
Original Article

Efficacy of endoscopic radiofrequency ablation for proton
pump inhibitor-dependent gastroesophageal reflux disease:
Multicenter prospective cohort study

Yuanxi Jiang,1 Zhiyu Dong,1 Ying Chen,1 Huihui Sun,1 Junwen Wang,1 Zhenxiang Wang,1

Qianqian Meng,2 Han Lin,2 Qingwei Zhang,3 Shengliang Chen,3 Zhizheng Ge,3

Luowei Wang2 and Shuchang Xu1

1Department of Gastroenterology, Tongji Hospital，School of Medicine, Tongji University, 2Department of
Gastroenterology, Digestive Endoscopy Center, Changhai Hospital, Naval Medical University and 3Key Laboratory
of Gastroenterology and Hepatology, Division of Gastroenterology and Hepatology, Ministry of Health, Renji
Hospital, School of Medicine, Shanghai Institute of Digestive Disease, Shanghai Jiao Tong University, Shanghai,
China

Objectives: To evaluate the effects of endoscopic radio-

frequency ablation (RFA) on proton pump inhibitor

(PPI)-dependent gastroesophageal reflux disease (GERD) in a

Chinese population, and to explore the factors associated with

favorable efficacy.

Methods: A multicenter, single-armed prospective cohort

study was conducted. PPI-dependent GERD patients were

enrolled and underwent RFA. The primary outcome was

improvement of GERD health-related quality of life (GERD-

HRQL). Secondary outcomes were symptom improvement,

satisfaction, PPI use, and the indicators of 24-h pH-impedance

monitoring. A nomogram to predict complete remission was

constructed.

Results: In total, 66 patients were included. The GERD-HRQL

score was significantly reduced at the 3 month (mean difference,

14.7 [12.6–16.9]), 6 month (mean difference, 15.9 [13.8–18.1]),
12 month (mean difference, 16.7 [14.4–18.9]), 24 month (mean

difference, 18.4 [16.2–20.1]), 36 month (mean difference, 18.2

[16.3–20.4]), and 48 month follow-up (mean difference, 16.1

[14.2–18.3]), all P < 0.001. The esophageal and extra-esophageal

symptom scores were all significantly decreased. The proportion

of satisfaction and no PPI use were significantly higher. With

regard to the indicators of 24-h pH-impedance monitoring, acid

exposure time (AET), and DeMeester score, but not lower

esophageal sphincter (LES) pressure, decreased significantly at

the 12 month follow-up. A nomogram based on age, body mass

index (BMI), baseline AET, and LES pressurewas then constructed

and showed good discrimination in the prediction of complete

remission following RFA.

Conclusions: This study demonstrated that RFA improved life

quality as well as symptoms in PPI-dependent GERD patients in

a Chinese population. Younger age, higher BMI, lower baseline

AET, and higher baseline LES pressure indicate favorable

efficacy of RFA.

Trial Registration: This trial was registered at ClinicalTrials.gov

under identifier INR-16009470.

Key words: dependent, endoscopic radiofrequency,

gastroesophageal reflux disease, GERD-HRQL, proton pump

inhibitor

INTRODUCTION

PROTON PUMP INHIBITORS (PPIs) serve as the
first-line therapy of gastroesophageal reflux disease

(GERD) management. However, most patients require

long-term use of PPIs.1,2 Furthermore, the prolonged use
of PPIs raises significant clinical side-effects.3

Endoscopic radiofrequency ablation (RFA) of the lower
esophageal sphincter (LES) has shown promising efficacy in
PPI-dependent GERD patients in Western countries.4–11

However, few relevant studies have been conducted in
China. Furthermore, few studies have focused on the factors
associated with favorable efficacy of RFA. A predictive
scoring system concentrating on complete remission
following RFA in PPI-dependent GERD patients is lacking,
necessitating further investigation.
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In this study, we aimed to evaluate the efficacy of RFA in
PPI-dependent GERD patients in a Chinese population. We
also developed a nomogram model for clinical usage to
predict complete remission in PPI-dependent GERD patients
following RFA.

