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Abstract
Background: Pneumatic balloon dilation (PBD) is a first line treatment for idiopathic achalasia. Here we report the safety and 
efficacy of graded gradual PBD on short and long-term follow-up.
Methods: We evaluated 1370 idiopathic achalasia patients over a period of 24 years (1994-2018), prospectively. 216 patients did 
not undergo PBD due to comorbid diseases. Ultimately, 1092 achalasia patients were enrolled. All patients underwent graded 
gradual PBD, with repeat dilation if symptoms relapsed. Response to treatment was evaluated by Vantrappen scoring system.
Results: Of 1092 achalasia patients, 937 patients were treated by PBD and 155 patients were treated by combined therapy (PBD 
1 month after Botulinum toxin injection). In short-term follow-up, 728 of 1092 patients underwent one PBD and 77.3% of them 
had excellent or good response (responders), 163 patients (58.6%) who underwent two PBDs were responders, and 44 (51.2%) 
patients who underwent three PBDs were responders. Overall, 2193 balloon dilations were performed on 1092 patients (mean 
2 PBDs/patient). Of 786 patients with long-term follow-up, 259 patients had excellent or good response with one PBD. The 
responders with two, three, and four or more dilations were 149, 67, and 67, respectively. The overall response rate was 69%. No 
any serious complications were noted by using the graded gradual method.
Conclusion: Our results show that graded gradual PBD is a safe and effective method for treatment of achalasia patients, and 
achieves sufficient short and long-term symptomatic remission with high cumulative success rate.
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Introduction
Achalasia is an uncommon motility disorder of the 
esophagus influencing both sexes with equivalent 
occurrence and a prevalence of 0.5–1/10 000.1 It is usually 
diagnosed between the third and sixth decades of life,1,2 
although it may occur at any age.

Aperistalsis and incomplete lower esophageal sphincter 
(LES) relaxation are the principal characteristics 
for achalasia.3 Therapeutic options for achalasia 
include endoscopic pneumatic balloon dilation 
(PBD),1 intrasphincteric botulinum toxin injections,4 
ethanolamine oleate injections,5,6 peroral endoscopic 
myotomy, and surgical treatments such as minimally 
invasive laparoscopic or thoracoscopic cardiomyotomy.7-9 
PBD has been a well-established treatment for many years, 
and is a relatively inexpensive outpatient procedure10 
associated with high success rates ranging from 70% 
to 90%.11 Esophageal perforation is the most serious 
complication that occurs in about 2–4% of cases. High 
dilation pressures, balloon instability, repeated dilations in 

one session, high-amplitude contractions, longer duration 
of symptoms, age > 65 years, and presence of esophageal 
diverticula are considered risk factors for esophageal 
perforation in PBD.12-14 A graded balloon dilation 
technique has been shown to reduce the risk of perforation 
significantly.15 In our previous studies, after switching to 
the graded gradual method for balloon dilation, the risk 
of perforation was reduced to zero.16,17

Given the rarity of the disease, long-term data on the 
efficacy of PBD in a large series of achalasia patients are 
scarce. Here, we aimed to report the safety and efficacy 
of graded PBD technique in a large cohort of achalasia 
patients over long-term follow-up.

Materials and Methods
Patients
We prospectively enrolled 1370 adult patients with 
idiopathic achalasia referring to Shariati Hospital in 
Tehran over a period of 24 years from 1994 to 2018. 
Patients under 14 years of age were referred to the Pediatric 
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Gastroenterology ward and were not included in this study. 
Two hundred sixteen patients with comorbid diseases and 
those who were poor candidates for PBD were treated by 
botulinum toxin or ethanolamine oleate injection and 
excluded from the study. In our first group of 62 patients 
in 1994, the initial session of PBD was performed with 
a 35mm balloon with perforations occurring in three 
patients.18 Therefore, we excluded our first 62 patients and 
enrolled a subsequent cohort of patients who underwent 
graded gradual PBD. 

