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Abstract
AIM: To investigate the relationships among subtypes of gastroesophageal reflux disease (GERD) using narrow band imaging (NBI) magnifying endoscopy.
METHODS: A number of 120 patients representing the three subtypes of GERD (n = 40 for each subtypes), namely, nonerosive reflux disease (NERD), reflux esophagitis (RE) and Barrett's esophagus (BE), were screened by Reflux Disease Questionnaire. NBI magnifying endoscopic procedure was performed on the patients as well as 40 healthy controls. The demographic and clinical characteristics and NBI magnifying endoscopic features were recorded and compared among groups. Targeted biopsy and histopathological examination were conducted if there were any abnormalities. SPSS 18.0 software was used for all statistical analysis.
RESULTS: Compared with healthy controls, a significantly higher proportion of GERD patients had increased number of intrapapillary capillary loops (78.3% vs 20%, P < 0.05), presence of microerosions (41.7% vs 0%, P < 0.05), and non-round pit pattern below the squamocolumnar junction (88.3% vs 30%, P < 0.05). The maximum (228 ± 4.8 vs 144 ± 4.7, P < 0.05), minimum (171 ± 3.8 vs 103 ± 4.4, P < 0.05), and average (199 ± 3.9 vs 119 ± 3.9, P < 0.05) numbers of intrapapillary capillary loops/field were also significantly greater in GERD patients. However, comparison among groups of the three subtypes showed no significant difference or any linear trend, except that microerosions presented in 60% of the RE patients, but 35% and 30% of the NERD and BE patients, respectively (P < 0.05).
CONCLUSIONS: Patients with GERD, no matter what subtype, have similar micro changes in distal esophagus. The three forms of the disease are probably independent of each other.
Key words: Gastroesophageal reflux; Gastroesophageal reflux disease; Intrapapillary capillary loops; Magnifying endoscopy; Narrow band imaging.
Core tip: Gastroesophageal reflux disease (GERD) has been diagnosed for many years with conventional endoscopy and 24-hour esophageal pH monitoring. There are generally three forms of GERD, namely, nonerosive reflux disease (NERD), reflux esophagitis (RE) and Barrett's esophagus (BE). However, it has not yet been clarified whether GERD is a spectrum of diseases or a "tripartite" disease. In our clinical trial with NBI magnifying endoscopy, no significant differences was observed in the lower esophagus among patients with the three forms of GERD. In addition, there was no increasing trend from NERD, RE to BE, indicating that these subtypes might be independent of each other. In summary, GERD is a "tripartite" disease, rather than a spectrum of diseases.
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INTRODUCTION
The Montreal Definition1[]
, an evidence-based global consensus definition, has demonstrated that gastroesophageal reflux disease (GERD) is a common chronic disorder which develops when the reflux of stomach contents causes troublesome symptoms and/or complications. The prevalence has been reported to range from 10% to 48% in Asia, slightly lower than that in Western countries
 ADDIN EN.CITE 

[2-4]
,  and is increasing year by year
 ADDIN EN.CITE 

[5-8]
. GERD affects patients' quality of life seriously and poses heavy economic burdens on individual as well as society owing to the lack of efficacious treatment. Unfortunately, the natural history of GERD has not been fully illustrated. Based on the findings of conventional endoscopy and histopathological examination, GERD is generally categorized into three progressive stages: nonerosive reflux disease (NERD), reflux esophagitis (RE), and Barrett’s esophagus (BE). Patients with GERD, according to the current model of GERD as a spectrum disease, could potentially progress from mild NERD toward RE, BE, and then neoplasia
 ADDIN EN.CITE 

[9]
. This concept may in fact help the planning of diagnostic and therapeutic approaches as well as the allocation of financial resources. Nevertheless, some researchers are against this model, and propose that GERD is a “tripartite” disease. By dividing GERD into the three unique subtypes, physicians or surgeons may concentrate on the specific mechanisms that lead to the development of a subtype of GERD and further the specific therapeutic modalities that benefit the patients with this subtype. 
    Narrow band imaging (NBI) can better capture the micro structures of the superficial mucosa. Recent studies have shown that NBI can reveal subtle changes of esophageal superficial mucosa in GERD patients
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[10-15]
. However, NBI endoscopy has not yet been used in studying the microvascular differences among patients with NERD, RE and BE.

