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Abstract 

Background: During the natural course of eosinophilic esophagitis (EoE), the risk for 

esophageal stricture formation increases. It remains unknown whether motility 

abnormalities in EoE also develop over time. We aimed to determine the relationship 

between disease duration, clinical characteristics, and manometric pattern of EoE patients.  

Methods: We compared esophageal high-resolution manometry (HRM) measurements of 31 

adult EoE patients with HRM data from 31 GERD controls and 31 healthy controls. 

Subsequently, we assessed differences in disease duration and clinical characteristics 

between EoE patients with normal and those with abnormal esophageal motility.  

Key Results: In EoE patients, peristaltic integrity was more frequently failed (12 vs 6%) or 

weak (27 vs 15%; P<0.001) compared with healthy controls; however, this pattern was also 

seen in GERD controls (failed 14%, weak 27%). We found no differences regarding symptoms 

and signs of EoE between EoE patients with normal (42%) and abnormal motility (58%). 

However, disease duration was longer in EoE patients with abnormal motility than in those 

with normal motility (13 (6-18) years vs 4 (1-11) years; P<0.05). In EoE, but not GERD, disease 

duration was identified as a risk factor for abnormal motility (OR for each year 1.142; 95% CI 

1.004-1.299), and with longer disease duration, the prevalence of abnormal motility 

increased from 36% (duration 0-5 years) to 83% (duration ≥16 years; P<0.05). 

Conclusions & Inferences: Weak and failed peristaltic integrity are more often present in 

adult EoE patients than in healthy controls. The prevalence of manometric abnormalities in 

EoE patients increases with longer disease duration. 
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Introduction 

Eosinophilic esophagitis (EoE) is an increasingly recognized chronic inflammatory disease of 

the esophagus.
1,2

 Adult EoE patients frequently suffer from dysphagia and/or food 

impaction, and often require acute endoscopic food bolus removal.
1
 

Dysphagia in EoE patients is commonly attributed to esophageal stricturing. However, many 

patients without fibrostenotic features of EoE suffer from dysphagia as well.
3
 Therefore, 

esophageal motility abnormalities have been proposed as an alternative explanation for 

dysphagia.
4
 For instance, eosinophilic and mastocytic infiltration and degranulation in the 

esophageal mucosa, which are histopathological key features of EoE, may cause fibrosis but 

also induce smooth muscle spasms via secretion of TGF-β.
5
 Another cause of dysphagia in 

EoE may be rigidity of the esophageal wall.
6
 

Esophageal motility is evaluated using manometry.
7
 Conventional and high-resolution 

manometric studies have demonstrated a variety of motility disorders, which were present 

in 0-90% of EoE patients.
4,8-22

 The observed motility patterns are not specific for EoE, and 

range from absent peristalsis to achalasia, diffuse esophageal spasm, nutcracker esophagus, 

panesophageal pressurization, and ineffective peristalsis (Table S1). Manometry does not 

seem useful for the diagnosis or management of EoE. However, the correlation between 

manometric patterns and clinical characteristics of EoE patients has been insufficiently 

studied, and has not been examined using high-resolution manometry (HRM).
14,17,18,20

 

Recently, delay in diagnosis was identified as a risk factor for esophageal stricture formation 

in EoE patients.
3
 In other words, the prevalence of esophageal strictures increases with 

increasing duration of untreated disease. It remains unknown whether esophageal motility 

abnormalities develop over time as well. Therefore, we aimed to determine the relationships 

between disease duration, manometric patterns, and clinical characteristics of EoE patients. 

 

Methods 

Study subjects 

We included 31 adult patients diagnosed with EoE (median age 40 years, interquartile range 

[IQR] 32-47 years; 9 females) who underwent HRM for dysphagia between November 2011 

and September 2013. EoE diagnosis was based on symptoms of esophageal dysfunction and 

histology of esophageal biopsy specimens showing >15 eosinophils per high power field 

(eos/hpf).
1
 Subjects with previous upper gastrointestinal surgery were excluded from the 

study. Pathological reflux was excluded using 24-h pH-impedance monitoring. EoE patients 

were compared with 31 age- and sex-matched GERD controls (median age 40 years, IQR 32-

54 years; 9 females) and 31 age- and sex-matched healthy controls (median age 35 years, 

IQR 29-44 years; 9 females). All GERD controls had pathological esophageal acid exposure 