In total, 1092 achalasia patients participated in this study. 
Achalasia was diagnosed based on clinical presentation, 
radiographic features (timed barium esophagogram), 
and endoscopic and manometric findings.18 All patients 
signed the informed consent after a full discussion of 
risks, benefits, and alternatives of treatments. All patients 
underwent graded gradual PBD with repeat dilation 
performed in patients with symptom relapse. Patients who 
had rapid relapse, defined as less than 6 months after three 
sessions of PBD, and those who did not agree to surgery, 
underwent combined treatment of botulinum toxin 
injection and re-dilation after one month as described.19 

Patients’ symptoms were scored according to the 
Achalasia Symptoms Score (ASS) (Tables 1 and 2). A 
questionnaire was completed including patient’s name, 
gender, age, telephone number, baseline symptoms and 
their duration and frequency, aggravating and alleviating 
factors of dysphagia, family history, medical history, 
timed barium esophagogram (TBE) findings, endoscopic 
and manometric findings, type of treatment sessions, 
and symptoms on follow-up. Baseline characteristics are 
reported in Table 3. Response to treatment was documented 
using the Vantrappen scoring system (Table 4). 

Symptom scores were assessed by a physician (MD), 
and all of the PBDs were performed under supervision 
of one gastroenterologist who is experienced in PBD 
(J.M).5,6,16,17,20,21

Pneumatic Balloon Dilation 
PBDs were performed using a Rigiflex balloon (Boston 
Scientific Corporation, Natick, MA), with a graded scale 
under direct endoscopic visualization. Conscious sedation 
was given using intravenous meperidine (25–50 mg) and 
diazepam (5–10 mg) after a clear liquid diet for 24h and 
an overnight fast. After 2015, PBDs were performed with 
deep sedation using fentanyl (1–2 µg/kg), midazolam 
(0.05 mg/kg), and propofol 20 mg bolus with 0.025–0.075 
mg/kg/min infusion by an anesthesiologist. Following 
a complete esophagogastroduodenoscopy, a 0.035 mm 
guide wire was placed in the antrum and a balloon dilator 
was passed over it. The center of the Rigiflex balloon 
was placed at the gastroesophageal junction under video 
endoscopic guidance. 

The 30 mm balloon was inflated from 3 psi with 
increase in 3 psi every 10 seconds up to 15 psi over 40 
seconds and maintained for another 60 seconds. After 
deflation of the balloon and advancement into the 
stomach, the gastroesophageal junction was reassessed 
endoscopically for any evidence of severe bleeding or 
perforation. Mild oozing of blood was an expected 
finding after balloon dilation due to mucosal disruption. 
The patients were discharged after 3 hours of observation. 
If tachycardia or persistent chest pain developed post-
procedure, a gastrografin swallow was completed to rule 
out perforation. 

In the follow-up period, patients who had relapse of 
symptoms underwent TBE and if barium retention was 
noted at 5 minutes, re-dilation was performed. In the case 
of symptomatic relapse but normal timed esophagogram, 
TBE was repeated after 3 months and if objective 
(radiographic) relapse was confirmed, retreatment was 
recommended. For these patients, the graded PBD 
method was applied by performing balloon dilation to 35 
mm for the first relapse. For patients with a second relapse, 
we performed balloon dilation to 35 mm if the relapse 

Table 1. Achalasia Symptoms Score

Symptom Each meal Daily Weekly None

Dysphagia to solids 3 2 1 0

Dysphagia to liquids 3 2 1 0

Active regurgitation 3 2 1 0

Passive regurgitation 3 2 1 0

Chest pain 3 2 1 0

Table 2. Severity Score of Dysphagia for Every Swallow

Severity Score Description

No dysphagia 0 Normal passage of food from LES zone.

Mild dysphagia 1
Sensation or short delay of passage of food 
from LES, without need for water.

Moderate dysphagia 2
Need for water for passage of food from 
LES zone.

Severe dysphagia 3
Accompanied by passive or active 
regurgitation.

Table 3. Baseline Characteristics of the Study Population

Characteristics Mean ± SD

Age (y) 38.4 ± 15 

Sex (M/F) 547/545 

Duration of symptoms before diagnosis (year) 4.2 ± 4.6 

Initial symptom score 10.1 ± 3.2

Initial LES pressure (mm Hg) 39.7 ± 23.8 (n = 662)

LES, lower esophageal sphincter.

