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ABSTRACT

Background: High-resolution manometry (HRM) is a
breakthrough in the morphological study of the gastroesophageal
junction (GEJ) and its degrees of disruption.

Objectives: a) Assessment of risk factors involved in the
disruption of the GEJ in patients with gastroesophageal reflux (GER)
symptoms; b) the relationship between the type of GEJ and GER
demonstrated by 24 hours pH-monitoring; and c) identification
of the alterations in the manometric parameters related to the
morphology of the GEJ.

Methods: One hundred and fifteen patients with symptoms of
GER studied with HRM and classified by the type of GEJ (type I:
Normal; type II: Sliding; type Ill: Hiatal hernia). Twenty four hour
pH-monitoring without proton pump inhibitors was performed in all
of them. Epidemiological aspects, manometric parameters (Chicago
2012 classification) and the pH-monitoring results were evaluated.

Results: Age (OR 1.033 [1.006-1.060]; p = 0.16), BMI (OR
1.097 [1.022-1.176]; p = 0. 01) and abdominal perimeter (OR
1.034 [1.005-1.063]; p = 0.0215) were independent risk factors
for the GEJ type III (area under the curve 0.70). Disruption of the
GEJ was associated with a lower resting pressure (p = 0.006),
greater length (p < 0.001) and greater esophageal shortening (p
< 0.001). Abnormal acidic reflux was found in the total period (p
= 0.015), standing (p = 0.022) and supine (p = 0.001) in patients
with GEJ type I and IIl with respect to type 1.

Conclusions: Increased age, overweight and central
obesity pose a higher risk of GEJ type III (hiatal hernia). The
greater disruption of the GEJ is associated with lower resting
pressure, esophageal shortening, and higher acid exposure in the
pH-monitoring.
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INTRODUCTION

The gastroesophageal junction (GEJ) is a complex
structure that regulates, in a coordinated manner, the pas-
sage of food to the stomach and prevents the retrograde
movement of gastric content that is potentially harmful to
the esophagus.

The lower esophageal sphincter (LES) is not only a
thickening of the circular smooth muscle layer, but it also
features other muscles with different physiological char-
acteristics. Thus, the intrinsic musculature of the GEJ is
formed by semicircular smooth muscle fibers with a con-
stant myogenic tone (mediated by the myenteric plexus)
and gastric sling fibers on its left side portion, with low
basal tone although they contract with cholinergic stimu-
lation (1). Whereas the extrinsic muscles that are com-
posed of the crural diaphragm (CD), embracing the LES,
increases the pressure on the GEJ during inspiration (2).
Under normal circumstances, the esophagus is anchored
to the diaphragm in a way that prevents displacement of
the stomach through the diaphragmatic hiatus towards
the mediastinum. The main restraining structures are the
phrenoesophageal ligaments also known as phrenoesopha-
geal membrane. In addition to its role in maintaining the
fixation of the esophagogastric region to the diaphragm,
the phrenoesophageal membrane also closes the virtual
space between the esophagus and diaphragm, making it
a key structure in the pathogenesis of the hiatal hernia.
With age, elastic tissue of the phrenoesophageal membrane
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decreases progressively, increasing its laxity and favoring
the disruption of the GEJ (3). This causes, to a greater
or lesser extent, the separation of the LES and the DC,
leading to the ultimate expression of this phenomenon as
the hiatal hernia. This separation reduces the competence
of the gastroesophageal barrier favoring gastroesphageal
reflux (GER) (4) and also causes the alteration of esopha-
geal motility (5).

High resolution manometry (HRM) is useful for the cor-
rect identification and detection of the different degrees
of disruption of the GEJ (6-8). Three subtypes of GEJ are
identified according to their morphology and extent of dis-
ruption from a manometric point of view (9).

The objectives of this study were: a) Rating the risk fac-
tors involved in the disruption of the GEJ in patients with
GER; b) identifying the relationship between the type of
GEJ and GER demonstrated by 24 hours pH-monitoring;
and c) identification of the alterations in the manometric
parameters related to the morphology of the GEJ.

MATERIAL AND METHODS
Patients and inclusion criteria

This is a transversal and observational study from Janu-
ary 2012 to February 2013. During this period, 155 patients
with typical and atypical GER symptoms were prospec-
tively included.

