
ORIGINAL ARTICLE—ALIMENTARY TRACT

Endoscopic diagnosis of hiatus hernia under deep inspiration is
not consistent with esophageal manometric diagnosis
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Abstract

Background To investigate the relationship between

endoscopic and esophageal manometric hiatus hernia

(HH).

Methods Forty-six gastroesophageal reflux disease patients

with endoscopic HH under maintenance therapy were

recruited. Endoscopy was performed on all patients in a

fully conscious state. Endoscopic HH was defined as

apparent separation greater than 1 cm of the lower margin

of the esophageal palisade vessels and the diaphragm hia-

tus on endoscopy under deep inspiration. Esophageal

manometry was conducted using high-resolution manom-

etry (HRM). The length between the lower margin of the

lower esophageal sphincter and pulmonary inversion point

was measured 10 times. The mean and maximum of the

length was then calculated.

Results The mean HH length on HRM was 0 cm (0–0)

[median (25th to 75th percentile)], 0 cm (0-0), 0.5 cm

(0–1.1), and 2.2 cm (1.3–2.5) in the groups with endo-

scopic HH lengths of 1–2, 2–3, 3–4, and 4–5 cm, respec-

tively. The maximum HH length on HRM was 0 cm (0–0),

0 cm (0–0), 0.8 cm (0–1.4), and 2.4 cm (1.5–2.9) in the

1–2, 2–3, 3–4, and 4–5 cm endoscopic HH groups,

respectively. The mean and maximum HH lengths

increased significantly in the group with an endoscopic HH

length of 4–5 cm compared with the other groups, but did

not differ significantly among the 1–2, 2–3, and 3–4 cm

groups. Of patients with endoscopic HH less than 3 cm,

few had esophageal manometric HH greater than 2 cm.

Conclusions Endoscopic diagnosis of HH under deep

inspiration is not consistent with esophageal manometric

diagnosis, leading to overdiagnosis.

Keywords Hiatus hernia � Esophageal high-resolution

manometry � Endoscopy

Introduction

In a study that evaluated etiological factors of reflux

esophagitis by multivariate analysis [1–3], esophageal

hiatus hernia (HH) was reported to be one such factor.

Regarding the relationship between HH diagnosed by

esophagography and reflux esophagitis, delayed esophageal

acid clearance, prolonged esophageal acid exposure, and

severe reflux esophagitis were observed according to the

increase in the HH hernia length [4].

As the esophageal acid exposure time is judged to be

abnormal when it was 4.2% or higher within a 24-hour

period [5], patients in whom the esophageal acid exposure

time is 4.2% or higher are considered more likely to

develop esophageal mucosal breaks.

Regarding the relationship between the hernia length

and esophageal acid exposure time, as many patients with a

hernia length of 2 cm or greater on esophagography have

an esophageal acid exposure time of 4% or higher [4], a

hernia length of 2 cm or greater is often diagnosed clini-

cally as HH.

In Japan, esophageal HH is diagnosed primarily by

endoscopy, and a diagnosis of HH is made when the dis-

tance between the lower margin of the palisade vessels and

the diaphragm hiatus is 2 cm or greater [6, 7]. It is
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important to evaluate the palisade vessels during deep

inspiration [8]. However, it remains unclear whether the

diagnosis of HH is consistent between esophagography and

endoscopy. A study examined the length of HH measured

by esophagography and endoscopy, and demonstrated that

only 57.4% of definite endoscopic HH with over 3 cm of

gastric mucosa protrusion was regarded as definite HH by

esophagography [9]. This suggests that endoscopic HH

with a hernia length of 2 cm may not be detected as defi-

nite HH by esophagography. Thus, it is likely that the

diagnosis of HH by endoscopy and esophagography is not

consistent. In clinical practice, HHs with a hernia length of

approximately 2 cm are also observed in many patients

with no reflux symptoms during deep inspiration. However,

they rarely exhibit esophageal mucosal breaks. We suspect

that the endoscopic diagnosis of HH is not consistent with

the manometric diagnosis, which is the gold standard for

the diagnosis of HH. In this study, we evaluated the

validity of endoscopic diagnosis of HH using high-reso-

lution manometry, which is used for the definitive diag-

nosis of HH.

