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Abstract:

Objective Esophagogastric junction outflow obstruction (EGJOO) is a diagnosis of unclear significance that
has become increasingly common with recent advances in high-resolution manometry (HRM). EGJOO can be
divided into mechanical or functional obstruction. Functional EGJOO is considered an incomplete phenotype
or an early stage of achalasia. However, little is known about the endoscopic findings in patients with func-
tional EGJOO. Thus, we aimed to elucidate the endoscopic findings in patients with functional EGJOO and
to identify patients at high risk for achalasia.

Methods This was a single-center retrospective study. A total of 259 patients underwent esophagogastro-
duodenoscopy (EGD) along with HRM for upper gastrointestinal symptoms without any obstructive lesions
or stricture between July 2013 and September 2019 in our institute. Among them, 31 patients were diagnosed
with EGJOO. After excluding patients who had undergone previous endoscopic treatment, those who were di-
agnosed with eosinophilic esophagitis and those who had undergone EGD at other institutes, 23 patients were
finally included with a diagnosis of functional EGJOO. The endoscopic findings were evaluated by three en-
doscopists.

Results Five patients (21.7%) had an esophageal rosette sign (ERS). No patients had grade IV gastroe-
sophageal flap valve, esophageal mucosal breaks, or abnormal retention of liquid or food in the esophagus.
Manometric findings revealed that the median distal contractile integral value was significantly higher in pa-
tients with an ERS (n=5) than in those without it (n=18).

Conclusion There were some patients with functional EGJOO who had an ERS, which is the characteristic
endoscopic finding in achalasia.
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Introduction

Esophagogastric junction outflow obstruction (EGJOO) is
a diagnosis made by high-resolution manometry (HRM) and
is characterized by incomplete relaxation of the
esophagogastric junction (EGJ) in combination with pre-

served peristalsis (Fig. 1) (1, 2). Conversely, esophageal
achalasia is diagnosed by demonstrating impaired EGJ re-
laxation and the absence of peristalsis (1). EGJOO is said to
encompass a heterogeneous group of patients with primary
or idiopathic (functional) and secondary (mechanical) out-
flow obstruction (3). In addition, functional EGJOO is con-
sidered an incomplete phenotype or an early stage of achala-
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Figure 1. Representative images of high-resolution manom-
etry. (A) A patient without obstruction. The EGJ pressure de-
creases when swallowing (IRP=11.5 mmHg). (B) A patient with
esophagogastric outflow obstruction. The EGJ pressure re-
mains high when swallowing (IRP=42.2 mmHg). EGJ: esopha-
gogastric junction, IRP: integrated relaxation pressure

sia that is difficult to differentiate from achalasia, as both
disorders present with dysphagia, regurgitation, chest pain,
and weight loss (4).

EGJOO is a diagnosis of unclear significance that has be-
come increasingly common with recent advances in HRM.
However, the etiology of this disease has not been clearly
determined (3). One reason for this is the current definition
recommended by the Chicago classification version 3.0 (CC,
version 3.0) (5). The findings for functional EGJOO consist
of the absence of a mechanical etiology, which is accompa-
nied by clinical uncertainty. To differentiate functional from
mechanical EGJOQO, it is essential to perform esophagogas-
troduodenoscopy (EGD), which is almost always performed
prior to HRM (6). However, little has been reported regard-
ing the esophageal endoscopic findings in patients with
functional EGJOO. Furthermore, using EGD to identify pa-
tients at high risk of developing achalasia among those with
functional EGJOO would be helpful in daily practice.

The present study clarified the endoscopic findings in pa-
tients with functional EGJOO diagnosed by HRM and iden-
tified patients at high risk for achalasia using EGD.

Materials and Methods

Study design
The study was a single-center retrospective study.
Patients

A total of 259 patients underwent EGD with HRM for
upper gastrointestinal symptoms without any obstructive le-
sions or stricture from July 2013 to September 2019 in our
institute. Manometric diagnoses were conducted based on
the CC, version 3.0. Among them, 31 patients were diag-
nosed with EGJOO. We excluded eight patients (two pa-
tients after previous endoscopic treatments, two patients with
eosinophilic esophagitis and four patients who underwent
EGD at other institutes). As a result, 23 patients were finally
included with a diagnosis of functional EGJOO (Fig. 2).

Definition of functional EGJOO

EGJOO is defined as a condition in which patients
showed impaired EGJ relaxation and preserved esophageal
peristalsis that is diagnosed using manometry based on the
CC, version 3.0. Among them, the patients without any en-
doscopic abnormalities that explained the manometric
changes were considered to have functional EGJOO.