Inclusion criteria were: a) Informed consent obtained;
b) minimum age of 18 years; c) exclusion of organicity by
barium esophagogram study or upper endoscopy; and d)
completion of GER symptoms questionnaire.

The patient’s symptoms were recorded using a stan-
dard questionnaire, considering typical GER symptoms
such as the presence of heartburn or regurgitation at least
once a week. GER atypical symptoms that were included
were: a) Atypical ear nose and throat (ENT): Dysphonia
and pharyngeal globus, defined as a feeling of pharyngeal
foreign body with a frequency of at least once a week; b)
pulmonary: Frequent chronic cough (at least 4 times a day,
4 days or more per week); and c) non cardiac chest pain
defined as retrosternal pain different from heartburn with
a frequency of at least once a week.

Exclusion criteria were: a) Patients referring esopha-
geal dysphagia with concomitant symptoms of reflux, as
the correlation between esophageal motor disorder and
symptoms of reflux are not very consistent (10); b) previ-
ous surgical or endoscopic treatments on the GEJ; and c)
patients that refused to sign the informed consent.

With these criteria 30 patients with esophageal dys-
phagia and 10 patients who had undergone treatments on
the GEJ were excluded, so the final number of patients
included in the study was 115.

The study was approved by the Ethical Committee of
the Hospital Universitario 12 de Octubre.
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Protocol for esophageal high-resolution manometry

HRM was performed by using a solid-state manometric
assembly with 36 circumferential sensors spaced at 1-cm
intervals and outer diameter of 4.2 mm (Given Scientific
Instruments Inc, Los Angeles, CA, USA). Prior to record-
ing, the transducers were calibrated at 0 and 300 mm Hg
using externally applied pressure. After confirmation of
potential allergies, topical viscous lidocaine 5 %o was
applied to numb the nares followed by tans-nasal catheter
insertion.

Manometric studies were performed on basal condi-
tions (after withholding medication known to affect gas-
trointestinal function) and in supine, obtaining a simul-
taneous recording from the hypopharynx to the stomach
with at least three intragastric sensors. After 5 minutes the
patient became accustomed to the probe, the recording
started with a 30-s basal period without swallowing to
obtain the upper esophageal sphincter and GEJ pressures
followed by ten 5-mL swallows at 20 second intervals
(11), rejecting those swallows in which the patient swal-
lowed twice or the interval between swallows was less
than 20 seconds, to finally obtain ten swallows interpre-
table for the analysis (12).

24 hour pH-monitoring protocol

Double channel 24-hour ambulatory pH-monitoring
without proton pump inhibitors (PPI) treatment was per-
formed with a two channels catheter that were placed
5 cm and 20 cm respectively, above the upper limit of
the GEJ. The study catheter was attached to an ambula-
tory recorder (Matla Systems Inc, Madrid, Spain). The
patients were encouraged to maintain normal activity,
sleep schedule, and their dietary routine at their normal
times. A diary was provided for each patient to record the
time and duration of meals, posture changes and symp-
toms.

Data analysis

The following epidemiological and clinical data were
obtained: a) Demographics: Age, sex, weight and height to
calculate the body mass index (BMI), abdominal perimeter
length; c) life habits: Tobacco, alcohol and coffee intake;
¢) medical history; d) prior consumption of PPI; and e)
symptoms of GER.

Manometric data were analyzed using Mano View™
software version 3.0 (Given Scientific Instruments Inc. The
Angeles, CA, USA). The GEJ were classified into type I
(CD is completely overlapped with LES), type II (sliding:
Separation of 1-2 cm between CD and LES) and type 111
(hiatal hernia: Separation between CD and LES exceeds
2 cm) (9) (Fig. 1). The separation between the LES and
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the CD was measured at the inspiratory peak. End expira-
tory EGJ pressure was measured during the basal period
with the absence of swallowing, and then referenced to
the intra-gastric pressure. The cases with large hiatal her-
nias in which the CD pressure mark was not identified, the
reference used was atmospheric pressure using the “smart
mouse” tool provided by the software Mano View™ ver-
sion 3.0. Integrated relaxation pressure within 4 seconds
(IRP-4s) was measured using automated analysis tool with
the same software, defined as the lowest average residual
pressure for 4 contiguous or non contiguous seconds with-
in the post swallow period during 10 swallows. IRP-4s
normal value has been defined as less than 15 mm Hg in
supine (6).