    The present study was aimed at exploring the relationships among the three subtypes of GERD by observing the subtle vascular changes detected with NBI magnifying endoscopy. Our study result might provide a basis for further diagnosis and treatment of GERD.
MATERIALS AND METHODS
Subjects
Patients with reflux-associated symptoms who were treated in our hospital between June 2010 and May 2012 were recruited in this study. All the patients were required to fulfill the Reflux Disease Questionnaire (RDQ) concerning their reflux-associated symptoms to decide whether or not NBI magnifying endoscopy would be performed. The inclusion criteria were: between 18 and 70 years; ability to provide written informed consent; RDQ score of no less than 12; reflux-related symptom duration of no less than 3 months; and effective treatment of proton pump inhibitors (PPIs). The exclusion criteria included: evidence of cancer or mass lesion in upper alimentary tract, such as esophageal varices and gastric lesion; severe gastroparesis; history of drug use 4 weeks prior to the study, including PPIs, nonsteroidal anti-inflammatory drugs, aspirin, antibiotics, antacid, mucosal protective agents, calcium channel blocks, and acetylcholine or histamine receptor antagonists; and prior history of upper alimentary surgery, hemorrhage or severe uncontrolled systematic dysfunction. Healthy control group was comprised of subjects without any gastroesophageal reflux (GER) symptoms and with no positive findings confirmed by conventional endoscopy.

    Written informed consent was obtained from all the subjects before endoscopy. The study protocol form was prepared according to the Declaration of Helsinki and approved by the Ethical Institutional Board of the hospital (No. 2010091). 

Research facility

The NBI magnifying endoscope (Olympus EVLS LUCERA CV-260SL GIF-H260Z) used in this study was purchased fromOlympus Medical Systems Corp. (Tokyo, Japan), which could allow a magnification of alimentary mucosa up to 80-fold by zoom and was compatible for a NBI light source apart from the conventional white light source.

Endoscopic procedure
After oral administration of 20 ml (1.0%) dimethicone and 10 ml (0.1 g) oropharyngeal anesthesia agent of dyclonine hydrochloride mucilage, all subjects underwent endoscopic procedure by a same experienced endoscopist who was blind to the GER symptoms. A complete evaluation of upper alimentary tract was performed under the conventional mode. Then, the distal 5 cm of the esophagus, squamoucolumnar junction (SCJ) and cardia were reexamined carefully with the NBI light source under the maximum magnification of 80-fold. The key thing to observe was the superficial vasculature. Images with the micro structure features in these locations were collected during the process of endoscopy, together with the standardized four-quadrant images from the distal esophagus above SCJ. These images were then evaluated by an experienced investigator blinded to the GER symptoms.

Diagnostic criteria
The diagnostic criteria of NERD were: one or more than one of the typical reflux-associated symptoms of heartburn, regurgitation and retrosternal pain as chief complaints1[]
; absence of mucosal breaks at conventional endoscopy; and effective treatment response to PPIs.

    Diagnosis of RE followed the Los Angeles classification16[]
.
    BE was diagnosed when conversion of normal esophageal squamous epithelium to specialized intestinal metaplastic epithelium was confirmed by histopathological examination1[]
.
    Criteria of healthy controls included: no symptoms, no prior history of GERD, RDQ score of 0, and no visible mucosal breaks at conventional endoscopy. If microerosions were detected during the NBI magnifying endoscopy, 24-hour pH monitoring was invited to exclude asymptomatic GERD.