Table 4. Vantrappen Scoring System

Class Dysphagia

Excellent Completely free of symptoms.

Good
Occasional (less than once a week) dysphagia or pain of short 
duration defined as retrosternal hesitation of food lasting from 
2–3 s to 2–3 min and disappearing after drinking fluids.

Moderate
Dysphagia more than once a week lasting less than 2–3 min 
and not accompanied by regurgitation or weight loss.

Poor
Dysphagia more than once a week or lasting 2–3 min or 
longer or accompanied by regurgitation or weight loss.
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occurred after more than 6 months from the second PBD 
and to 40 mm if the relapse occurred less than 6 months 
after the second PBD. In 50 patients whose symptoms 
relapsed more than 1 year after the last PBD and with tight 
LES on endoscopy, we repeated balloon dilation to 30 mm.

Symptomatic Response
The questionnaire included clinical data such as the 
achalasia symptom score (ASS) similar to our previous 
studies.5,6,9,16 The severity of each symptom was recorded 
on a scale of 0 to 3, depending on its frequency.  The five 
cardinal symptoms scores were added to the severity score 
of dysphagia (Tables 1 and 2), summing to a maximum 
score of 18. Good clinical response was defined as a 
decrease in ASS to 4 or less, and absence of regurgitation 
or severe dysphagia. Clinical relapse was considered if the 
severity score of dysphagia had an increase of 2 or more 
points after an initial good clinical response. We considered 
a patient in a sustained good response if they remained in 
clinical remission (ASS ≤ 4) one year after treatment and 
at follow-up intervals. The patients were followed by clinic 
visits or phone interview every 6 months and at the end of 
follow-up. Patients were told to refer for re-evaluation if 
they had severe dysphagia or regurgitation.

At the end of follow-up, the Vantrappen score was used 
for evaluation of response to treatment and classified as 
follows: excellent, good, moderate, and poor. Patients with 
excellent or good responses were considered responders 
to treatment.11

Out of 1092 patients, 786 (72%) were followed for more 
than 1 year. No perforation or any serious complications 
such as severe bleeding or intramural hematoma occurred 
using the graded gradual method.

Thirty-four of the 1092 patients (3.1%) were observed 
in the hospital more than 3 hours following PBD due to 
persistent or recurrent pain. Chest x-ray, gastrografin 
swallow, and CT scan of the chest showed no incidences 
of perforation in these patients, and they were discharged 
from the hospital within 24 hours.

Statistical Analysis
Continuous variables were reported as mean ± standard 
deviation or median (interquartile range). Categorical 
variables were reported as frequency (percentage). The 
mean ASS of patients was compared between baseline and 
follow-up using paired sample t-test. 

In order to explore the impact of important risk 
factors on survival time in long-term follow-up, a Cox 
proportional hazards model was used. The time between 
treatment initiation and the last follow-up was considered 
as survival time. Changes in phone numbers or addresses, 
death, or noncompliance were the most common reasons 
for loss to follow-up and were considered as censored, 
and non-responders were considered as an event. Hazard 
ratios (HRs) were obtained for potential risk factors. 
Variables with P value < 0.2 were entered in a multiple Cox 
model. Using a stepwise model, non-significant variables 

were excluded and significant risk factors were found. We 
checked proportionality by including time-dependent 
covariates in the model.

Statistical analysis was performed using STATA (version 
14; STATA Inc., College station, TX, USA), with P < 0.05 
and confidence interval at 95% considered as significant.

Results
Of the 1092 achalasia patients included in this study 
during the 24-year study period, 547 (50.1%) were men 
and 545 (49.9%) were women. The mean ± SD age of our 
patients was 38.4 ± 15 years. The mean ± SD duration 
of symptoms before diagnosis was 4.2 ± 4.6 years. The 
prevalence of symptoms related to achalasia is shown in 
Figure 1; the most common were dysphagia to solids and 
liquids at 98.8% and 87.6%, respectively. Aggravating and 
alleviating factors of dysphagia are listed in Table 5.

The mean ± SD LES pressure before treatment in 662 
patients with available manometry data was 39.7 ± 23.8 
mm Hg. The mean ASS of patients decreased from 
10.1 ± 3.2 before treatment to 4.90 ± 4.7 at 1 year after 
treatment (P < 0.001) and 2.9 ± 3.1 at the final follow-up 
(P < 0.001). 