The following manometric parameters were evaluated:
a) LES: Mean basal and IRP-4s, total, intra-abdominal
and intra thoracic length GEJ length. In GEJ type III, the
length of the LES, CD and hernia sac were measured;
and b) esophageal body (EB): Length, percentage of
peristaltic, simultaneous, failed and premature contrac-
tions, mean distal contractile integral (DCI), contractile
front velocity (CFV), intrabolus pressure (IBP) and distal
latency (DL).

Two experienced investigators performed HRM and
analyzed the HRM plots obtained for each patient. With
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the parameters obtained from them a final diagnosis of
LES, EGJ morphology and EB was provided according
to the diagnostic criteria proposed by the Chicago group
(2012 classification) (13).

LES diagnosis was divided into four groups for
analysis as normal, hypotensive, hypertensive and GEJ
functional obstruction. Hypotensive LES was considered
when resting LES pressure was < 10 mm Hg and normal
IRP-4s (< 15 mm Hg) and hypertensive when LES resting
pressure was > 35 mm Hg and normal IRP-4s. Functional
obstruction was considered when IRP-4s > 15 mm Hg
in supine.

The subgroups for weak peristalsis that included small
and large peristaltic breaks and frequent failed peristalsis
were considered together for analysis purposes.

Data obtained from the pH monitoring were: Percent-
age of time pH < 4 total period; percentage of time pH
< 4 in the upright position; percentage of time pH < 4
in the supine position, in both distal and proximal chan-
nels; DeMeester score and the symptomatic index. For the
analysis, the normal values reported by DeMeester were
used (14). The symptomatic index was used to correlate
the symptoms and the episodes of reflux, requiring at least
5 symptomatic episodes for analysis and it was considered
positive if = 50 %.

Fig. 1. Topographic plots of the different GEJ by high resolution manometry.

REv Esp EnrerM DiG 2014; 106 (1): 22-29
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Table I. Epidemiological and clinical data according to the GEJ type

25

Age

Sex (F)

BMI (kg/m?)

Abdominal perimeter (cm)
Tobacco (cigarettes/day no.)

Alcohol (g/day)
Non drinker

< 40 g ethanol
40-80 g

Coffee (cups/day)
No

1-2 cups

2 cups

Comorbidity
No
Yes

Prior IBP
No
Yes

Type GERD symptoms
Typical

Typical and atypical
Atypical ENT/pulmonary
NCP

GEJ I (n =56)
49.3 [45. 4-53.2]
33(58.9 %)
25.2 [23.9-26.4]
88.5[84.8-92.2]
1.6 [0.4-2.8]

45 (80.4 %)
10(17.9 %)
1(1.8 %)

27 (48.2 %)
25 (44.6 %)
4(7.1 %)

21(37.5 %)
35(62.5 %)

6 (10.7 %)
50 (89.3 %)

23 (41.1 %)
6 (10.7 %)
18 (32.1 %)
9(16.1 %)

GEJ ll (n = 44) GEJ Il (n = 15) p value
54.3 [49.6-58.9] 64.9 [58.5-66] 0.001
28 (63.6 %) 10 (66.7 %) 0815
27.9(26.3-29.7] 31.4[25.4-37.4] 0.001
95.6[91.5-99.6] 98.4[92.6-104.2]  0.003
1.5[03-2.8] 16-1.1-3.1] 0.594
0.606
35(79.5 %) 10 (66.7 %)
9(20.5 %) 5(33.3 %)
0 0
0.097
10 (22.7 %) 6 (40 %)
26 (59.1 %) 7 (46.7 %)
8(18.2 %) 2(13.3 %)
0.068
9(20.5 %) 2(13.3 %)
35(79.5 %) 13(86.7 %)
0.872
5(11.4 %) 1(6.7 %)
39(88.6 %) 14 (93.3 %)
0.054
28 (63.7 %) 12 (80 %)
3(6.8 %) 1(6.7 %)
10 (22.7 %) 0
3(6.8 %) 2(13.3 %)

BMI: Body mass index; PPI: Proton pump inhibitors; ENT: Ear, nose and throat; GERD: Gastroesophageal reflux disease; NCP: Non cardiac chest pain.