Evaluation indicators of NBI magnifying mode
Intrapapillary capillary loops (IPCLs) arise from submucosal drainage vein and go into the esophageal papillary. Assessment of IPCLs is important in the diagnosis of esophageal disorders. Histopathological examination has revealed that normal IPCLs exist in the esophageal submucosa, and are usually shown as dot-like structures with regular intervals of about 100μm. The IPCLs in the esophageal mucosa can be readily identified with the help of NBI magnifying endoscopy, under which it can be seen that their morphology is dynamic and can be affected by neoplasia and inflammation. The morphological changes of IPCLs were defined as follows: (1) Normal IPCLs (Figure 1A): hairpin-like structures with small diameter; (2) Increment (Figure 1B): an increase in number of IPCLs in individual fields; (3) Prolongation (Figure 1C): a change in the pattern characterized by increased length of individual IPCLs; (4) Dilation (Figure 1D): a change in the pattern characterized by increased size or caliber of individual IPCLs; (5) Tortuosity (Figure 1E): presence of corkscrewing or the twisted nature of individual IPCLs; (6) Another indicator was microerosion (Figure 1F), the mucosal breaks not visible under conventional endoscopy but visible under NBI magnifying endoscopy; (7) Mucosal pit pattern under SCJ was the third indicator. Taking the Endo Classification Criteria as reference
 ADDIN EN.CITE 

[17]
, the pit pattern was classified into two categories: round (Figure 1G) and non-round (including straight, oval, tubular and villous pit patterns) (Figure 1H); and (8) Photoshop software (Photoshop CS5 v 8.0; Adobe Inc., United States) was used to edit the image files.

Histopathological examination

Targeted biopsy was conducted when there was any mucosal lesion, such as erosion. Biopsy samples above and below SCJ in four quadrants were taken from all subjects as well. If esophageal metaplasia (ESEM) was suspected, biopsy sampling was performed in a systematic manner, i.e., four-quadrant biopsies were obtained every 2 cm throughout the affected segment18[]
. Histopathological examination was then performed on all the biopsy tissues.
Statistical analysis

The statistical software SPSS (SPSS PASW Statistics v18 Multilingual-EQUiNOX; SPSS Inc., USA) was used for all statistical analyses. The two-sample t test and analysis of variance (ANOVA) were performed on appropriate continuous quantitative variables which were normally distributed to determine whether significant differences existed among groups. Continuous quantitative variables that were not normally distributed were tested using the Wilcoxon test. Categorical variables were analyzed by the Chi-square test. Whenever the validity of (2 was called in question, the Fisher exact test was used instead. The probability of error (alpha) (P) was set at 5%. P ≤ 5% was considered as of statistical significance.
RESULTS
Subjects characteristics

A total of 157 patients were screened, of whom 145 were eligible for inclusion (40 NERD, 54 RE and 51 BE). To keep the balance among groups, we selected 40 RE and 40 BE patients randomly. Altogether, we had 120 (66 male, 54 female) patients and 40 healthy controls (16 male, 24 female) included in the final analysis. Among these 120 GERD patients, there were 40 NERD, 40 RE and 40 BE patients, respectively. There were no significant differences between healthy controls and GERD patients in terms of gender, age, body mass index (BMI), prevalence of hiatus hernia, and prevalence of bile regurgitation. As for inter-subtype comparison, NERD patients were more likely to be female (P < 0.05) while a majority of RE patients were male (P < 0.05). Patients with BE were less likely to demonstrate bile regurgitation (P < 0.05). In addition, the differences were not significant in respect of age, BMI, course, scores of RDQ and prevalence of hiatus hernia. The demographic and clinical characteristics and conventional observations of the subjects are demonstrated in Table 1. 
Evaluation indicators with NBI magnifying endoscopy mode

The majority of GERD patients presented abnormalities under NBI magnifying endoscopy. Increment of IPCLs appeared in an evidently higher proportion of GERD patients than in healthy controls (P < 0.05). Microerosion above and non-round pit pattern below SCJ were also seen more frequently in patients with GERD (P < 0.05). However, there was no significant difference in the presence of prolonged, dilated, or tortuous IPCLs between patients and controls. The comparison among groups of different GERD subtypes revealed no evident difference in the number of patients presenting of abnormalities. Nno statistical differences were found in the increased, prolonged, dilated or tortuous IPCLs in the distal esophagus, as well as in the distributions of the mucosal pit patterns below SCJ. As expected, RE patients were more likely to demonstrate microerosions. The NBI magnifying endoscopic features are highlighted in Table 2.
    Qualitative analysis of the IPCLs increment was also performed. The numbers of IPCLs/field in the standardized four-quadrant images from the distal esophagus were counted manually in each subject. The results showed that the maximum, minimum and average numbers of IPCLs/field were significantly higher in GERD patients than healthy controls (P < 0.05). There was no significant difference among the three subtype groups. More importantly, there was no linear increasing trend from NERD to RE then to BE. The quantitative data are represented in Table 3.
    Receiver operating characteristic (ROC) curves were plotted for the maximum, minimum and average numbers of IPCLs/field in GERD patients to obtain the cut-off values with the best sensitivity and specificity for diagnosis, namely, diagnostic threshold. The best sensitivity and specificity for GERD were 81.7% and 95% at a maximum IPCLs/field count of 185, 80% and 95% at a minimum IPCLs/field count of 135, and 80% and 95% at an average IPCLs/field count of 162 (Figure 2). The areas under the curves were 0.900, 0.902 and 0.925, respectively.
DISCUSSION