Methods

This study, which was carried out in Nippon Medical

School Chiba Hokusoh Hospital between 1 March 2015

and 31 March 2016, was a prospective study to investigate

the relationship between endoscopic and manometric HH

in gastroesophageal reflux disease (GERD) patients with

endoscopic HH under maintenance proton pump inhibitor

(PPI) therapy, and was performed according to the ethical

principles of the Declaration of Helsinki for medical

research involving human subjects. The protocol employed

was approved by the Ethics Committee of Nippon Medical

School Chiba Hokusoh Hospital (no. 441). All subjects

gave written informed consent prior to the study.

The study recruited 46 GERD patients (22 male, mean

age: 62.4 years) with endoscopic HH with a hernia length

greater than 1 cm on endoscopy under maintenance PPI

therapy. Endoscopy was performed by sufficiently

extending the esophagogastric junction (EGJ) by insuffla-

tion and deep inspiration before insertion of the endoscope

into the stomach, and hernia length was measured as the

distance to the lower margin of the palisade vessels in the

5–7 o’clock direction while withdrawing the endoscope

from the location immediately above the hiatus. This pro-

cedure was repeated 3–5 times, and a reproducible length

was regarded as the endoscopic hernia length, which was

classified as 1–2, 2–3, 3–4, or 4–5 cm. The endoscopic

hernia length between the hiatus and lower margin of the

palisade vessels was 1–2 cm in 10 patients (5 male, mean

age: 58.6 years), 2–3 cm in 17 (8 male, mean age:

60.5 years), 3–4 cm in 12 (6 male, mean age: 65.6 years),

and 4–5 cm in 7 patients (3 male, mean age: 68.6 years).

For the manometric diagnosis of HH, all patients

underwent high-resolution manometry (HRM: Starlet; Star

Medical. Inc.). After patients had fasted for 6 h or longer, a

manometry catheter with 36 channels at 1-cm intervals was

inserted from the nostril into the stomach, and the pressures

in the pharynx, esophagus, lower esophageal sphincter

(LES), and proximal stomach were measured in the left

recumbent position. After a 10-min accommodation fol-

lowing catheter insertion, 5 mL of water was swallowed,

and the presence or absence of HH was evaluated 5–15 s

later after the end of primary peristalsis. Water swallowing

(5 mL) was repeated 10 times, and the mean and maximum

hernia lengths were calculated. A diagnosis of manometric

HH was made when the hernia length between the pul-

monary inversion point (PIP), which indicates the location

of the diaphragm, and lower margin of the LES, which is

considered the lower end of the esophagus, was 2 cm or

greater.

The manometric HH length in each group was presented

as the median (25th to 75th percentile). The significance of

the differences in hernia length among the groups was

examined by Scheffé’s test. A value of P\ 0.05 was

considered significant.

Results

Mean manometric hernia length on HRM

in endoscopic HH

The mean manometric hernia length on HRM was 0 cm

(0–0), 0 cm (0–0), 0.5 cm (0–1.1), and 2.2 cm (1.3–2.5) in

the endoscopic HH groups with hernia lengths of 1–2, 2–3,

3–4, and 4–5 cm, respectively. The mean manometric

hernia length significantly increased in the endoscopic HH

group with a hernia length of 4–5 cm compared with the

other groups, but did not differ significantly among the

1–2, 2–3, and 3–4 cm groups (Fig. 1). Manometric HH was

confirmed in 1 of the 12 patients in the endoscopic HH

group with a hernia length of 3–4 cm and in 4 of the 7

patients in the endoscopic HH group with a hernia length of

4–5 cm.

Maximum manometric hernia length on HRM

in endoscopic HH

The maximum manometric hernia length on HRM was

0 cm (0–0), 0 cm (0–0), 0.8 cm (0–1.4), and 2.4 cm

(1.5–2.9) in the endoscopic HH groups with hernia lengths

of 1–2, 2–3, 3–4, and 4–5 cm, respectively. The maximum

manometric hernia length in the endoscopic HH with
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hernia length of 4–5 cm group was significantly greater

than in the other groups, but there was no significant dif-

ference among the 1–2, 2–3, or 3–4 cm groups (Fig. 2).