Of the 1092 patients, 937 (85.8%) were treated by PBD 
only. One hundred fifty-five (14.2%) patients were treated 
by combined therapy. In total, 2193 balloon dilations were 
done for 1092 patients with an average of 2 balloons per 
patient. Of these dilations, 1142 balloons were dilated 
to 30 mm, 944 balloons were dilated to 35 mm and 107 

Figure 1. Frequency of Achalasia Symptoms.

Table 5. Aggravating and Alleviating Factors of Dysphagia

Aggravating factors

•	 Only during stressful eating 10.1%

•	 Only during hurried eating 25.5%

•	 Both during stressful and hurried eating 69.5%

Alleviating factors

•	 Water drinking 69.6%

•	 Back straightening 34.6%

•	 Standing & walking 25.8%

•	 Deep breathing 7.2%

•	 Valsalva maneuver 6.7%

•	 Massage on sternum 6.5%
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balloons were dilated to 40 mm. No perforation or any 
serious complications such as severe bleeding occurred 
using the graded gradual method.

Short-term Outcomes of Pneumatic Balloon Dilation
The Vantrappen achalasia questionnaire was used to 
evaluate treatment efficacy. All patients were followed 
and response to treatment was assessed at 1 year after 
first PBD. Of the 1092 patients, 728 (66.7%) had only 1 
dilation, while 278 (25.5%) had 2 dilations and 86 (7.8%) 
had 3 dilations as primary therapy during the first 12 
months from initiation of therapy. 

Of 728 patients with one PBD, 563 (77.3%) had excellent 
or good response. Of 278 and 86 patients with second or 
third PBD, 163 (58.6%) and 44 (51.2%) had excellent or 
good responses, respectively according to Vantrappen 
scoring (Table 6). 

Table 6 shows the number of PBDs and Vantrappen 
score at 1 year after treatment according to sex. Out of 
361 women with one PBD, 277 (76.7%) were responders 
defined by an excellent or good response on Vantrappen 
score; of 367 men who underwent one PBD, 286 (77.9%) 
were responders. Men and women were not different 
when comparing the number of successful (P = 0.6) or 
failed PBDs (P = 0.7).

The median (IQR) time between the first (dilation to 
30 mm) and second PBD (dilation to 35 mm) was 3.9 
(2.3–6.6) months, and between the second (dilation to 35 
mm) and third (dilation to 40 mm) PBD was 3.7 (2.5–5.7) 
months.

Long-term Outcomes of Pneumatic Balloon Dilation
Seven hundred eighty-six patients were followed for 
more than one year, with a median follow-up of 8.8 
years (IQR: 6.4–16.9 years). Response to treatment was 
excellent in 269 (34.2%), good in 273 (34.7%), moderate 

in 156 (19.8%) and poor in 88 (11.2%). Overall, 69% 
(542 cases) were considered responders to treatment 
(Table 7). Of the responders, PBD was performed once 
in 47.8% (n = 259) of patients, twice in 27.5% (n = 149), 
three times in 12.4% (n = 67), and four or more times in 
12.2% (n = 67) over 24 years of follow-up. Patients in the 
moderate response group, according to Vantrappen score, 
did not have severe dysphagia, regurgitation, or weight 
loss. They often tolerated their symptoms and did not seek 
more aggressive therapeutic options such as surgery. On 
long-term follow-up of 357 patients who underwent one 
dilation, 98 (27.5%) patients were non-responders, and 
of 228 patients with two dilations, 34.7% of patients were 
non-responders. Of 105 patients with three dilations, 38 
(36.2%) patients were non-responders, and of 96 patients 
who underwent four or more dilations, 29 (30.2%) patients 
were non-responders (Table 7). At the end of follow-up, 
49 (6.2%) patients were referred for cardiomyotomy due 
to multiple relapses and resistance to PBD. There was 
significant difference between the number of responders 
and non-responders in patients who underwent one PBD 
compared to multiple PBDs (P < 0.001).