METHODS

Study design

THIS WAS A multicenter, single-armed prospective
cohort study. Patients diagnosed with PPI-dependent

GERD were recruited in three tertiary general hospitals
(Tongji Hospital Affiliated to Tongji University, the First
Affiliated Hospital of Navy Military Medical University
[Changhai Hospital], and Renji Hospital, Shanghai Jiao
Tong University School of Medicine) from July 2017 to
April 2022. This study was approved by the Ethics
Committees of Tongji Hospital (Ethical batch number:
[Tong] No. 375) and Changhai Hospital (Ethical batch
number: CHEC2015-086). Renji Hospital is one of the
centers included in this study. However, as 24-h
pH-impedance monitoring and esophageal high-resolution
manometry (HRM) instruments are not available in this
hospital, participants meeting the inclusion criteria were
transferred to Tongji Hospital for subsequent treatment,
where informed consent was obtained, and included in the
study. Therefore, Institutional Reviewer Board (IRB)
approval was obtained in Tongji Hospital, and Renji
Hospital contributed mainly to participant screening and
enrolment.

Patient selection criteria

The participants met the following criteria: (i) aged
≥18 years; (ii) met the diagnosis of GERD; and (iii)
PPI treatment was effective but cannot be discontinued
and the continuous use of PPIs has lasted for more than
6 months.

The exclusion criteria were as follows: (i) participants
with hiatal hernia >2 cm; (ii) reflux esophagitis classified as
Los Angeles grade C or D; (iii) previous esophageal or
gastric surgery; (iv) esophageal motility disorders such as
achalasia; (v) coagulation disorders; (vi) esophageal or
gastric varices; (vii) cardiac pacemaker implantation; (viii)
pregnancy.

GERD was diagnosed as follows: (i) the presence of
GERD-like symptoms including regurgitation, heartburn,
chest pain, and so on; (ii) the presence of reflux esophagitis;
or (iii) evidence of reflux on 24-h pH-impedance monitoring
(acid exposure time [AET] >4%).

Intervention

All participants underwent 24-h pH-impedance monitoring
and esophageal HRM preoperatively, PPIs, H2 receptor
antagonists, and prokinetics were discontinued for at least
1 week before gastroscopy or 24-h pH-impedance monitor-
ing. A questionnaire was used to investigate the patients’
symptoms, medication use, and satisfaction with life quality.
The endoscopic RFA methods were described in our
previous studies.12 RFA was performed using the RFA
device, MER-200GA (Medi Equip Medical Technology,
Harbin, China), which has been approved by the China Food
and Drug Administration and the National Medical Products
Administration.11 During the sedated esophagogastroduo-
denoscopy (EGD), the endoscopists measured the distance
to the gastroesophageal junction, and then introduced the
radiofrequency delivery catheter orally. The endoscopists
inflated the balloon 1.5 cm proximal to the gastroesophageal
junction and delivered the radiofrequency energy for 1 min.
The catheter was then rotated 45° and the procedure was
repeated. This process was serially repeated every 0.5 cm,
covering the area from 1.5 cm above to 1.5 cm below the
gastroesophageal junction. The other six sets of this process
were also used at the gastric cardia level and 0.5 cm above
it, with the needle rotated 30° each time. Finally, a total of
80 lesions were treated at nine levels (Fig. 1).

Outcome measures

The primary outcome measure was the GERD health-related
quality of life (GERD-HRQL) score, which is currently the
most commonly used scoring system for GERD patients.13

The secondary outcomes were esophageal and extraeso-
phageal symptoms, satisfaction with life quality, PPI dosage,
degree of reflux esophagitis, AET, DeMeester score, and
LES pressure.
A nomogram model for clinical practice to predict

complete remission (50% reduction in the GERD-HRQL
score and no PPI use at the 12 month follow-up) was then
developed based on the factors significantly associated with
complete remission following RFA.
The symptom scores were collected by questionnaire

using a 6-point Likert scale. The frequency was graded as 0
(none), 1 (less than once a week), 2 (once or twice a week),
3 (three or four times a week), 4 (five or six times a
week), and 5 (more than six times a week). The severity was
graded as 0 (none), 1 (slight), 2 (mild), 3 (moderate), 4
(severe), and 5 (extremely severe). The sum of the frequency
and severity score was designated as the score for each
symptom.
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Follow-up

Follow-up was performed at 3, 6, 12, 24, 36, and 48 months
following RFA, and the GERD-HRQL score, symptom
score, satisfaction of life quality, and PPI use were recorded.
At 12 month follow-up, 24-h pH-impedance monitoring,
esophageal HRM and EGD were also performed (Fig. 2).