The evaluation of symptoms

Symptoms were recorded using questionnaires and as-
sessed using the Eckardt scores (7).

HRM

The catheter was inserted nasally, positioned to extend
over both the upper and lower esophageal sphincter (LES),
and fixed to the nose with tape. After 5 minutes of rest, 10
mouthfuls of water (5 mL per mouthful) were swallowed in
the supine position. HRM was carried out using a Starlet”
HRM system (Star Medical, Tokyo, Japan). This system has
a catheter with a 36-channel solid-state sensor spaced at 1-
cm intervals (Unisensor, Attikon, Switzerland). Esophageal
motility was described according to the CC, version 3.0.
The upper limit of normal for the integrated relaxation pres-
sure (IRP) was set at 26 mmHg, and the normal range for
distal contractile integral (DCI) was set between 1,500 and
13,000 mmHg-s-cm, which also accounted for the differ-
ences in IRP and DCI based on the type of HRM catheter
used (8).

The endoscopic evaluation

EGD was performed using the GIF-Q260, GIF-H260, or
GIF-H290Z endoscope (Olympus, Tokyo, Japan), either in a
fully conscious state or under conscious sedation achieved
using pethidine hydrochloride. We evaluated the EGJ mor-
phology in all patients for the presence of three endoscopic
findings based on previous studies: esophageal rosette sign
(ERS) (9), gastroesophageal flap valve (10), and esophageal
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Patients who underwent HRM due to upper
gastrointestinal symptoms from July 2013 to
September 2019 in our institute

259 patients

Achalasia: 29 patients
Major disorders of peristalsis: 7 patients
Minor disorders of peristalsis : 45 patients

Normal: 147 patients

EGJOO
31 patients

Status after ESD: 2 patients
Eosinophilic esophagitis: 2 patients

Endoscopy performed at other institute: 4 patients

Functional EGJOO

23 patients

Figure 2. Flowchart of the study design. HRM: high-resolution manometry, EGJOO: esophagogas-
tric junction outflow obstruction, ESD: endoscopic submucosal dissection

mucosal breaks. ERS was defined as the non-visibility of
the full extent of the esophageal palisade vessels above the
EGJ and the appearance of rosette-like folds at the luminal
center of the lower esophagus, after a deep inspiration by
the patients while air was pumped into the lower esophagus
by endoscopy (Fig. 3). The presence of a grade IV gastroe-
sophageal flap valve was indicative of esophageal hiatal her-
nia in this study (Fig. 4). The mucosal breaks were defined
as per the Los Angeles classification (11). Aside from the
above-mentioned EGJ morphology, abnormal retention of
liquid or food in the esophagus, which is often seen in pa-
tients with achalasia, and the presence of features suggestive
of atrophic gastritis were also evaluated.

Three endoscopists reviewed the observations of 23 pa-
tients retrospectively and evaluated their endoscopic find-
ings; the evaluators were blinded to patient information. If
the diagnosis did not match among the three endoscopists,
the final diagnosis was decided after deliberation.

Study endpoints

The primary endpoint was set as the presence of abnor-
mal morphology on EGD based on the presence of the fol-
lowing three endoscopic findings: ERS, gastroesophageal
flap valve and esophageal mucosal breaks, and abnormal re-
tention of liquid or food in the esophagus. We set the secon-
dary endpoint as the clinical differences between the patients

with ERS and those without.
Statistical analyses

The chi-squared and Fisher’s exact test were used for the
inter-group comparison of qualitative variables, and the
Mann-Whitney U test was used for the comparison of quan-
titative variables. All statistical analyses were performed us-
ing the SPSS software program for Windows, version 25.0
(IBM, Armonk, USA). A p value <0.05 was considered sta-
tistically significant.

Ethical approval

This study was retrospective in nature and was performed
according to the ethical principles of the Declaration of Hel-
sinki for medical research involving human subjects. The
protocol was approved by the Ethics Committee of Torano-
mon Hospital.

Results

Patient characteristics

Patient characteristics are shown in Table 1. The median
(interquartile range; IQR) age of the 23 patients was 66 (54-
72) years old, and 5 (21.7%) patients were men. The most
common major symptom was dysphagia, which was seen in
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Figure 3. Representative images of the esophagogastric
junction. (A) Normal. (B) Esophageal rosette sign.

