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Abstract

Background The purpose of this study was to assess the
effect of body position on lower esophageal sphincter
(LES) structure and function.

Methods Symptomatic patients underwent high-resolu-
tion manometry in the supine and upright positions fol-
lowed by pH testing. Regardless of whether there was a
positive DeMeester score, isolated upright reflux patterns
were considered present when the supine fraction of time
pH <4 = 0%. Predominant-upright and predominant-
supine bipositional reflux (SBR) patterns were considered
present when the supine fraction of time was <upright
fraction of time pH <4 and the supine fraction was
>upright fraction of time pH <4, respectively.

Results Of 128 patients, 35 isolated upright, 55 predomi-
nant-upright bipositional, and 27 SBR patients were identi-
fied. When supine, LES pressure/length was higher in upright
compared to bipositional reflux patients. When upright, there
was no difference in LES pressure/length between groups.
The LES in isolated upright reflux patients became defective
when moved from supine to upright position compared to
bipositional patients, where the LES was defective regardless
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of position. Although the incidence of laryngopharyngeal
reflux (LPR) events was comparable between groups, isolated
upright patients commonly had a normal DeMeester score.
Conclusion Position impacts LES competency in those
with upright reflux and would not be detected with supine
manometry. Upright reflux can be associated with GERD
and LPR despite negative pH testing.

Introduction

Gastroesophageal reflux disease (GERD) is the most com-
mon esophageal disorder and can result in a wide variety of
clinical presentations, including typical symptoms such as
heartburn and regurgitation and atypical symptoms such as
cough, hoarseness, and globus sensation. Based on distal
esophageal pH testing, three distinct patterns of position-
related reflux have been described: upright, supine, and
bipositional reflux [1]. Isolated upright reflux may represent
the earliest manifestation of GERD, with progression to
bipositional reflux signifying a worsening disease state with
complete loss of the antireflux barrier. The exact mechanism
of upright reflux is poorly understood, although several
hypotheses have been suggested [2, 3]. In most patients with
upright reflux and laryngopharyngeal reflux (LPR) symp-
toms, the endoscopic appearance of the gastroesophageal
valve appears normal in the supine position but then
becomes patulous in the upright position [4]. Using multi-
channel intraluminal impedance (MII) testing, we have
previously demonstrated that proximal reflux events (prox-
imal esophagus or hypopharynx) in patients with LPR
symptoms occur almost exclusively in the upright position,
and many of the patients in this series had a complete
symptomatic response with antireflux surgery despite a
normal preoperative DeMeester score [5]. Based on these
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observations, we hypothesize that the upright body position
has a shortening effect on the intragastric lower esophageal
sphincter (LES) in select patients with symptoms of LPR that
leads to the rapid egress of air and gastric contents. The
resultant reflux events are few in number, delivered proxi-
mally, of small volume, and rapidly cleared and therefore
elude consistent detection with conventional pH testing [6].
We theorize that even if reflux events are detected, it is likely
that these patients will not fall within the abnormal range
established for patients with typical GERD symptoms.

The purpose of this study was to assess the effect of
body position on the LES structure and function and to
determine whether the characteristics of reflux events
(proximity, content, clearance times) correlate with a par-
ticular position-related reflux group.

Materials and methods
Patient population and study design

This retrospective review was performed under the approval
of the institutional review board of the University of Pitts-
burgh. Eligible subjects included patients with typical and/or
atypical symptoms of GERD and underwent esophageal
objective testing, including barium esophagram, upper
endoscopy, supine and upright high-resolution manometry,
and 48-h wireless pH monitoring or 24-h MII-pH from
December 2009 to November 2010. All antisecretory medi-
cation such as proton pump inhibitors (PPI) and H2 blockade
was discontinued 10 days prior to pH testing with or without
MII testing. Based on the position-related acid exposure time,
subjects were categorized into three distinct groups regardless
of whether there was a positive DeMeester score: (1) isolated
upright reflux, (2) predominant-upright bipositional reflux
(UBR), and (3) predominant-supine bipositional reflux (SBR)
groups. Detailed demographic data (sex, age, and BMI),
GERD symptoms (typical and/or atypical), radiographic and
endoscopic findings, and manometric and impedance mea-
surements were reviewed. Typical GERD symptoms included
heartburn and/or regurgitation. Atypical symptoms included
cough, hoarseness, and globus sensation. Clinical symptoms
were categorized into three groups: isolated atypical symp-
toms, isolated typical symptoms, and combined typical and
atypical symptoms. Patterns of antisecretory medication use
(type, duration, and effectiveness) were recorded.