Statistical analysis

Descriptive analyses of the qualitative and quantitative
variables mentioned, were performed. Qualitative vari-
ables were described using absolute frequency and per-
centages, while quantitative variables were expressed as
mean and confidence interval (CI) 9 %.

For comparisons of quantitative variables accord-
ing to the GEJ type the Kruskal-Wallis test was used
for independent data. When statistical significance was
achieved, the Mann-Whitney test was used to compare
pairs correcting the p-value. For categorical variables the
Chi-square test or Fisher’s exact test, when appropriate,
were applied. Using ordinal logistic regression models
the clinical and epidemiological factors that might influ-
ence the hiatal hernia were estimated in a univariate form,
obtaining the crude odds ratio, and in a multivariate form
the odds ratio adjusted for each of the variables that were
part of the model were obtained. Due to the relation-
ship between BMI and abdominal perimeter, two differ-
ent models were built excluding in each model one of
the two variables. To assess the relationship between the
length of the hernia sac, and the esophageal body a linear
regression model was used. The level of significance was
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established at 5 %. Analyses were performed using the
statistical program SPSS 18.0.

RESULTS

The epidemiological and clinical characteristics accord-
ing to the GEJ type are expressed in table I. The disrup-
tion of the GEJ, manifested by the separation between the
LES and the CD is associated with older age (p = 0.001),
overweight (p = 0.001) and central obesity (abdominal
perimeter) (p = 0.003). Patients with GEJ type I had a
higher frequency of atypical GER symptoms compared
to patients with GEJ type II or type III where typical
GER symptoms were more predominant (p = 0.054). In
the univariate analysis, the older age, the higher BMI and
abdominal perimeter and more comorbidity were associ-
ated with an increased risk of having GEJ type III (hiatal
hernia) (Table II). In the multivariate analysis, independent
risk factors for GEJ type III were older age and higher
BMI (Table II), resulting in an area under the curve of
0.70. Analyzing the other multivariate model involving the
abdominal perimeter, independent risk factors for GEJ type
III were ageing (OR 1.035 [1.008-1.062]; p =0.0109) and
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Table Il. Univariate and multivariate analysis. Risk factors associated with GEJ type lll (hiatal hernia)

Univariate analysis

Multivariate analysis

Risk factor OR IC [95 %] p-value OR IC [95 %] p-value
Age* 1.042 [1.016-1.069] 0.0013 1.033 [1.006-1.060] 0.016
Sex 1.265 [0.615-2.600] 0.5231

BMI* 1.118 [1.044-1.198] 0.0015 1.097 [1.022-1.176] 0.01
Abdominal perimeter* 1.043 [1.015-1,072] 0.0024

Tobacco 0.983 [0.903-1.069] 0.6833

Alcohol 1.437 [0.622-3.320]  0.3964

Coffee 2.063 [0.980-4.342]  0.0564

Comorbidity** 2.638 [1.148-6.061]  0.0223

Prior IBP 1.151 [0.365-3.630] 0.8108

*p < 0.01; **p < 0.05; BMI: Body mass index; OR: Odd ratio; Cl: 95 % confidence interval.

increased abdominal perimeter (OR 1.034 [1.005-1.063];
p = 0.0215), resulting in an area under the curve of 0.70.

The parameters of HRM and pH-monitoring depending
on the type of GEJ are expressed in table 3. In six cases
with GEJ type III, with a large hernia sac, the identifica-
tion of the CD was not possible, so LES resting pressure
was referenced to atmospheric pressure, the mean rest-
ing pressure in these cases being that of 26.1 [19.6-32.6]
mm Hg. Disruption of the GEJ was associated with lower
resting pressure with (p = 0.006), greater GEJ length (p
< 0.001) and a further shortening of the esophagus (p <
0.001) respect to GEJ type I (Table III). In those patients
with GEJ type IlI, the average LES length was 2.5 cm
[2-2.9]; average CD length 2.1 cm [1.8-2.5] and hernia sac
length 3.9 cm [2.5-5.2], noting that the increase of one unit
in the length of the hernia sac decreases the length of the
esophagus in 0.963 (p = 0.013) (Fig. 2).

