal extension (M > 2) 7.7 2.2-27.8
Circumferential extension (C> 1) 4.8 1.6-14.8
Previous endoscopic resection 2.3 0.7-8.1
Adenocarcinoma at worst histology 0.8 0.2-3.7

C, circumference; Cl, confidence interval; M, maximum; OR, odds ratio.

> Table3 Mean treatment duration and mean pain/dysphagia score.

Session Mean Mean pain Mean

number duration score (SD) dysphagia
(SD) in from 1 to 10 score (SD)
minutes from1to5

1 23.2(10.5) 1.6(2.2) 1.3(0.6)

2 21.3(12.9) 0.7 (1.2) 1.3(0.5)

3 24.0(7.7) 0.8(1.3) 1.3(0.5)

4 12.5(3.5) 0.0 (0.0) 0.5(0.7)

SD, standard deviation.

Discussion

This study represents the first multicenter Italian experience
with Hybrid-APC (H-APC), conducted across four referral cen-
ters specializing in BE and advanced third-space endoscopy. Its
primary objective was to evaluate real-world feasibility, safety,
and efficacy of H-APC, focusing on complete eradication of
intestinal metaplasia (CE-IM) and dysplasia (CE-D), assessing
AEs (particularly strictures), and examining patient-reported
outcomes such as pain and dysphagia. The study’s rigorous in-
clusion criteria—excluding patients with prior ablative therapies
and including those with previous extensive endoscopic resec-
tions—underscore its relevance to real-world clinical practice,
particularly in high-risk cases characterized by a higher likeli-
hood of post-procedure stenosis, scar tissue, and fibrosis. All
patients achieved CE-IM and CE-D without any major AEs re-
ported, except one case of post-procedure pain associated
with fever (< 24 h), which was conservatively managed.

Risk of AEs, particularly perforation and stenosis, has indeed
historically conditioned ablative therapy of BE. Moreover, pain
and dysphagia reported by patients after RFA ablation sessions
have raised concerns about tolerability of the procedure [15,
16,17,18]. Hybrid-APC was conceived for this purpose: to re-
duce risk of deep muscle injury without compromising treat-
ment effectiveness. This technique was designed to achieve
CE-IM with only one device, by lifting the submucosa with a
needle-free high-pressure water jet, preventing muscle injury

Multivariate

P value OR Cl P value
0.00017 3.4 1.4-11.3 0.0059
0.0058 4.0 1.5-13.9 0.0091
0.1851 - - -
0.249 - - -

and damage to deep submucosal vessels during argon plasma
ablation [11,19].

This study confirms the aim for which the H-APC was devel-
oped, achieving high ablative efficacy and eliminating potential
AEs.

A prior investigation on the H-APC technique by Knabe et al.
indicated similar promise regarding a more favorable outcome
in terms of AEs and patient tolerability with hybrid-APC com-
pared with RFA, the current standard for BE ablation, without
affecting efficacy. According to that trial, eradication rates for
RFA versus H-APC were 74.2% versus 82.9%, respectively. Stric-
tures necessitating further treatment were observed in 3.7% of
H-APC patients compared with 14.9% in the RFA group. In addi-
tion, a more favorable tolerability profile was reported, as re-
flected by lower mean pain scores (4.56/10 over 7.54 days for
RFA versus 2.07/10 over 3.59 days for hybrid-APC) [20].

To confirm these results, our study relied on meticulous
tracking of the tolerance profile of the technique through accu-
rate phone recordings of patient symptoms conducted weekly
following each treatment session. Hybrid APC was very well tol-
erated by patients, 91.8% of whom did not change their daily
activities following the first ablation session and the mean pain
and dysphagia scores after the first ablation session were 1.7
and 1.4, respectively. Although patient-reported outcomes
were meticulously tracked, lack of validation for these ques-
tionnaires limits generalizability of the tolerability findings.

The efficacy confirmation relied on meticulous biopsy proto-
col extended to the full length of the neo-epithelium, and all
biopsies were assessed by expert pathologists.

One limitation of our study could be the limited circumfer-
ential extension of BE in the enrolled patients and the protocol
design, which limited treatment to hemi-circumference. This
could explain the low number of sessions required to achieve
CE-IM and a lower stricture rate than previous studies enrolling
patients with longer BE [21,22,23]. Indeed, the need for multi-
ple sessions was independently associated with circumferential
BE involvement (P =0.0091) and longitudinal BE extension of
more than 2cm (P =0.0059). As previously stated, this is due,
in part, to the protocol design, which limited maximum exten-
sion per treatment session to the hemi-circumference to pre-
vent stenosis formation.

Noteworthy, neither previous endoscopic treatment nor
presence of adenocarcinoma as a worse histology were found

E6 Massimi Davide et al. Efficacy and safety... Endosc Int Open 2025; 13: 225318227 | © 2025. The Author(s).



to be factors associated with need for more ablative treatment.
Moreover, considering that the mean circumferential extension
of the treated patients was 0.43cm (range 0-3 cm) and mean
longitudinal extension was 2.20cm (range 1-5cm), mean pro-
cedure time was 22.2 minutes (SD 11.3), reflecting even in this
case the protocol limitation to half-circumferential ablation and
the relatively short BE segments treated. Although the tech-
nique demonstrated reproducibility across tertiary centers, a
learning curve is expected, as with all ablation modalities. It is
unclear whether H-APC, in general, may require more endo-
scopic expertise than RFA. Considering previous RFA experi-
ence, endoscopist experience correlates with successful BE era-
dication [24]. A learning curve must be assumed, as with all ab-
lation techniques, but given the procedure time and efficacy
endpoints in our study, it appears that the technique may be
highly reproducible in tertiary referral centers, where these pa-
tients should be addressed. In these respects, multicenter stud-
ies such as the present study, with multiple examiners, may be
more representative than single-center trials with one or a few
dedicated and highly experienced endoscopists, which may re-
present an underexamined study bias. Given its safety profile
and efficacy, H-APC appears particularly suitable for patients
at high risk of recurrence or stricture formation, especially
those who require targeted treatment. Limited circumferential
extension of BE in the enrolled patients was offset by the sub-
stantial number of patients enrolled who underwent multiple
endoscopic resections (EMR and ESD) before ablation, many of
whom had adenocarcinomas. In fact, the ability to modulate in-
jection power made it possible to achieve adequate BE lift and
effective and safe ablation in every case, even overcoming the
potential limitation of submucosal fibrosis due to previous
endoscopic resection. In this respect, Hybrid-APC could be a
beneficial choice for ablating BE in patients at high risk of recur-
rence and strictures following endoscopic treatments, with
shortened BE extension. This technique seems to be the ideal
option for a targeted and highly effective treatment.

The lack of follow-up data, particularly the recurrence rate,
represents the main limitation of our study. Although the study
was designed to evaluate immediate outcomes, we plan to
conduct follow-up analyses once a complete dataset is avail-
able. In the future, it will be essential to assess whether the
rate of initial CE-IM and CE-D is confirmed at follow-up in terms
of sustained CE-IM and CE-D, as well as oncological reliability of
this new technique to prevent and avoid esophageal adenocar-
cinoma.

Conclusions

The findings from our investigation appear highly encouraging.
They indicate notable efficacy and safety, a promising tolerabil-
ity profile, and a reduced number of treatment sessions needed
to attain initial CE-D and CE-IM even after previous endoscopic
resection. Moreover, there is substantial consistency across
various centers and among endoscopists with varying expertise
levels. However, conclusive evidence should be derived from
extensive multicenter randomized trials directly comparing

hybrid-APC and RFA, the current standard of care, in a real-life
multicenter environment.
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