Sample size calculations

Sample size calculations were performed using PASS 2021
software. According to previous studies, endoscopic RFA
could decrease the GERD-HRQL score by 10 points with a

standard deviation (SD) of 10 in patients with
PPI-dependent GERD,11 setting a = 0.05 (two-sided) and
b = 0.1, and the calculated effective sample size was 11. If
the number of subjects lost to follow-up was not higher than
20%, at least 11 � (1–20%) = 14 cases were enrolled.

Statistical analysis

Participants with complete data at the 3, 6, 12, 24, 36, and
48 month follow-up were included for final analysis. Data
were analyzed using SPSS 22.0 software (IBM, Armonk,
NY, USA). Continuous variables were expressed as
mean � SD for normally distributed variables or median

Figure 1 Endoluminal delivery of radiofrequency energy to the gastroesophageal junction. (a) Localization of balloon catheter

at predetermined site in the gastroesophageal junction and delivered the radiofrequency energy for 1 min. (b) Radiofrequency

ablation (RFA) thermal points within the gastroesophageal junction. A total of 80 puncture sites are usually associated with this

therapy. (C) Schema showing “thickening” of the esophageal wall resulting from RFA therapy.

Figure 2 Study flow diagram. AET, acid exposure time; BMI, body mass index; GERD, gastroesophageal reflux disease; HRQL,

health-related quality of life; LES, lower esopheal sphincter; m, months; PPI, proton pump inhibitor.
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(interquartile range) if the data were not normally
distributed. Categorical variables were presented as number
(n) and percentage (%). The paired Student’s t-test,
repeated-measure analysis of variance (ANOVA), v2-test,
and Friedman test were used to compare the GERD-HRQL
score, symptom score, satisfaction of life quality, PPI use,
degree of reflux esophagitis, the indicators of 24-h
pH-impedance monitoring, and esophageal manometry.
Multivariable logistic regression analysis was used to
estimate adjusted odds ratio and 95% confidence interval
for predicting complete remission following RFA. A
nomogram based on significant variables was then con-
structed and the performance of discrimination was
evaluated using receiver operating characteristic (ROC)
curve and the area under the ROC curve (AUC).

All reported P-values were two-sided with P < 0.05
defined as statistically significant.

RESULTS

THREE HUNDRED AND fifty-three participants who
had GERD-like symptoms were enrolled; of these, 143

participants underwent 24-h pH-impedance monitoring and
esophageal HRM. Of these patients, 85 had GERD, 33 had
reflux hypersensitivity, and 25 had functional heartburn. The
diagnosis of reflux hypersensitivity and functional heartburn
was established according to Rome IV criteria. Finally, 70
patients agreed to participate in the study. Two patients were
lost to follow-up, one patient who was treated surgically for
descending duodenal tumor during follow-up, and one
patient who underwent fundoplication 10 months after RFA
due to unsatisfactory effect were excluded. In total, 66
participants were included in the final analysis and 31
participants underwent long-term follow-up (>12 months).
There were 66, 66, 66, 31, 23, and 16 patients at the 3, 6, 12,
24, 36, and 48 month follow-up. The baseline characteris-
tics of these 66 patients are presented in Table 1. The
average follow-up time was 34.2 � 10.8 months. The mean
duration of the RFA procedure was 40.15 min, and the
average hospitalization period was 2.3 days. The endo-
scopic image before and after the procedure are shown in
Figure 3.