GEJ type II group showed more hypotonia and GEJ
type III (hiatal hernia) group a higher degree of functional
obstruction (p = 0.056) compared to GEJ type I group (Fig.
3). There were no significant differences in the final diagno-
sis for esophageal body among the studied groups (Fig. 3).

Greater acid exposure was found at the level of the distal
esophagus during total (p = 0. 015), upright (p = 0.022)
and supine (p = 0.001) periods in patients with GEJ type II
and III than in patients with GEJ type I (Table III), without
significant differences observed in the proximal esophagus.
In patients with GEJ type II and III the pH-monitoring
result was frequently abnormal (Fig. 4). There were no
differences in the symptomatic index between the groups
(p =0.509).

DISCUSSION

The GEJ is a structure dependent on the close ana-
tomical relationship between the distal esophagus, the

diaphragmatic hiatus and the stomach. It is important to
recognize that this relationship is not static, and a physi-
ological “herniation” can occur during primary or second-
ary peristalsis, esophageal distension, and the temporary
relaxation of the LES (3,15). This mobility depends on the
contractile activity of esophageal longitudinal muscle and
the integrity and elastic properties of the phrenoesophageal
membrane (16,17). As a result, it is difficult to measure the
sliding hiatal hernia, because its diagnosis is not standard-
ized and variability in its measurement between the differ-
ent methods of detection such as barium radiology, upper
endoscopy and manometry exists (3,18). However, HRM
allows an efficient assessment of the normal GEJ and dif-
ferent levels of disruption including hiatal hernia, which
is important for its involvement in gastroesophageal reflux
disease (GERD) (19). In our study, patients with GEJ dis-
ruption generally had typical GER symptoms compared to
those with normal GEJ, so that the different types of GEJ
were related to a different form of symptomatic presenta-
tion of GERD.

Both age and obesity are factors frequently involved in
hiatal hernia (3,20). Our results also confirmed that ageing,
overweight and central obesity are the independent risk
factors for the disruption of the GEJ. Different degrees of
disruption of the GEJ, especially the hiatal hernia, were
found also to be associated with GER (4). In our study,
patients with GEJ type II and particularly those with type
III, had a greater acid exposure in the distal esophagus,
especially during the night, though disruption of the GEJ
did not influence the proximal extent for GER.

It has been described that the presence of a large hiatal
hernia modifies the values of the measurement parameters
for HRM in the body of the esophagus, so patients with
large hiatal hernia have lower average LES pressures,
lower DCI, slower CFV and shorter DL (5). We also con-
firmed these findings in the GEJ type III with respect to
the other types of GEJ. These changes appear to be related

REv Esp EnrerM DiG 2014; 106 (1): 22-29
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Table lll. HRM and pH-monitoring parameters according to GEJ type
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HRM parameters

GEJ I (n = 56) GEJ Il (n = 44) GEJ Il (n = 15) p value
Resting pressure (mm Hg) 16.3[13.8-18.8] 10.6 [9-12.3] 13.9[9.8-18.1] 0.006
IRP-4s 8.7 [7.4-9.9] 7.5[3.5-8.9] 11.3[7.9-14.7] 0.133
GEJ total length (cm) 4[3.9-4.2] 4.7 [4.5-4.9] 8.5[6.9-10.2] < 0.001
Abdominal length cm) 2.3[2.2-2.4] 2.1[1.9-2.3] 0.003
Thoracic length (cm) 1.8[1.7-1.9] 2.5[2.2-2.8] 0.594
Esophageal body length 24.6 [24.1-25.1] 23.6 [23-24.1] 20.5[18.5-22.4] < 0.001
DCl (mm Hg.cm.s) 2525.5[2063.7- 1981.4[1537.9- 1865.4 [1159.7- 0.204

2987.4] 2424.9] 2570.9]
CFV (cm/s) 4.9(3.1-6.7] 4.1[3.1-5.1] 2.9[2.5-3.4] 0.027
IBP (mm Hg) 24.6 [20.7-28.5] 19.3[16.9-21.5] 21.3[17.1-25.5] 0.136
DL (s) 6.3 [5.7-6.9] 6.9 [5.6-8.3] 5.8[2.4-14.1] 0.577
Peristaltic % 88.6[82.9-94.2] 87.2 [81.1-93.2] 98.7 [96.7-100.6] 0.066
Simultaneous % 5.9[2-9.7] 6.2 [1.7-10.7] 0.67 [-0.8-2.1] 0.290
Failed % 5.5[2.3-8.8] 6.9 [3.3-10.7] 0.67 [-0.8-2.1] 0.141