Esophageal objective testing
Esophagram and upper endoscopy

All patients underwent radiographic and endoscopic eval-
uation of the upper gastrointestinal tract. Any observed
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mucosal changes such as esophagitis or suspected Barrett’s
esophagus were recorded. Prior to gastric insufflation, the
location of the anatomic gastroesophageal junction (GEJ)
and the squamocolumnar junction (SCJ) were measured.
Barrett’s esophagus and subsequent biopsy was suspected
when the SCJ was variegated and located proximal to the
anatomic GEJ. The diagnosis of Barrett’s esophagus
required evidence of columnar epithelium with goblet cells
on histologic examination. The presence of esophagitis was
documented using the Los Angeles Classification [7]. The
presence of hiatal hernia was evaluated radiographically,
and the appearance of the gastroesophageal flap valve was
described based on Hill classification (grade I-IV) [8].
Esophagrams were not consistently performed in both the
upright and supine positions.

High-resolution manometry (HRM)

HRM was performed using a solid-state assembly with 36
circumferential sensors spaced at 1-cm intervals (Mano-
Scan, Sierra Scientific Instruments, Inc., Los Angeles, CA)
to evaluate the function of the LES and the upper esophageal
sphincter (UES) and the esophageal body in both the upright
and supine positions. Ten wet swallows (5 cc of water per
swallow) were obtained in the supine position followed by
five wet swallows in the upright position. Manometric
measurements, including resting LES and UES pressures,
LES residual pressure, total and intra-abdominal LES
lengths, mean peristaltic wave pressure, and size of hiatal
hernia, were obtained for the comparison of patients with
isolated upright reflux and bipositional reflux. A defective
LES was defined as either a LES pressure of <5.0 mmHg,
total LES length of <2.4 cm, or intra-abdominal length of
<0.9 cm [9]. Abnormal esophageal body peristalsis was
defined as failed contractions of >20%, simultaneous con-
tractions of >20%, or low mean wave pressure amplitudes of
<30 mmHg. An aperistaltic esophagus was considered
present when no contractions were propagated with deglu-
tition. Patients with achalasia were excluded.

Forty-eight-hour wireless pH monitoring

48-h wireless pH monitoring was performed using the
Bravo pH Monitoring System (Given® Imaging, Duluth,
MN). A wireless pH capsule probe was placed within the
distal esophagus 6 cm proximal to the termination of the
gastric folds which were used to designate the anatomic
GEJ. Symptoms and pH data were collected for 48 h in all
patients, and DeMeester score was calculated for each
testing day. An abnormal 48-h pH study was defined as a
calculated DeMeester score greater than 14.7 on either day.
Upright, supine, and total fraction time pH <4 was auto-
matically calculated.
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Twenty-four-hour MII

24-h MII was performed using a specialized impedance
catheter configured to measure LPR (CZAI-BL-55; Sand-
hill Scientific, Inc, Highlands Ranch, CO). The configura-
tion of this catheter has been described previously [10].
Briefly, the catheter has two pH probes (hypopharynx and
distal esophagus) and three impedance electrodes, one each
in the distal (3 and 5 cm proximal to the upper border of
the LES) and proximal esophagus (2 and 4 cm distal to the
UES) and the hypopharynx (Fig. 1). The catheter was
attached to an ambulatory recording device and the total
testing period was 24 h. Upright, supine, and total fraction
time pH <4 and median acid clearance times were calcu-
lated. Content (gas, liquid, and mixed) and proximity of
reflux events were recorded.

Definition of position-related reflux patterns

To determine the effect of position on LES structure and
function, we categorized subjects into isolated upright
reflux, UBR, and SBR groups based on the position-related
fraction of time pH <4. A positive DeMeester score was not
required for inclusion in this study. Isolated upright reflux
was considered present when the supine fraction of time pH
<4 was 0% in the presence of upright reflux events. UBR
was considered present when the upright fraction of time pH
<4 was greater than the supine fraction of time, whereas
SBR was considered present when the supine fraction time
was equal to or greater than the upright fraction of time.
Exclusion criteria included patients with achalasia and those
who had no reflux events during the testing period.