Primary outcomes

The GERD-HRQL score significantly decreased by
14.7 � 7.2, 15.9 � 7.1, 16.7 � 7.5, 18.4 � 7.0, 18.2 �
7.3, and 16.1 � 7.5 at the 3, 6, 12, 24, 36, and 48 month
follow-up, respectively (all P < 0.001), suggesting that the
life quality of PPI-dependent GERD patients was signifi-
cantly improved following RFA (Fig. 4).

Secondary outcomes

Esophageal symptoms

RFA significantly improved heartburn, regurgitation, and the
chest pain score (3 month follow-up: mean decrease in
heartburn, 2.9 � 1.5; in regurgitation, 3.9 � 1.8; in chest
pain, 2.2 � 1.1; all P < 0.001; 6 month follow-up: mean
decrease in heartburn, 3.2 � 1.4; in regurgitation,
3.8 � 1.6; in chest pain, 2.4 � 1.1; all P < 0.001;
12 month follow-up: mean decrease in heartburn,
3.3 � 1.3; in regurgitation, 4.1 � 1.7; in chest pain,
2.4 � 1.3; all P < 0.001; 24 month follow-up: mean
decrease in heartburn, 3.8 � 1.5, P < 0.001; in regurgita-
tion, 4.0 � 1.9, P < 0.001; in chest pain, 3.3 � 0.6,
P = 0.010; 36 month follow-up: mean decrease in heart-
burn, 3.9 � 1.7; in regurgitation, 4.1 � 2.1, all P < 0.001;
48 month follow-up: mean decrease in heartburn, 3.9 � 2.0,
P = 0.001; in regurgitation, 4.9 � 1.8, P < 0.001. Almost
all patients reported that chest pain had not reached their
36 month follow-up at the time of analysis; Fig. 5).

Extraesophageal symptoms

Cough and pharyngalgia scores were also improved at all
follow-up periods except pharyngalgia at 36 and 48 month
(3 month follow-up: mean decrease in cough, 2.7 � 1.2; in
pharyngalgia, 2.9 � 1.0; all P < 0.001; 6 month follow-up:
mean decrease in cough, 3.1 � 1.4; in pharyngalgia,

Table 1 Baseline characteristics of enrolled patients

Variable Subjects (n = 66)

Age, years; mean (SD) 51.70 (14.23)

Female gender, n (%) 31 (47.0)

BMI, kg/m2; mean (SD) 23.40 (2.70)

Duration of disease, years; median [IQR] 3.00 [2.00, 5.00]

History of smoking, n (%) 58 (87.9)

History of alcohol intake, n (%) 53 (80.3)

Symptoms

Heartburn, n (%) 46 (69.7)

Acid regurgitation, n (%) 55 (83.3)

Chest pain, n (%) 10 (15.2)

Pharyngalgia, n (%) 10 (15.2)

Cough, n (%) 10 (15.2)

GERD-HRQL score, mean (SD) 24.39 (8.66)

24-h pH-impedance monitoring

AET, median [IQR] 7.55 [5.03, 12.47]

DeMeester score, median [IQR] 26.28 [17.06, 43.26]

LES pressure, median [IQR] 12.45 [10.00, 18.15]

AET, acid exposure time; BMI, body mass index; GERD-HRQL,

gastroesophageal reflux disease health-related quality of life; IQR,

interquartile range; LES, low esophageal sphincter.
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2.8 � 1.1; all P < 0.001; 12 month follow-up: mean decrease
in cough, 3.2 � 1.5; in pharyngalgia, 3.4 � 1.2; all
P < 0.001; 24 month follow-up: mean decrease in cough,
3.2 � 1.6,P = 0.001; in pharyngalgia, 4.0 � 1.4, P = 0.011;
36 month follow-up: mean decrease in cough, 3.4 � 1.6,
P = 0.001; in pharyngalgia, 4.0 � 1.7, P = 0.057; 48 month
follow-up: mean decrease in cough, 4.0 � 1.8, P = 0.001; in
pharyngalgia, 4.0 � 1.7, P = 0.057; Fig. 6).