24 hours pH-monitoring parameters

GEJ I (n = 56) GEJ Il (n = 44) GEJ Il (n=15) p value
% pH total distal 2.3[1.6-2.9] 4.9[3.6-6.4] 8.1[3.4-12.8] 0.015
% pH upright distal 2.6[1.9-3.4] 5.9 [4.3-7.6] 7.2 [3.2-11.3] 0.022
% pH supine distal 1.3[0.6-2.1] 3.8[1.8-5.8] 8.9[2.5-15.2] 0.001
% pH total proximal 0.6 [0.4-0.9] 0.8 [0.5-1.1] 0.5[0.1-0.9] 0.811
% pH upright proximal 0.7 [0.4-1] 1.2[0.7-1.7] 0.9[0.1-1.7] 0.594
% pH supine proximal 0.4 [0-0.8] 0.1[0-0.2] 0.1 [0-0.2] 0.985
DeMeester distal 9.8 [6.6-13] 19.8[14.2-25.3] 30.9[13.6-48.3] 0.014
DeMeester proximal 3.3[2.1-4.4] 3.8 [2.5-5.1] 2.711.1-4.3] 0.700

IRP-4s: 4 second integrated relaxation pressure; DCI: Distal contractile integral; CFV: Contractile front velocity; IBP: Intrabolus pressure; DL: Distal latency.

to a reduced esophageal length found in these patients (5),
also confirmed by this study. However, despite these vari-
ations in the manometric parameters, the final diagnosis
for esophageal body was not modified which coincides
with previous reports (5). However, this fact may be con-
ditioned by the small size of our sample for GEJ type III.
On the other hand, the disruption of the GEJ can decrease
its resting pressure. In this sense, we found significant dif-
ferences between the patients with normal GEJ, and those
who had some degree of disruption as the type II group
which presented more hypotonic LES. In addition, some
hiatal hernias may cause outflow obstruction caused by
the anatomical distortions at the GEJ (21). In our study, a
higher incidence of outflow obstruction was encountered
in patients with hiatal hernia compared to the other GEJ
type groups. This finding could have a relationship to a
certain degree of obstruction at CD level rather than an
alteration of LES relaxation which has been described by
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cmeb =24.2 — 0.97 saclength
R-2=04725

Hernia sac length (cm)

Esophageal body length (cm)

Fig. 2. Correlation between the length of the hernia sac and esophageal
shortening (cmeb: Esophageal body length; saclength: Length of the
hernia sac).
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GEJ type and HRM results for LES

® Normal

Hypotensive

GEJI GEJII

GEJ typeand HRM results for esophagealbody

OHypertensive

B Functional obstruction

GEJIII A

100
90

p=0.500
80

60

50 |

W Normal

B Weak peristalsis

Hypertensive ("Nutcracker")

40

30

B Hypercontractile ("Jackhammer")

B Distal spasm

O EMD secondary to functional
obstruction

B

GEJI GEJII

GEJIII

Fig. 3. Result of HRM for LES (A) and esophageal body according to the GEJ type (B) (EMD: Esophageal motor disorder).

other authors (21). Therefore, any alteration in the GEJ
relaxation observed in large hiatal hernias may be caused
to a greater extent by the anatomical distortion of the pas-
sage of the stomach to intrathoracic level (5).

Our study has some limitations, the most significant
being the low number of patients with GEJ type III. This

GEJ type and pH-monitoring result

p<0,001

GEJI GEJII GETIII

M normal abnormalreflux M hypersensitivity

Fig. 4. Result of the pH-monitoring according to the GEJ type.

was due in part to the restrictive inclusion criteria, as we
only included patients with typical or atypical GER symp-
toms, having excluded those who also presented with dys-
phagia, as longer hernias might cause this symptom.

In conclusion, ageing, overweight and central obesity
were risk factors for developing GEJ disruption, finding
lower resting pressure, less esophageal length and greater
acid exposure in the patients with GEJ type II and III.
Those with GEJ type III (hiatal hernia) showed some
differences in HRM parameters in the esophageal body,
though this did not modify the final diagnosis.
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