Manometric HH was confirmed in 1 of the 12 patients in

the endoscopic HH group with hernia length of 3–4 cm and

in 5 of the 7 patients in the endoscopic HH group with

hernia length of 4–5 cm.

Discussion

HH is defined as a displacement of the LES from the

diaphragmatic hiatus into the chest. Although esophageal

manometry is the optimal method for its evaluation, most

HHs are currently detected during endoscopy. However,

little is known about the relationship between endoscopic

and manometric detection of HH.

Endoscopic diagnosis of HH was made by measuring

the hernia length between the hiatus and the lower margin

of the palisade vessels. It is important to perform the

evaluation of the palisade vessels under deep inspiration. In

patients with severe reflux esophagitis with esophageal

mucosal breaks, it is difficult to evaluate the lower margin

of palisade vessels. Although the pattern of the palisade

vessels may be irregular and inconsistent after the healing

of mucosal breaks in patients with severe reflux

esophagitis, the location of the lower margin of palisade

vessels can be determined. Therefore, we can diagnose

hiatus hernia in all patients with severe reflux esophagitis.

HH cannot be evaluated by conventional manometry

using a sleeve sensor, because it measures the maximum

pressure at given time intervals in 6-cm segments across

the EGJ, and cannot separately measure the high-pressure

zones associated with the LES and the diaphragm. How-

ever, HH can be diagnosed more accurately by HRM,

which can detect the high-pressure zones in the LES and

diaphragm separately by measuring the pressure from the

lower esophagus to the proximal part of the stomach using

pressure sensors arranged at 1-cm intervals [10, 11]. In this

study, we evaluated the validity of the endoscopic diag-

nosis of HH using HRM, which is the most reliable method

for diagnosing HH.

In endoscopic HHs with a hernia length of 1–2 cm, the

mean and maximum manometric hernia lengths were less

than 1 cm, and no manometric HH was observed. In the

endoscopic HHs with a hernia length of 2–3 or 3–4 cm, the

mean and maximum manometric hernia lengths were also

less than 1 cm, and HHs with a hernia length of 2 cm or

greater, which are often associated with abnormal eso-

phageal acid exposure, were not observed. Figure 3 shows

Fig. 1 Endoscopic hiatus

hernia and mean manometric

hiatus hernia length

Fig. 2 Endoscopic hiatus

hernia and maximum

manometric hernia length
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the endoscopic findings and results of HRM in an endo-

scopic HH patient with a hernia length of 2–3 cm, and no

HH was detected on HRM. Figure 4 also shows the

endoscopic findings and results of HRM in an endoscopic

HH patient with a hernia length of 2–3 cm. Manometri-

cally, the hernia length was 6 mm; therefore, the endo-

scopic and manometric diagnoses were different. In

endoscopic HH patients with a hernia length of 4–5 cm, the

mean and maximum hernia lengths are[ 2 cm on HRM. In

practice, 1 of 12 patients with endoscopic HH with a hernia

length of 3–4 cm had manometric HH with mean and

maximum hernia lengths of [ 2 cm, 4 of 7 patients with

endoscopic HH with a hernia length of 4–5 cm had

manometric HH with a mean hernia length of[ 2 cm, and

5 of 7 patients had manometric HH with a maximum hernia

length of [ 2 cm. Moreover, the hernia length was sig-

nificantly greater in the endoscopic HH group with a hernia

length of 4–5 cm than in groups with hernia lengths of

\ 4 cm. However, as there was no significant difference in

hernia length among the endoscopic HH groups with hernia

length of\4 cm, endoscopically, HH with a hernia length

of 4 cm or greater was considered significant.

Diaphragm displacement during deep inspiration may be

involved in this overdiagnosis of HH by endoscopy.

Figure 5 shows displacement of the diaphragm during deep

inspiration. In this patient, the length between the lower

margin of the LES and PIP was 22 mm at the end of

expiration during rest, indicating the presence of HH with a

hernia length of 22 mm. In this state, deep inspiration

induces a 23-mm downward shift of the diaphragm, indi-

cating HH with a hernia length of 45 mm. This diaphragm

displacement during deep inspiration is likely the cause of

overdiagnosis of HH. Expansion of the stomach due to air

insufflation can also lead to the overdiagnosis of HH.