Degree of satisfaction, PPI usage, and reflux
esophagitis

RFA significantly improved the degree of satisfaction and
reduced PPI usage at all follow-up periods (all P < 0.001).
The rate of satisfaction increased to 68.2% (45/66), 80.3%

(53/66), 87.9% (58/66), 80.6% (25/31), 82.6% (19/23), and
81.3% (13/16) at the 3, 6, 12, 24, 36, and 48 month follow-
up, respectively. PPI consumption was reduced in 84.8%
(56/66), 90.9% (60/66), 90.9% (60/66), 83.9% (26/31),
82.6% (19/23), and 87.5% (14/16) of patients at the 3, 6, 12,
24, 36, and 48 month follow-up, respectively. Of these,
34.8% (23/66), 54.5% (36/66), 56.1% (37/66), 58.1%
(18/31), 56.5% (13/23), and 62.5% (10/16) patients stopped
PPI use (Figs. 7,8).
Preoperatively, severity grade by the Los Angeles

classification was: grade A, 24.2% (15/62); grade B,

Figure 3 Endoscopic images (a) before and (b) after the procedure.

Figure 4 Gastroesophageal reflux disease health-related

quality of life (GERD-HRQL) changes after radiofrequency

ablation (RFA). Significant reductions in GERD-HRQL scores

at 3, 6, 12, 24, 36, and 48 month (mo) follow-up following

RFA. ***P < 0.001 when compared with baseline.

Figure 5 Esophageal symptoms changes after radiofre-

quency ablation (RFA). Significant reductions in esophageal

symptom scores (heartburn, regurgitation, and chest pain)

at 3, 6, 12, 24, 36, and 48 month (mo) follow-up following

RFA. **P < 0.01, ***P < 0.001 when compared with

baseline.
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16.1% (10/62); and no esophagitis, 59.7% (37/62). After
RFA, grade A esophagitis, grade B esophagitis, and no
esophagitis were observed in 19.4% (12/62), 4.8% (3/62),

and 75.8% (47/62) of patients, which was not statistically
significant compared with preoperatively (Fig. 9).

Indicators of pH-impedance monitoring and
esophageal manometry

In our study protocol, 24-h pH-impedance monitoring and
esophageal HRM were performed at baseline and 12 month
follow-up. However, the procedure is invasive and cannot be

Figure 6 Extraesophageal symptoms changes after radio-

frequency ablation (RFA). Significant reductions in extra-

esophageal symptom scores (cough and pharyngalgia) at

3, 6, 12, 24, 36, and 48 month (mo) follow-up following

RFA except pharyngalgia at 36 and 48 months. *P < 0.05,

***P < 0.001 when compared with baseline.

Figure 7 Degree of satisfaction with life quality before

and after treatment. The radiofequency ablation signifi-

cantly improved the degree of satisfaction with life quality

at 3, 6, 12, 24, 36, and 48 month (mo) follow-up.

***P < 0.001 when compared with baseline.

Figure 8 Degree of proton pump inhibitor (PPI) consump-

tion before and after treatment. The radiofrequency

ablation significantly reduced PPI usage at 3, 6, 12, 24,

36, and 48 month (mo) follow-up. ***P < 0.001 when

compared with baseline.

Figure 9 Grade of reflux esophagitis before and after

treatment. No significant change in the severity grade with

Los Angeles classification was observed before and after

the radiofrequency ablation. NE, no esophagitis; mo,

month.
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tolerated by some patients. Only 42 patients with complete
baseline and 12 month follow-up data were studied. The
results showed that the AET and DeMeester score, but not
LES pressure, were significantly lower than those before
RFA (decrease in AET, 4.35 [2.43–7.63], P < 0.001; in
DeMeester score, 15.9 [10.23–30.08], P < 0.001; in LES
pressure, �1.45 [�4.85–0.68], P = 0.024; Fig. 10).