Gastroesophageal reflux disease (GERD) has been considered as resulted from long-period gastroesophageal reflux (GER) that causes troublesome symptoms and/or complications1[]
. It has traditionally been approached as a spectrum of diseases with the same pathophysiologic mechanisms. Based on conventional endoscopy and histopathological examination, GERD is generally categorized into three progressive stages: NERD, RE and BE. This understanding of GERD has a profound impact on its treatment, which focuses on esophageal mucosal injury19[]
. Nevertheless, some researchers propose that GERD is a "tripartite" disease, rather than the model above. They take the three forms of GERD as independent of each other, which may have their own mechanisms and should be approached with specific therapeutic modalities. 
    Narrow band imaging (NBI), based upon the optical phenomenon that the depth of light penetrating into tissues depends on its wavelength, can capture the more detailed micro structure of the superficial mucosa. Some researchers have already observed with NBI magnifying endoscopy the superficial mucosal changes in NERD patients, which cannot be observed under conventional endoscopy. For patients with RE and BE, micro changes have also been revealed with NBI magnifying endoscopy apart from the macro changes visualized by conventional endoscopy.

    The microscopic IPCLs in the esophageal mucosa can be readily identified with the help of NBI magnifying endoscopy. A pilot feasibility trial conducted by Sharma P et al
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[11]
 has illustrated the clinical utility of NBI magnifying endoscopy that presents a significant improvement over standard endoscopy in the diagnosis of GERD, and their results indicate that increased number and dilatation of IPCLs may be the best predictors for the diagnosis of GERD. Normal IPCLs appear to be hairpin-shaped and small in diameter, while there will be evident changes in the morphology and arrangement of IPCLs in GERD patients
 ADDIN EN.CITE 

[10, 12-15]
. However, the micro vascular differences among NERD, RE and BE patients have not been investigated before.

    The demographic and clinical characteristics of the subjects in our study are consistent with former epidemiological data in China. The increased number of IPCLs identified in the GERD patients would be helpful for the diagnosis of the disease. There is no remarkable difference in the micro structural changes among patients with the three subtypes of GERD. Additionally, there is not a trend of development from NERD to RE and then BE. As pointed out by some researchers, the micro changes of esophageal mucosa, such as increment of IPCLs and microerosion, could truly represent the regurgitation-induced damage, and the assessment of differences in micro mucosal structure and vascular architecture could provide useful information to predict histopathological findings
 ADDIN EN.CITE 

[11, 20-22]
. Therefore, our statistics imply that GERD may be a “tripartite” disease resulted from GER, rather than a spectrum of diseases.