13 patients (56.5%). The median (IQR) duration of symp-
toms and the Eckardt scores were 18 (5-48) months and 2
(1-3) points, respectively. Twelve patients (52.2%) had no
evidence of atrophy in the stomach. HRM revealed that the
median (IQR) IRP was 31.2 (28.6-34.4) mmHg, which was
higher than the upper limit of normal. Other metrics related
to the manometric diagnosis based on the CC, version 3.0,
were within normal limits.

Primary endpoint

Five patients (21.7%) had ERS, whereas there were no
patients with grade IV gastroesophageal flap valve, esopha-
geal mucosal breaks, or the abnormal retention of liquid or
food in the esophagus (Table 2).

Secondary endpoint

The comparison between patients with and without ERS
is shown in Table 3. There were no significant differences in
the patient characteristics, such as the age, gender, and
symptoms. Among the HRM findings, the median value of
mean DCI was significantly higher in patients with ERS
(4,865 mmHg:s:-cm) than in those without ERS (3,597
mmHg-s-cm) (p=0.046). In addition, median values of IRP
and mean LES pressure were higher in patients with ERS
(35.1 and 63.4 mmHg) than in those without ERS (30 and
49.3 mmHg), respectively. However, they were not statisti-

Figure 4. Representative images of the gastroesophageal flap
valve. (A) Grade I gastroesophageal flap valve. (B) Grade IV
gastroesophageal flap valve.

cally significant (both p=0.067).

Discussion

The present study mainly investigated the esophageal en-
doscopic findings of functional EGJOO, diagnosed by
HRM. Esophageal obstructive lesions or strictures were
ruled out by EGD. ERS was seen in 21.7% of the patients.
There were no patients with grade IV gastroesophageal flap
valve, esophageal mucosal breaks, or abnormal retention of
liquid or food in the esophagus. With regard to HRM, the
median DCI value was significantly higher in patients with
ERS than in those without it. Even though the findings were
not significant, the median values of IRP and mean LES
pressure in patients with ERS were higher than in those
without it.

The diagnosis of EGJOO is based solely on the interpre-
tation of HRM. The purpose of further workup is to differ-
entiate the patients into subgroups (mechanical or func-
tional) and to better characterize the nature of any potential
obstruction, which cannot be made with HRM (6). EGD and
barium esophagogram are reportedly first-line investigations
and are likely to have complementary roles (6). However,
the previous literature has predominantly reported the find-
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Table 1. Patient Characteristics.

Patients, n

Age (years), median (IQR)

Gender, male (%)

Main symptom, n (%)

Dysphagia

Heartburn

Chest pain

Globus sensation

Others

Symptom duration (months), median (IQR)
Eckardt score, median (IQR)

No atrophy in the stomach, n (%)
Follow-up period after first HRM (days), median (IQR)
IRP (mmHg), median (IQR)

Mean LES pressure (mmHg), median (IQR)
UES basal pressure (mmHg), median (IQR)
DCI mean (mmHg-s-cm), median (IQR)
DCI max (mmHg-s-cm), median (IQR)

DL (s), median (IQR)

23
66 [54-72]
521.7)

13 (56.5)
3(13)
2(8.7)

4(17.4)
1 (4.4)
18 [5-48]
2[1-3]
12 (52.2)

484 [130-1,080]
31.2 [28.6-34.4]
54 [43.2-61.3]
64 [38.9-81.6]
4,025 [2,324-4,865]
5,386 [4,255-6,579]
6.9 [6.2-7.4]

IQR: interquartile range, HRM: high-resolution manometry, IRP: integrated relaxation
pressure, LES: lower esophageal sphincter, UES: upper esophageal sphincter, DCI: distal
contractile integral, DL: distal latency

Table 2. Esophageal Endoscopic Findings in Patients with
Functional Esophagogastric Junction Outflow Obstruction.

Endoscopic findings

Patients, n (%)

Esophageal rosette sign
Gastroesophageal flap valve (grade IV)
Esophageal mucosal breaks

Abnormal retention of liquid or food in the esophagus

5(21.7)
0
0
0

Table 3. The Comparison between Patients with ERS and Those without It.