Variables associated with complete
remission following RFA

In order to explore which subtype of PPI-dependent GERD
patients may benefit more from RFA, a multivariate logistic
regression model was used to identify the relationship
between clinical characteristics at baseline and complete
remission (50% reduction in GERD-HRQL score and no
PPI use) at the 12 month follow-up after RFA. For each
continuous variable, the cut-off was identified using the best
cut-off to predict complete remission with the highest
Youden’s index. In multivariate regression analysis, age,
body mass index (BMI), AET, and LES pressure were
included in the final regression model, but only age
<66.5 years, BMI ≥23.3, and LES pressure ≥16.25 were
the independent indicators for complete remission following
RFA (Table 2).

Nomogram based on age, BMI, baseline AET,
and LES pressure to predict complete
remission following RFA

A nomogram based on the final multivariate logistic
regression model was developed to predict complete
remission following RFA (Fig. 11). In this model, the sum
of the point of each variable could be converted into the
probability of complete remission. The cut-off of this model
was identified using the best cut-off with the highest Youden’s

index (total points = 21.2, sensitivity = 0.61, specific-
ity = 0.87, positive predictive value = 0.85, negative predic-
tive value = 0.65, Youden’s index = 0.48), which was used
to divide the total points into the low-score and high-score
group. The nomogram showed good discrimination in the
prediction of complete remission following RFA
(AUC 0.819) and outperformed the predictive model using
single indicators (age, BMI, AET, and LES pressure; Fig. 12).

Adverse events

Some patients experienced temporary minor adverse events,
including sore throat (63.6%), transient nausea/vomiting
(33.3%), retrosternal discomfort (27.3%), low-grade fever
(24.2%), belching (16.7%), transient dysphagia (12.1%),
and abdominal distension (9.1%). In addition, one patient
(1.5%) developed gastroparesis after treatment and was
discharged from the hospital 10 days after rehospitalization.
One patient (1.5%) developed upper gastrointestinal bleed-
ing 7 days after treatment, and a review of gastroscopy
showed one ulcer in the fundus; the patient recovered and
was discharged 7 days after rehospitalization. No deaths
occurred (Table 3).

DISCUSSION

PPIS HAVE BEEN widely used for the management of
GERD.14–19 However, long-term use of PPIs can greatly

reduce life quality and lead to adverse reactions.3,4 Previous
studies have shown the promising efficacy of endoscopic
RFA in GERD patients. However, there are few studies in
China.5,6,20,21 In the present study, the results showed that
RFA significantly improved life quality by reducing both
esophageal and extraesophageal symptoms. It also led to a
reduction in PPI use and improved patients’ satisfaction of
life, which was similar to previous studies.4–6,22,23

Figure 10 Indicators of pH-impedance monitoring and esophageal manometry before and after treatment. (a) Acid exposure

time and (b) DeMeester score, but not (c) lower esophageal sphincter (LES) pressure, were significantly lower than those before

radiofrequency ablation. mo, month; ns, nonsignificance. *P < 0.05, **P < 0.01.
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There is a lack of consistency in the objective parameters
(such as AET and LES pressure) of RFA in the current
literature.5–7,9,22 In our study, AET and DeMeester score, but
not LES pressure, were significantly lower than those at
baseline, which was consistent with a recent meta-analysis
study.23 However, it is noteworthy that more than 30% of
patients still had higher AET than normal after RFA, and
LES pressure did not change significantly compared with
that before RFA, indicating that the effect of RFA on local
tissue structures may not fully explain the improvement of
symptoms in patients.24–26

To the best of our knowledge, no previous studies have
investigated the factors associated with the favorable

efficacy of RFA and which subtype of PPI-dependent
patients may benefit more from this treatment. In our study,
younger age, higher BMI, lower AET, and higher LES
pressure at baseline were found to be associated with a
higher likelihood of achieving complete remission. Joel
et al.27 also found that RFA is effective for treating
refractory GERD, especially in younger patients. The lower
AET and higher LES pressure in GERD patients represented
a lower prevalence of acid reflux and a more complete LES
function, respectively. Thus, a better therapeutic effect of
single RFA may be found in these patients. We also
developed a nomogram based on these factors, including
age, BMI, baseline AET, and LES pressure, which exhibited

Table 2 Results of logistic regression model using complete remission as the outcome measure