    NERD, RE and BE, as three independent forms of GERD, may have their respective pathogenesis, clinical manifestations and complications. As Fass R et al19[, 23]
 have proposed, genetic factors may have played a certain role in determining the phenotypes of GERD. Correspondingly, the diseases may require different therapeutic approaches and will have different prognosis and natural history. There have already been clinical evidences for the independence of the three GERD forms. RE can be diagnosed with endoscopy and BE with endoscopy together with biopsy. However, conventional endoscopy is merely an exclusive examination for NERD. As to the 24 h pH monitoring, the symptomatic severity and frequency between NERD and RE have no significant differences, as well as the influence on quality of patients' life. Martinez SD et al
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[24]
 noted that the esophageal acid exposure of patients with NERD, RE and BE were different, and the reflux characteristics and symptom patterns suggested a heterogeneity of their patients. In addition, the therapeutic efficacy in patients with different forms of GERD is different. A systematic review showed that a higher proportion of RE patients, compared with patients with NERD, reported achieving sufficient heartburn relief after the use of PPIs, and the therapeutic efficacy of NERD was poorer than that of RE
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[25]
. The reason of the difference between NERD and RE patients in response to PPIs is still unclear. Limited data has indicated that NERD rarely moves on to RE with the prolonged course, that relapse in cured RE patients after drug withdrawal often displays esophageal mucosal erosion, and that BE usually is discovered during the first endoscopy examination instead of being developed from NERD or RE
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[19, 26]
. However, there have not been adequate follow-up studies to show the natural history of GERD.
    It is still controversial whether GERD is a spectrum of diseases or not, and the relationships among the three forms of GERD has not be clarified at present. The Montreal definition1[]
, which takes RE as an esophageal complication of GERD, has shifted the attention from esophageal mucosal lesion to reflux symptoms and may influence the cognition of the subtypes of GERD. More epidemiological investigation, prospective follow-up research and clinical observation are needed to clarify the issue.

    Despite certain value of our study, some limitations exist as well. This is a single-center investigation with limited number of patients. A multi-center study with a larger sample size will be more reliable. In addition, NBI magnifying endoscopy has not yet been widely used. The inspection area under magnifying mode is very small, which makes it time-consuming to examine the entire distal esophagus.
    If the standpoint that NERD, RE and BE are relatively independent forms of GERD is confirmed, the therapeutic strategy for each form will be adjusted in accordance with the specific mechanism of it and therefore reaches a better efficacy. Therefore, elucidation of the internal relationships among NERD, RE and BE has profound significance in clinical practice.
COMMENTS
Background

Gastroensophageal reflux diseases (GERD), with the subtypes of nonerosive reflux disease (NERD), reflux esophagitis (RE) and Barrett's esophagus (BE), has been studied for many years. Conventional endoscopy and 24-hour esophageal pH monitoring are common diagnostic approaches for GERD. However, it has not been clarified whether GERD is a spectrum of diseases or a "tripartite" disease. 

Research frontiers

Narrow band imaging (NBI) can capture the more detailed micro structure of the superficial mucosa. Some recent studies have shown that NBI magnifying endoscopy can reveal subtle changes of esophageal superficial mucosa in GERD patients. However, the micro vascular differences among NERD, RE and BE patients have not been investigated before with the help of this new technology.
Innovations and breakthroughs

It has been reported that patients with GERD could potentially progress from mild NERD toward RE, then BE, and finally neoplasia, which indicates that GERD may be a spectrum of diseases. Nevertheless, some researchers have a different idea. They regard GERD a “tripartite” disease. The relationships among the three forms of GERD have not been fully investigated. The present study was aimed at exploring the relationships among the three subtypes of GERD by observing the subtle vascular changes detected by NBI magnifying endoscopy. Our study result might provide a basis for further diagnosis and treatment of GERD.
Applications

By dividing GERD into the three unique subtypes, physicians or surgeons may concentrate on the specific mechanisms leading to the development of a subtype of GERD and further the specific therapeutic modalities that benefit the patients with subtype of disease.

Terminology

Normal intrapapillary capillary loops (IPCLs) exist in the esophageal submucosa, and are dot-like structures and arranged at regular intervals of about 100μm. The microscopic IPCLs in the esophageal mucosa can be readily identified with the help of NBI magnifying endoscopy. Under magnifying endoscopy, they appear hairpin-shaped and small in diameter, and their morphology is dynamic and could be affected by neoplasia and inflammation.
Peer review

In this study, Dr. Lv and her collegues conducted a research on the relationships among the three common forms of GERD by using NBI magnifying endoscopy to observe the micro changes in the patients. All efforts to establish classifications in this very frequent disease are welcome. NBI facilitates the diagnosis and includes new imaging areas. The results demonstrated that the GERD patients had similar micro changes in distal esophagus, and the authors indicated that the disease might be a model of “tripartite” disease, rather than a spectrum of diseases.
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Figure 1 Evaluation indicators of narrow band imaging magnifying mode (×80). A: Normal intrapapillary capillary loops (IPCLs); B: Increment of IPCLs; C: Prolongation of IPCLs; D: Dilation of IPCLs; E: Tortuosity of IPCLs; F: Microerosion (indicated by arrows); G: Round pit pattern; H: Non-round pit pattern.
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Figure 2 Receiver operating characteristic curves analysis. Receiver operating characteristic curves were drawn based on the maximum, minimum and average numbers of intrapapillary capillary loops (IPCLs)/field in gastroesophageal reflux disease (GERD)patients and healthy controls.