The median duration of remission with good or 
excellent response was 6.9 years (IQR: 4.7–15) for one 
PBD, 6.2 years (IQR: 3.9–11.6) for two PBDs, and 4.7 years 
(2.3–8.5) for three PBDs.

There was no significant difference in follow-up time 
between patients with successful versus failed PBDs 
(P = 0.4).
 
Predictors of Response
Factors such as age, first symptoms, total symptom score 
at baseline, manometric findings (LES pressure and type 
of achalasia) and TBE (height and volume of the barium 
at 5min) were assessed as predicting factors for response 
to PBD at one year after first PBD. Patients with lower 

Table 6. Number of PBD and Vantrappen Score at 1 Year After Treatment According to Sex (Excellent or Good Scores Defined as Responder, Moderate or Poor 
Scores Defined as Non-responder)

Times
Male Female Total

Responders Non-responders Responders Non-responders Responders Non-responders

1 286 (77.9) 81 (22.1) 277 (76.7) 84 (23.3) 563 (77.3) 165 (22.7)

2 80 (62) 49 (38) 83 (55.7) 66 (44.3) 163 (58.6) 115 (41.4)

≥ 3 24 (47) 27 (53) 20 (57.1) 15 (42.9) 44 (51.2) 42 (48.8)

Total 390 (71.3) 157 (28.7) 380 (69.7) 165 (30.3) 770 (70.5) 322 (29.5)

Table 7. Number of PBD and Vantrappen Score at Final follow Follow-up by Sex (Excellent or Good Scores Defined as Responder, Moderate or Poor Scores 
Defined as Non-responder).

Times
Male Female Total

Responders Non-responders Responders Non-responders Responders Non-responders

1 128 (73.14) 47 (26.86) 131 (71.98) 51 (28.02) 259 (72.5) 98 (27.5)

2 76 (67.86) 36 (32.14) 73 (62.93) 43 (37.07) 149 (65.3) 79 (34.7)

3 37 (64.91) 20 (35.09) 30 (62.5) 18 (37.5) 67 (63.8) 38 (36.2)

≥ 4 32 (66.67) 16 (33.33) 35 (72.92) 13 (27.08) 67 (69.8) 29 (30.2)

Total 273 (69.64) 119 (30.36) 269 (68.27) 125 (31.73) 542 (68.9) 244 (31.1)
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baseline symptom score (P = 0.005, Adjusted HR (95% 
CI): 1.09 (1.02–1.15)), higher baseline LES pressure 
(P < 0.001, Adjusted HR (95% CI): 0.98 (0.97–0.99)), and 
a family history of achalasia had better response to the 
treatment (p = 0.006, Adjusted HR (95% CI) = 2.10 (1.24–
3.57) (Table 8). Other factors did not have an effect on 
rates of clinical response.

Discussion
PBD is recommended as a first line treatment choice to 
obtain long-term responsiveness.22 Some studies found 
that surgical myotomy had better long-term clinical 
response than PBD,23 while others reported similar efficacy 
or superiority of PBD.24-26 A randomized controlled trial 
by Kostic et al found that laparoscopic myotomy had 
potential superiority over PBD after 12 months of follow-
up.25 In another randomized trial comparing laparoscopic 
Heller myotomy (LHM) with PBD by Boeckxstaens et al, 
the rate of treatment success was similar at 90% with LHM 
and 86% with PBD after 2 years. Esophageal emptying as 
measured by the height of barium-contrast column, LES 
pressure, and quality of life were also similar between the 
two groups.24 

The European achalasia trial compared the long-term 
response of PBD and LHM showing similar success rates 
after five years – 82% and 84%, respectively.27 However, 
25% of PBD patients required repeat dilation during 
follow-up. Lynch et al studied 463 patients with achalasia 
who had PBD or LHM, and concluded that in the hands 
of experienced operators, PBD was safer and had a lower 
mortality rate.28

In this study, we report our experience with a large cohort 
of achalasia patients who were treated by graded gradual 
PBD technique over 24 years of the study period. Patients 
were assessed and treated by a single physician (J.M.). We 
showed that PBD is an effective and safe procedure with 
an overall response rate of 69%. Long-term single-center 
data on efficacy of PBD is scarce. 