(defined as time with pH <4 ≥ 6.0%), with a median of 11.2% (IQR 9.2-17.7%).
23

 The study 

protocol has been approved by the AMC Institutional Review Board (IRB). Informed consent 

was obtained from each healthy subject but was not required for measurement of the EoE 

and GERD patients. 
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Esophageal high-resolution manometry 

Esophageal HRM measurements were performed with a solid-state HRM catheter with 36 

circumferential sensors spaced at 1-cm intervals (Given Imaging, Los Angeles, CA, USA), 

according to standardized protocol in our center.
24

 In short, a 4-h fasting period preceded 

the study. Before recording, transducers were calibrated at 0 and 300 mmHg. The 

manometry catheter was placed transnasally and positioned to record from the 

hypopharynx to the stomach. The catheter was fixed in place by taping it to the nose, and 

patients were placed in supine position. Patients were then asked to swallow ten 5-mL 

boluses of water. Subsequently, patients were asked not to swallow for 30 s to create a 

landmark recording that was later used for determination of anatomical markers and 

measurement of sphincter pressures. 

 

HRM analyses 

Esophageal HRM measurements were prospectively analyzed using dedicated software 

(ManoView Analysis 3.0; Given Imaging), as described previously.
25

 In short, automated 

marker placement for gastric pressure, upper and lower border of the lower esophageal 

sphincter (LES), eSleeve, and upper esophageal sphincter (UES) was manually corrected in 

the landmark segment. Following this, each swallow was inspected and placement of the 

contractile deceleration point marker was corrected if necessary. Resting pressure and 

residual pressure of the UES were calculated automatically and referenced to atmospheric 

pressure. Esophagogastric junction (EGJ) resting pressure was analyzed using the eSleeve 

and expressed as the mean of respiratory minima. Deglutitive EGJ relaxation was assessed 

using the 4-s integrated relaxation pressure (IRP4). Both EGJ resting pressure and IRP4 were 

referenced to gastric pressure. The intrabolus pressure (IBP), which reflects the resistance to 

passage of a bolus through the EGJ, was calculated at 1 cm above the EGJ and reported as 

the ‘IBP average max’, and was also calculated during LES relaxation and reported as the ‘IBP 

at LESR’. Distal contractile integral (DCI), contraction front velocity (CFV), and distal latency 

(DL) were calculated as well. We also analyzed the occurrence of failed contractions and the 

presence of small (2-5 cm) and large (>5 cm) peristaltic breaks. Esophageal pressure 

topography parameters and esophageal motility patterns were analyzed according to the 

Chicago criteria.
26

  

 

Clinical characteristics 

Upon referral to our center, EoE patients filled out questionnaires regarding medical history, 

symptoms, comorbidity, and quality of life, as described previously.
27

 In short, questions 

involve detailed information regarding patients’ self-reported personal and family history of 

eosinophilic esophagitis, allergic disease, and comorbid disorders. Patients were asked to 

report the year of onset of EoE symptoms and the year of diagnosis, and from these the 

duration of disease (time between onset of EoE symptoms and date of visit) and diagnostic 

delay (time between onset of EoE symptoms and diagnosis of EoE) were calculated. Current 

symptoms of dysphagia, a history of food impactions, and past and current treatments for 

EoE were registered. For GERD controls, the duration of disease was calculated from the 
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documented year of onset of symptoms and the date of visit.  

 

Statistical analysis 

The entire population of The Netherlands was considered to be at risk for developing 

esophageal eosinophilia. Annual incidence rates of EoE were inferred from the total number 

of newly diagnosed cases and the corresponding population statistics in the 1996-2010 

period (http://www.cbs.nl). Incidence rates were denoted for both genders, for children and 

adults (<18 resp. ≥18 years of age at diagnosis), and in 10-year age strata. To assess seasonal 

variation in the diagnosis of EoE, the date of first pathology report diagnosing EoE was taken 

as the date of diagnosis. The Rayleigh test for directional statistics was used to analyze 

whether or not the months of diagnosis were randomly distributed.
13

 We performed this 

statistical test in R, an open source statistical program for data analysis and graphics.
14

 All 

other statistical analyses were performed by using PASW Statistics 18.0.2 (SPSS Inc., Chicago, 

IL, USA). 