Table 1 Demographic and clinical characteristics of gastroesophageal reflux disease patients and healthy controls n (%)
	
	HC
	GERD

	
	
	GERD
	NERD
	RE
	BE

	Number of subjects
	40
	120
	40
	40
	40

	Gender (male: female)
	16:24
	66:54
	12:28
	32:8
	22:18

	Mean age, year (SD)
	47.7±2.20
	52.9±1.09
	52.2±1.72
	51.4±1.73
	55.1±2.17

	Mean BMI (SD)
	22.3±0.55
	23.6±0.36
	23.5±0.56
	24.2±0.72
	23.1±0.60

	Mean courses, month (SD)
	-
	26±32.3
	33±5.4
	24±4.4
	21±5.4

	Sores of RDQ (SD)
	-
	16±5.2
	18±0.8
	15±0.7
	16±0.5

	Number of patients with bile regurgitation
	6 (15)
	22(18.3)
	10 (25)
	12(30)
	0 (0)

	Number of patients with hiatus hernia
	18(45)
	72 (60)
	18(45)
	26 (65)
	28 (70)


GERD: Gastroesophageal reflux disease; RE: Reflux esophagitis; BE: Barrett's esophagus; NERD: Nonerosive reflux disease; HC: Healthy controls; BMI: Body mass index; RDQ: Reflux Disease Questionnaire.
Table 2 Narrow band imaging magnifying endoscopic findings in gastroesophageal reflux disease patients and healthy controls n (%)
	NBI magnification findings
	HC
	GERD

	
	
	GERD
	NERD
	RE
	BE

	Patients with abnormality
	28 (70)
	118 (98.3)a
	40 (100)
	38 (95)
	40 (100)

	IPCLs increased
	8 (20)
	94 (78.3)a
	32 (80)
	32 (80)
	30 (75)

	IPCLs prolonged
	14(35)
	62(51.7)
	24 (60)
	18 (45)
	20 (50)

	IPCLs dilated
	8 (20)
	34(28.3)
	10 (25)
	12 (30)
	12 (30)

	IPCLs tortuous
	0 (0)
	2(1.7)
	0 (0)
	0 (0)
	2 (5)

	Microerosions
	0 (0)
	50 (41.7)a
	14 (35)b
	24 (60)
	12 (30)b

	Round pit pattern below SCJ
	28 (70)
	14(11.7)
	4 (10)
	8 (20)
	2 (5)

	Non-round pit pattern below SCJ
	12 (30)
	106 (88.3)a
	36 (90)
	32 (80)
	38(95)


aP < 0.05 vs healthy control; bP < 0.05 vs RE patients. GERD: Gastroesophageal reflux disease; RE: Reflux esophagitis; BE: Barrett's esophagus; NERD: Nonerosive reflux disease; HC: Healthy controls; IPCLs: Intrapapillary capillary loops; SCJ: Squamoucolumnar junction.
Table 3 Intrapapillary capillary loops /field in gastroesophageal reflux disease patients and healthy controls 
	IPCLs/field
	HC
	GERD

	
	
	GERD
	NERD
	RE
	BE

	Maximum (SD)
	144±4.7
	228±4.8
	229±7.8
	233±8.2
	220±9.3

	Minimum (SD)
	103±4.4
	171±3.8
	162±5.6
	178±6.7
	174±7.1

	Average (SD)
	119±3.9
	199±3.9
	193±5.7
	208±6.8
	195±7.7


GERD: Gastroesophageal reflux disease; RE: Reflux esophagitis; BE: Barrett's esophagus; NERD: Nonerosive reflux disease; HC: Healthy controls; IPCLs: Intrapapillary capillary loops.
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