Univariate Multivariate

OR (95% CI) P-value OR (95% CI) P-value

Age 0.18 (0.04–0.68) 0.017 0.09 (0.01–0.52) 0.008

Female gender 1.31 (0.49–3.50) 0.589 – –
BMI 2.65 (0.99–7.38) 0.055 6.14 (1.61–23.4) 0.008

Smoking 1.23 (0.27–5.67) 0.783 – –
Drinking 0.70 (0.19–2.38) 0.573 – –
Heartburn 0.73 (0.24–2.09) 0.558 – –
Acid regurgitation 1.00 (0.26–3.70) 1.000 – –
Chest pain 2.17 (0.54–10.9) 0.294 – –
Pharyngalgia 2.17 (0.54–10.9) 0.294 – –
Cough 0.30 (0.06–1.20) 0.103 – –
AET 0.38 (0.13–1.05) 0.067 0.28 (0.08–1.04) 0.058

DeMeester score 0.48 (0.17–1.26) 0.140 – –
LES pressure 4.47 (1.48–15.63) 0.011 6.41 (1.59–25.8) 0.009

AET, acid exposure time; BMI, body mass index; CI, confidence interval; LES, low esophageal sphincter; OR odds ratio.

Figure 11 Nomogram based on the final multivariate logistic regression model to predict complete remission following

radiofrequency ablation. Age, body mass index (BMI), acid exposure time (AET), and lower esophageal sphincter (LES) pressure

were included in the final regression model.
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good discrimination in predicting complete remission
following RFA. This nomogram has potential for future
clinical practice. However, the predictive ability and
generalization of this nomogram have not been validated
in other large prospective cohorts and requires further
exploration and validation.

In our study, RFA demonstrated a high level of safety.
However, we observed one case of gastroparesis, with an
incidence rate (1.5%) higher than that reported in previous
studies,23,28 suggesting that it is still necessary to compre-
hensively assess the risk–benefit ratio before RFA. Addi-
tionally, one patient experienced postoperative upper
gastrointestinal bleeding and required rehospitalization. This
adverse event may be attributed to the patient’s failure to
strictly follow postoperative instructions, indicating the
significance of emphasizing perioperative management.
Several limitations in this study should be acknowledged.

First, we were unable to include a sham-controlled group
due to study conditions. Additionally, as esophageal HRM
and 24-h pH-impedance monitoring is invasive, some
patients refused review after RFA, resulting in missing data
and potentially impacting the assessment of the treatment
effects to a certain extent.
In conclusion, our research confirmed the value of

endoscopic RFA in the management of PPI-dependent
GERD with regard to improvement in quality of life,
symptom relief, satisfaction, and PPI consumption. Younger
age, higher BMI, lower AET, and higher LES pressure at
baseline may predict better therapeutic effects.
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Figure 12 A nomogram based on age, body mass index

(BMI), baseline acid exposure time (AET), and lower

esophageal sphincter (LES) pressure to predict complete

remission following radiofrequency ablation (RFA). The

nomogram showed a good discrimination in prediction of

complete remission following RFA (area under the curve

[AUC] 0.819) and outperformed the predictive model using

a single indicator (age, BMI, AET, and LES pressure). NPV,

negative predictive value; PPV, positive predictive value;

Sen, sensitivity; Spe, specificity.

Table 3 Adverse events after radio frequency ablation in

enrolled patients

Adverse events, n (%) Subjects (n = 66)

Perforation 0 (0.0)

Hematemesis 1 (1.5)

Gastroparesis 1 (1.5)

Sore throat 42 (63.6)

Retrosternal discomfort 18 (27.3)

Dysphagia 8 (12.1)

Fever 16 (24.2)

Nausea 22 (33.3)

Belching 11 (16.7)

Abdominal distension 6 (9.1)
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obtained, and included in the study. Therefore, IRB approval
was obtained in Tongji Hospital, and Renji Hospital
contributed mainly to participant screening and enrolment.

Informed Consent: All participants provided written
informed consent.

Registry and the Registration No. of the study/trial: The
trial was registered at ClinicalTrials.gov under identifier
INR: 16009470.

Animal Studies: N/A.
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