 

Results 

Esophageal pressure topography parameters in EoE patients, GERD controls, and healthy 

controls  

Table 1 summarizes the characteristics of UES, EGJ, and contraction vigor and propagation in 

EoE patients, GERD controls, and healthy controls. We found no significant differences in 

esophageal pressure topography parameters between EoE patients and GERD controls. 

Between EoE patients and healthy controls, no differences were observed in UES pressure 

parameters and EGJ resting pressure, although the IRP4 was significantly lower in EoE 

patients than in healthy controls (EoE 4 (2-8) mmHg vs HC 8 (4-10) mmHg, P<0.01). We 

found no differences in IBP parameters and DL, and contractions did not differ in vigor (DCI). 

However, the CFV (EoE 5.0 (3.9-6.4) cm/s vs HC 3.9 (3.4-4.3) cm/s, P<0.001) was significantly 

lower in EoE patients. Despite these significant differences, the IRP4 (in 30 of 31 EoE 

patients) and CFV (in 30 of 31 EoE patients) were within the normal range.  
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Table 1. UES, EGJ and contraction characteristics in EoE patients and matched controls 

 EoE GERD controls Healthy controls p-value
†
 

 Median IQR Median IQR Median IQR  

UES        

UES resting pressure  

(mmHg) 
61 47-94 61 44-100 65 43-96 NS 

UES residual pressure  

(mmHg) 
3 0-6 2 0-6 2 0-4 NS 

EGJ        

EGJ resting pressure  

(mmHg) 
12 8-19 8 6-16 14 9-22 NS 

IRP4 (mmHg) 4 2-8 5 3-9 8 4-10 <0.01 

IBP at LESR (mmHg) 0 0-4 1 1-3 2 0-4 NS 

IBP average max  

(mmHg) 
12 11-15 12 10-15 13 11-16 NS 

Contraction characteristics 

DCI (mmHg∙cm∙s) 
875 432-1766 770 514-1493 814 

473-

1529 
NS 

CFV (cm/s) 5.0 3.9-6.4 4.8 3.8-6.1 3.9 3.4-4.3 <0.001 

DL (s) 6.3 5.7-6.8 6.4 5.8-7.5 6.8 6.1-7.4 NS 

†
 p-values (Mann-Whitney U test) are given for EoE patients vs healthy controls. NS, not significant 

 

Contraction patterns in EoE patients, GERD controls, and healthy controls  

Contraction patterns of the esophageal body were not significantly different between EoE 

patients, GERD controls, and healthy controls (Table 2). Esophageal peristaltic wave 

propagation was more frequently failed (12 vs 6%) or weak (27 vs 15%) in EoE patients than 

healthy controls (P<0.001; Figure 1). Despite this, neither the numbers of small and large 

peristaltic breaks nor the length of peristaltic breaks was different. 

Furthermore, diagnoses based on the Chicago criteria were not structurally different 

between EoE patients, GERD controls, and healthy controls. In EoE patients, esophageal 

motility was less often diagnosed as normal than in healthy controls (42% vs 68%, P<0.05), 

but this number was not different from GERD controls (39%). None of the EoE patients 

fulfilled the manometric criteria for achalasia, distal esophageal spasm, jackhammer 

esophagus, absent peristalsis, or hypertensive peristalsis. EGJ outflow obstruction was 

observed in two EoE patients, and nine EoE patients had weak peristalsis. Frequent failed 
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peristalsis was present in four EoE patients, and two EoE patients had rapid contractions. 

One patient had two diagnoses; weak peristalsis and rapid contractions. 

 

Table 2. Contraction patterns in EoE patients and matched controls 

 EoE GERD controls Healthy controls p-value
†
 

Peristaltic integrity     

Intact 61 % 59 % 79 % 

<0.001
‡
 Weak 27 % 27 % 15 % 

Failed 12 % 14 % 6 % 

Number of peristaltic breaks 

(per 10 wet swallows), 

median (IQR) 

3 (0-8) 6 (3-8) 3 (2-8) NS 

Shorter than 2.0 cm 0 (0-1) 1 (0-3) 1 (0-3) NS 

Small (2.0-4.9 cm) 1 (0-2) 1 (0-4) 2 (0-3) NS 

Large (>5.0 cm) 0 (0-1) 0 (0-0) 0 (0-1) NS 

Total break length for 10 

swallows (cm), median (IQR) 
10.4 (1.0-18.1) 9.5 (0.5-20.1) 8.5 (3.9-19.8) NS 

Length of breaks, median 

(IQR) 
3.4 (1.7-5.0) 2.4 (1.5-3.2) 2.4 (1.9-3.9) NS 

Contraction pattern     

Normal 84 % 84 % 92 % NS 

Rapid 4 % 2 % 1 % NS 

Premature 1 % 0 % 0 % NS 

Hypercontractile 0 % 0 % 0 % NS 

Absent 12 % 14 % 6 % NS 

† 
p-values are given for EoE patients vs healthy controls. 