Patients with ERS Patients without ERS

=5 n=18 p value
Age (years), median (IQR) 60 [47-74] 67 [56-72] 0.801
Gender, male (%) 0 5(27.8) 0.545
Dysphagia, n (%) 4 (80) 9 (50) 0.339
Symptom duration (months), median (IQR) 5[2.8-33.5] 18 [6.5-48] 0.172
Eckardt score, median (IQR) 2[1-4.5] 2 [1-3] 0.638
No atrophy in the stomach, n (%) 2 (40) 10 (55.6) 0.640
IRP (mmHg), median (IQR) 35.1[30.7-43.7] 30 [28.6-33.9] 0.067
Mean LES pressure (mmHg), median (IQR) 63.4 [49.9-71.5] 49.3 [42.4-59.2] 0.067
UES basal pressure (mmHg), median (IQR) 77 [46-95.8] 65.7 [40.2-88.1] 0.638
DCI mean (mmHg-s-cm), median (IQR) 4,865 [4,416-5,908] 3,597 [2,290-4,873] 0.046
DCI max (mmHg-s-cm), median (IQR) 6,269 [5,372-7,679] 5,299 [3,554-6,633] 0.150
DL (s), median (IQR) 6.5 [5.7-7.5] 6.9 [6.5-7.9] 0.403

ERS: esophageal rosette sign, IQR: interquartile range, IRP: integrated relaxation pressure, LES: lower esophageal

sphincter, UES: upper esophageal sphincter, DCI: distal contractile integral, DL: distal latency

ings of mechanical obstruction, and very few studies have
described the findings of functional obstruction. One study
reported that hiatal hernia was seen in 31%, rings in 15%,
esophagitis in 7%, and a mass in 2% of patients with me-
chanical obstruction (12). In contrast, 14.3% (2/14) of pa-

tients with functional EGJOO reportedly had abnormal EGD
findings, such as resistance when passing through EGJ, resi-
due in the esophageal lumen, and nonocclusive contraction.
However, a multivariate logistic regression analysis revealed
that functional EGJOO was not associated with endoscopic
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parameters (13). In our retrospective study, we investigated
patients with functional EGJOO, and 21.7% of these pa-
tients had the ERS. Iwakiri et al. reported that ERS, the ap-
pearance of rosette-like esophageal folds, was a characteris-
tic endoscopic finding in primary achalasia due to the high
prevalence of ERS in patients with achalasia compared to
the control subjects (97.1% and 0%, respectively) (9). To
our knowledge, no previous study has investigated the
prevalence of ERS in patients with esophageal motor disor-
ders except achalasia. Given that the prevalence of ERS was
0% in the normal control group, its prevalence in functional
EGJOO cases can be considered relatively high.

Based on our results, patients with functional EGJOO
could be divided into two groups: those with and those
without ERS. On comparing the manometric findings be-
tween the two groups, the median value of mean DCI was
significantly higher in the patients with ERS than in those
without it. The median values of IRP and mean LES pres-
sure in patients with ERS were also higher than in those
without it, but not to a significant degree. These results
show that patients with ERS had manometric findings simi-
lar to those with achalasia with respect to the IRP and mean
LES pressure. Furthermore, the results observed for the me-
dian value of the mean DCI in this study might indicate the
existence of compensation for esophageal clearance.

Functional EGJOO is considered to be an incomplete phe-
notype or an early stage of achalasia, and transformation of
EGJOO to type II achalasia has been reported (14). Further-
more, a study reported that 3 of 34 patients with functional
EGJOO developed achalasia at follow-up (3). No patients in
our study were diagnosed with achalasia in the follow-up
period. This might be because the median follow-up period
was relatively short (484 days), especially in the patients
with ERS (131 days). Although a small number of the pa-
tients who developed achalasia has been reported so far, we
consider the presence of ERS to be useful not only for acha-
lasia but also for functional EGJOO. ERS might be one of
the more reliable findings for predicting which patients
might develop achalasia. The further accumulation and as-
sessment of similar cases is required.

Several treatments, such as per-oral endoscopic myotomy
(POEM), botulinum toxin injection, Heller myotomy, pneu-
matic dilatation, smooth muscle relaxant therapy, and
proton-pump inhibitor (PPI) therapy, have been suggested
for EGJOO. However, a review reported that over 50% of
patients were given no therapy, with response rates of 52.0-
92.3% (6). Although EGJOO treatment should be tailored to
the underlying etiology and presenting symptoms, we be-
lieve that EGJOO with ERS should be treated more proac-
tively than that without ERS.

Several limitations associated with the present study war-
rant mention. First, this was a retrospective study in a single
institute, and the number of patients was relatively small.
Second, the men-to-women ratio was biased toward women.
Finally, the endoscopic findings were also evaluated retro-
spectively. However, this study was the first to elucidate the

endoscopic findings in patients with functional EGJOO. We
believe that our findings will help identify patients with
functional EGJOO who are likely to develop achalasia.

Conclusion

In conclusion, the present study revealed the endoscopic
findings of the EGJ morphology in patients with functional
EGJOO. There were some patients who had ERS, which is
often seen in achalasia.

The authors state that they have no Conflict of Interest (COI).
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