 We have shown that according to the Vantrappen 
criteria, one PBD alone led to treatment success in short-
term follow-up at one year in 77.3% patients, which is 
in line with previous studies.22,29,30 However, in the long-
term (more than one year), the success rate of one session 
of PBD declined to 33%. This is similar to studies with 
long-term follow-up reporting a success rate of 30% to 
40%.31,32 We came across different protocols for PBD in 
achalasia patients while reviewing the literature.22 The 
success rates of endoscopic management of achalasia vary 
according to the criteria used to define clinical response 

and heterogeneities in technical approaches. The present 
study defined treatment success using the Vantrappen 
system score.

Our study found that on long-term follow-up of more 
than 1 year, 33% of patients were responders after a single 
PBD with 30mm balloon, a cumulative 52% of patients 
were responders with second dilation. At the end of 
follow-up with repeated dilations, we achieved an overall 
response rate of 69%. In agreement with our results, 
previous studies have demonstrated that the need for re-
dilation in case of recurrent symptoms after PBD increases 
treatment success rates.33 Longer remission of symptoms 
was not seen in those with subsequent PBDs.30,34 While 
a few studies have shown that other treatments such as 
surgery maintain remission for a longer period of time,35 
others report achieving long-term remission with PBD.30,34

In our study, more than half of the patients who 
underwent subsequent PBDs after the second dilation had 
a durable response at 1 year after treatment. While some 
studies suggest a lower likelihood of sustained remission 
after two failed dilations,6,20 our data suggest that surgery 
could be reserved for patients with more unsuccessful 
pneumatic dilations. Among patients with unsuccessful 
frequent PBDs (> 3 sessions within 1 year and ASS of more 
than 4 at 1 year after treatment), the majority declined 
surgery and underwent a protocol of combined treatment 
with botulinum toxin injection followed by PBD after one 
month. Of these patients, 77% had durable response for 1 
year (17) and it may be therefore suggested as an approach 
in such patients.11,17,33

In a prior study, there was no significant difference 
in baseline LES pressure between successful or failed 
treatment.35 A higher LES pressure was shown to be a 
possible predictor of symptom recurrence after PBD.32 
However, in our study, patients with higher LES pressure 
at baseline had better response to treatment. Eckart and 
colleagues concluded that the balloon size could predict a 
successful result after one session of PBD32; however, the 
present study did not find a higher chance of re-dilation 
when we used a small balloon.

A major complication of PBD is esophageal perforation. 
Some studies report esophageal perforation rates in 
the range of 1–2%24,25,28,30 and others report a range of 
2–4%.19,27,29,31 However, in our study, no esophageal 
perforation was seen in 2193 PBDs in 1092 achalasia 
patients with a graded gradual dilation method. In our 
approach to PBD, we positioned the balloon under direct 
videoendoscopic visualization, which compared to PBD 
under fluoroscopy, is simpler and less costly, and is still 
associated with an acceptable efficacy and high safety.11,17,33 

The strength of our study is that it presents long-term 
data from a large cohort of achalasia patients treated 
with graded gradual PBD as their first therapy in a single 
referral center with no major complications. However, our 
study has some limitations. First, we did not assess the 
rate of gastroesophageal reflux (GER) after PBD with 24 h 
pH metry. It is difficult to distinguish GER from achalasia 

Table 8. Predictors of Response to Therapy Using Multiple Cox Model (N at 
analysis = 414)

Adjusted HR (95% CI) P Value

Total symptom score 1.09 (1.02–1.15) 0.005

LES pressure 0.98 (0.97–0.99)  < 0.001

Family history of achalasia 2.10 (1.24–3.57) 0.006

LES, lower esophageal sphincter.
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because of the similarity of symptoms such as heartburn, 
chest pain and dysphagia in both conditions. In our 
database, only 31 patients who underwent endoscopy 
because of symptomatic relapse had erosive GER. Second, 
some patients were lost in long-term follow-up due to 
change in contact information. We reduced this limitation 
by asking for more than one contact number or sending a 
letter to their address.

In conclusion, our results show that graded gradual PBD 
is an effective and safe method for treatment of achalasia 
patients, and achieves sufficient short- and long-term 
symptomatic remission with a high cumulative success 
rate.
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