‡
 Cochran-Armitage test for trend. NS, not significant. 

 

Clinical characteristics and manometric correlates in EoE patients  

An atopic medical history was present in 20 EoE patients (65%): 11 (35%) had allergy test-

confirmed food allergy, eight (26%) had allergic rhinitis, seven (23%) had asthma, and five 

(16%) had atopic dermatitis. Other comorbidity included hypertension (two patients); 

keratoconjunctivitis sicca (one patient); migraine (one patient); hypercholesterolemia (one 

patient); and cholecystectomy (one patient). None of the EoE patients thus had systemic or 
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of this increase in prevalence of motility abnormalities with increasing disease duration 

(P<0.05). Using univariate logistic regression analysis, duration of disease was identified as 

risk factor for abnormal esophageal motility in EoE patients (OR 1.142; 95% CI 1.004-1.299). 

In contrast, in GERD controls the prevalence of motility abnormalities did not increase over 

time (52% in the group with disease duration of 0-5 years vs 50% in the group with disease 

duration of ≥10 years; P=0.32), and disease duration was not found to be a risk factor for the 

presence of abnormal esophageal motility (OR 1.001; 95% CI 0.914-1.096). 

 

 

 

Figure 2. The percentage of EoE patients with abnormal esophageal motility increases  

with increasing disease duration. Cochran-Armitage test for trend, P<0.05. 
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Table 3. Clinical characteristics in EoE patients with normal vs. abnormal motility 

 Normal motility (n=13) Abnormal motility (n=18) p-value 

Gender, male 69 % 72 % NS 

Age, yrs 40 (31-44) 41 (32-51) NS 

Age at onset of EoE symptoms, yrs 30 (28-38) 25 (16-36) NS 

Disease duration, yrs 4 (1-11) 13 (6-18) <0.05 

Diagnostic delay, yrs 3 (0-11) 10 (3-15) <0.05 

Food allergen sensitization 38 % 50 % NS 

Current symptoms    

Dysphagia 85 % 100 % NS 

Eating slowly 67 % 56 % NS 

Limited food intake 36 % 56 % NS 

Heartburn 58 % 44 % NS 

Food impaction ever 38 % 33 % NS 

Requiring acute endoscopy 31 % 28 % NS 

Currently using medication    

Proton pump inhibitor 31 % 61 % NS 

Corticosteroids  

(discontinued 1 week before HRM) 
8 % 6 % NS 

Corticosteroids used ever 46 % 61 % NS 

Dilation ever 0 % 17 % NS 

Quality of life    

Mental component summary score 52.1 (43.5-54.7) 51.3 (44.6-56.1) NS 

Physical component summary score 57.5 (47.6-59.3) 49.1 (43.1-57.8) NS 

NS, not significant 
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Discussion 

This is the first study that describes the correlation between esophageal motility and natural 

history in patients with EoE. In this study, we found that the duration of disease in EoE 

patients is a risk factor for the development of abnormal esophageal motility. We were also 

able to show that the prevalence of esophageal motility abnormalities increases with longer 

disease duration. However, no clinicopathological characteristics were found to be 

associated with having abnormal esophageal motility.  

Previous studies have demonstrated variable and non-specific manometric patterns in EoE, 

with ineffective/weak peristalsis being mostly observed (Table S1). In our study, we confirm 

these findings. We observed that peristalsis is more often weak or failed in EoE patients than 

in healthy controls, and esophageal motility is less often completely normal, but similar 

findings were found in GERD controls. No distinct manometric pattern was seen 

differentiating EoE patients from GERD controls and healthy controls. The observed 

differences in some of the esophageal pressure topography parameters (decrease in IRP4 

and increase in CFV) were statistically significant but seem clinically irrelevant since values 

were in the normal range in the vast majority of EoE patients and in those in which these 

were abnormal this was not related to any symptom. 