Figure 6 shows a patient with HH with a hernia length of

approximately 20 mm observed on endoscopy during deep

inspiration. When the EGJ was examined by fixing the

endoscope for a period of 1 min after deep inspiration, the

HH with a hernia length of approximately 20 mm gradu-

ally contracted and nearly disappeared. A similar HH with

a hernia length of 20 mm appeared again on repetition of

deep inspiration. This indicates that approximately 20 mm

of the gastric mucosa prolapses across the hiatus during

deep inspiration. The results of this study suggest that

endoscopic diagnosis of HH during deep inspiration is

incorrect. In Japan, examination for Barrett’s esophagus is

performed with the lower esophagus sufficiently extended

by deep inspiration. This method, which exposes the

53-year-old woman
Hernia length on endoscopy is 2–3 cm.

Hernia length on HRM is 0 mm 
(mean 0 mm, maximum 0 mm).

HRM = High-resolution manometry.

Fig. 3 Endoscopy and esophageal high-resolution manometry in a

patient with endoscopic hiatus hernia with a hernia length of 2–3 cm.

HRM high-resolution manometry

68-year-old man
Hernia length on endscopy is 2–3 cm.

Hernia length on HRM is 6 mm 
(mean 6 mm, maximum 12 mm).

HRM = High-resolution manometry.

Fig. 4 Endoscopy and esophageal high-resolution manometry in a

patient with endoscopic hiatus hernia with a hernia length of 2–3 cm.

HRM high-resolution manometry
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palisade vessels, is useful for examination of Barrett’s

mucosa, but according to our results it is likely to lead to

overdiagnosis of HH. Diagnosis of HH during expiration at

rest may be recommended. In the future, we would like to

perform esophageal pH monitoring in patients with HH

diagnosed endoscopically during deep inspiration, clarify

the relationship between the hernia length and abnormal

esophageal acid exposure time, and validate our

hypothesis, as well as establish an endoscopic diagnostic

method for HH with abnormal esophageal acid exposure.

Although the major mechanism of acid reflux is tran-

sient LES relaxation, transient LES relaxation is not always

accompanied by acid reflux [12–15]. With regard to the

difference in proportion of acid reflux during transient LES

relaxation [12–15], the location of the acid pocket, which is

the layer of acid that appears postprandially above the

dietary layer immediately below the EGJ as the source of

Fig. 5 Displacement of the

diaphragm after deep inspiration

in a patient with hiatus hernia

with a hernia length of 22 mm

at rest. The diaphragm was

displaced downward by 23 mm

during deep inspiration, and a

hiatus hernia with a hernia

length of 45 mm was observed

Fig. 6 Change in hiatus hernia

during usual respiration in an

endoscopic hiatus hernia patient

with a hernia length of

approximately 2 cm during

deep inspiration. A hiatus hernia

with a hernia length of

approximately 2 cm was

observed after deep inspiration

(a). Observation using a fixed

scope without insufflation

during normal respiration. The

hiatus hernia regressed (b), then

disappeared (c), and the hiatus

hernia with a hernia length of

2 cm appeared again on deep

inspiration
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postprandial acid reflux, is considered to be very important

[16, 17]. When the acid pocket is located in the hernia sac

(supradiaphragmatic location), the proportion of acid reflux

episodes during transient LES relaxation (70–85%) is sig-

nificantly higher than when it is located below the dia-

phragm (7–20%) [18]. Retention of gastric acid in the HH

means that the HH is of considerable size on endoscopy

and has a hernia sac. Considering this, the endoscopic

diagnostic criteria of hernia length greater than 4 cm may

be appropriate, and HHs with no hernia sac may have little

pathological significance.

Endoscopic examination during deep inspiration leads to

overdiagnosis of HH. Of the endoscopic HHs with a hernia

length of approximately 2 cm during deep inspiration,

there were no manometric HHs with a hernia length greater

than 2 cm. Manometric HH with a hernia length of

approximately 2 cm was often endoscopic HH with a

hernia length greater than 4 cm.
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