The correlation between clinical characteristics and manometry patterns has been 

insufficiently investigated in EoE. One study using prolonged conventional manometry in 

children with EoE demonstrated that symptoms of dysphagia correlated with simultaneous 

abnormal esophageal motor function.
17

 In another study in adult EoE patients, esophageal 

motility was shown to be improved after fluticasone treatment.
14

 Two other studies in EoE 

patients found no differences regarding symptoms and histopathological signs between 

patients with and without non-specific motility disorders.
18,20

 Our study confirms the 

absence of a relationship between abnormal motility and symptoms. 

A lack of relationship between dysphagia symptoms and motility patterns has been observed 

previously in healthy subjects as well as patient populations suffering from GERD and 

dysphagia.
28,29

 A recent study confirmed this lack of correlation in patients undergoing HRM 

for dysphagia, chest pain, or GERD.
30

 Several reasons have been proposed for the lack of 

correlation between findings on manometry and symptoms: (i) esophageal motor disorders 

may represent merely an epiphenomenon; and (ii) the mechanism behind symptom 

generation is likely multifactorial (visceral hypersensitivity due to peripheral mechanisms or 

abnormalities in central processing; esophageal hypervigilance due to psychosocial 

factors).
29,30

 

Natural history studies have demonstrated that EoE is a chronic inflammatory disease, which 

leads to esophageal remodeling, fibrosis, and stenosis.
31,32

 Very recently, a retrospective 

study identified the duration of diagnostic delay (i.e., untreated disease) as a risk factor for 

esophageal stricture formation.
3
 However, the effect of disease duration on esophageal 

motility abnormalities was not studied before. We demonstrated that the prevalence of 

esophageal motility abnormalities increases with longer disease duration. Future studies 

should investigate if early diagnosis and adequate treatment of EoE can prevent the 

occurrence of esophageal motility abnormalities in EoE patients. 
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A limitation of our study is that the length of disease duration and diagnostic delay was 

estimated based on patient’s reported outcomes. As a consequence, these parameters may 

be influenced by recall bias. Estimated disease duration was therefore stratified into 5-year 

groups to minimize the influence of recall bias. Furthermore, endoscopy was not 

systematically performed in the week of manometry, which precluded systematic 

comparison of endoscopic and histopathological features between EoE patients with normal 

and abnormal esophageal motility. 

In conclusion, in EoE patients the prevalence of esophageal motility abnormalities increases 

with longer disease duration. However, since there are no manometric patterns specific for 

EoE and there is no relationship between symptoms and manometric findings, there seems 

to be no role for manometry in the clinical management of EoE patients. 
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Table S1. Previous studies (n≥10) in which manometry was performed in EoE patients 

Name 

(year) 
Study design 

Population 

(n) 

Control 

group (n) 

Diagnosis 

Correlation between clinical 

features and esophageal motility 
Peristaltic abnormalities, n 

(%) 

LES 

abnormalities, 

n (%) 

Normal,  

n (%) 

Attwood 

(1993)
8
  

Retrospective A (12) GERD (90) 

DES: 2 (17%); Nutcracker: 2 

(17%); Short / low amplitude 

peristalsis: 7 (58%) 

None 2 (17%) Not addressed 

Vitellas 

(1993)
9
 

Retrospective A (13) None 
DES: 1 (8%); Prolonged 

peristaltic contractions: 1 (8%) 
Hyper: 1 (8%) 10 (77%) Not addressed 

Cheung 

(2003)
10

 
Retrospective C (11) 

Dysphagia 

(6) 
None None 11 (100%) Not addressed 

Croese 

(2003)
11

 
Retrospective A (13) None 

Nonspecific dysmotility: 5 

(38%)  
None 8 (62%) Not addressed 

Remedios 

(2006)
12

 
Prospective A (23) None Aperistalsis: 1 (4%)  Hypo: 10 (43%) 22 (96%) Not addressed 

Gonsalves 

(2006)
13

 
Retrospective A (15) None 

DES: 1 (7%); Nonspecific 

dysmotility: 9 (60%) 
None 5 (33%) Not addressed 

Lucendo 

(2007)
14

 
Prospective A (29) None 

Hypodynamic or 

hypoperistaltic motor pattern: 

17 (58%); High-amplitude 

distal peristaltic waves: 9 

(31%) 

Hypo: 12 (41%) 

Altered dynamics:  

22 (76%) 

3 (10%) Not addressed 

Lucendo 

(2007)
15

 
Retrospective A (12) None 

Nonspecific dysmotility: 6 

(50%); Hyperkinetic peristaltic 

waves in the distal esophagus: 

3 (25%); Simultaneous 

contractions: 1 (8%) 

Hypo: 2 (17%) 2 (17%) 

Symptoms and esophageal motility 

improved upon fluticasone 

treatment 

Korsapati 

(2009)
16

 
Prospective A (10) HC (10) None None 10 (100%) 

Longitudinal muscle dysfunction may 

contribute to dysphagia 

Nurko 

(2009)
17

 
Prospective C (17) 

GERD (13) 

HC (11) 
Abnormal peristalsis: 7 (41%) None 10 (59%) 

Dysphagia score correlated to 

simultaneous abnormal esophageal 

motor function 
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Table S1. Previous studies (n≥10) in which manometry was performed in EoE patients (continued) 

Name 

(year) 
Study design 

Population 

(n) 

Control 

group (n) 

Diagnosis 

Correlation between clinical 

features and esophageal motility 
Peristaltic abnormalities, n 

(%) 

LES 

abnormalities, 

n (%) 

Normal,  

n (%) 

Bassett 

(2009)
18

 
Prospective A (30) None 

Nonspecific dysmotility: 5 

(16%); Mean amplitude of 

esophageal contractions >180 

mmHg: 2 (7%) 

Hypo: 1 (3%) 23 (77%) 

No symptomatic and histological 

differences between patients with 

normal motility and nonspecific 

motor disorders 

Hejazi 

(2010)
19

 
Retrospective A (14) None 

Nutcracker: 2 (14%); 

Nonspecific motility disorder: 

2 (14%); Aperistalsis: 2 (14%) 

Hypo: 2 (14%) 

Incomplete 

relaxation: 1 (7%) 

6 (43%) Not addressed 

Moawad 

(2011)
20

 
Retrospective A (75) None 

Ineffective esophageal 

motility: 25 (33%); 

Nutcracker: 3 (4%) 

None 47 (63%) 

No correlation between motility and 

eosinophil count, or between motility 

and dysphagia symptoms. 

Martín 

Martín 

(2011)
21

 
#
 

Prospective A (21) 
Dysphagia/ 

GERD (21) 

Peristaltic dysfunction: 6 

(28%); PEP: 10 (48%) 

Hypo: 3 (14%) 

Hyper: 1 (5%) 
5 (25%) 

Panesophageal pressurization may be 

associated with bolus impaction  

Roman 

(2011)
4
 
# Retrospective A (48) 

GERD (48) 

HC (50) 

EGJ obstruction: 1 (2%); 

Absent peristalsis: 1 (2%); 

Hyper peristalsis: 1 (2%); 

Rapid contractions: 2 (4%); 

FFP: 5 (10%); Weak peristalsis 

8 (17%) 

Increased IRP4: 5 

(10%) 
30 (63%) Not addressed  

Monnerat 

(2012)
22

 
Retrospective A (20) None 

Ineffective esophageal 

motility: 3 (15%) 

Hypo: 1 (5%) 

Hyper: 1 (5%) 
15 (75%) Not addressed  

Total 

Prospective: 6 

Retrospective: 

10 

A (335) 

C (28) 

T (363) 

249 HC in  

6 studies 

A 142 (42%) 

C 7 (33%) 

T 149 (41%) 

Hypo: 31 (9%) 

Hyper: 3 (1%) 

Incomplete 

relaxation: 6 (2%) 

A 188 (56%) 

C 21 (75%) 

T 209 (58%) 

The correlation between clinical 

features and esophageal motility is 

unclear, and poorly described 

A, adults; C, children; DES, diffuse esophageal spasm; EGJ, esophagogastric junction; EoE, eosinophilic esophagitis; FFP, frequent failed peristalsis; GERD, 

gastroesophageal reflux disease; HC, healthy control; Hyper, hypertensive; Hypo, hypotensive; IRP4, integrated relaxation pressure of the EGJ; LES, lower esophageal 

sphincter; Normo, normotensive; PEP, pan-esophageal pressurization; T, total. 
# 

These studies used
 
high-resolution manometry. 

  