Data interpretation and definition of proximal reflux
events based on MII

Data were transferred and analyzed using dedicated soft-
ware (Bioview Analysis™, Sandhill Scientific Inc., High-
lands Ranch, CO). A retrograde 50% fall in impedance
from the mean baseline impedance between the two elec-
trode pairs indicated the presence of liquid-only reflux. The
mean was calculated from baseline impedance values
measured 5 s prior to the decrease. Gas reflux was defined
as an abrupt increase in impedance >3,000 Q in any two
consecutive impedance sites, with one site having an
absolute value >7,000 Q. Mixed liquid—gas reflux was
defined as an abrupt increase in impedance (gas) occurring
during or immediately before liquid reflux. LPR event was
considered present when retrograde bolus transit reached
the hypopharynx regardless of whether there was a change
in pH (Fig. 1). A full-column reflux event was defined
as reflux that reached the electrode pairs 2 cm distal to
the cricopharyngeus muscle but did not reach the

hypopharyngeal ring set. Abnormal proximal exposure was
considered present when patients had one or more LPR
events per day and/or five or more full-column reflux
events per day [5]. DeMeester score was calculated for the
distal pH monitor using established criteria [11]. Meal
times were excluded from the analysis.

Data analysis

After assessing the distribution of the data, values were
expressed as a median with interquartile range or
mean =+ standard deviation as appropriate. Supine and
upright HRM differences in esophageal structure and
function were compared within and between upright and
bipositional reflux groups. Because experimental data were
not normally distributed, statistical analysis was performed
by means of the nonparametric Wilcoxon signed-rank test
using SPSS software ver. 18.0 (SPSS, Inc., Chicago, IL)
and p < 0.05 was considered significant.

Results
Patient demographics and esophageal objective testing

From December 2009 to November 2010, 128 symptom-
atic patients underwent supine and upright HRM followed
by either 48-h pH testing (n = 58) or 24-h MII (n = 70)
for the evaluation of GERD and/or LPR symptoms. 35
patients were defined as having isolated upright reflux, 53
patients as having UBR, and 27 patients as having SBR. 13
patients were excluded from the final analysis (Fig. 2).
Mean age and BMI were comparable among the three
groups. The distribution of clinical symptoms was com-
parable among the groups, and more than half of the
patients in each group had LPR symptoms (isolated or
combined) (Table 1). The prevalence of hiatal hernia and
esophageal mucosal injury such as esophagitis and Bar-
rett’s esophagus were not different between the groups.
However, patients with bipositional reflux were more likely
to have severe forms of esophageal mucosal injury such as
Los Angeles Classification grade D esophagitis, and the
severity of esophageal mucosal injury increased sequen-
tially from isolated upright reflux to UBR and then to SBR.
Patients with isolated upright reflux and UBR were more
likely to be responsive to PPI therapy than those with SBR.
Although a large number of patients with isolated upright
reflux (32/35, 91%) had a negative DeMeester score, nearly
70% of patients had either endoscopic or radiographic
findings of GERD such as esophagitis, Barrett’s esophagus,
or hiatal hernia. More than 60% of patients with UBR and
SBR had a positive DeMeester score in conjunction with
objective findings of GERD.
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Fig. 1 MIL Upper-left the
configuration of a specialized
impedance catheter to directly
measure LPR. Upper-middle the
scheme of full column reflux.
Upper-right the scheme of LPR.
Lower impedance tracing of
acid LPR, which is defined as
when retrograde bolus transit
occurs across all ring sets and
ultimately reaches the
hypopharynx and when both
esophageal and pharyngeal pH
sensors dropping <4
(reproduced from [18] and [5])
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Comparison of manometric measurements in isolated

upright reflux versus bipositional reflux

In the supine position, resting LESP was higher, and both
overall and intra-abdominal LES lengths were significantly
longer in the isolated upright reflux group compared to the
SBR group. Patients with UBR appeared to have lower
LESP and shorter LES length compared to those with
isolated upright reflux, although this comparison did not
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reach statistical significance (Fig. 3a). When moved into
the upright position, the isolated upright reflux group had a
significant reduction in resting LESP and shortening of
both total and intra-abdominal LES lengths, whereas the
SBR group had a reduction in resting LESP but no change
in both overall and intra-abdominal LES lengths (Table 2).
The UBR group had a significant reduction in resting LESP
and shortening of overall LES length but no change in
intra-abdominal LES length, indicating a complete loss of
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Patients who underwent
bi-positional HRM (n=128)

24-hr Ml
(n=70)

48-hr pH
(n=58)

Bi-positional reflux
1) Predominant-Upright (n=53)
(pH, n=31; Mll, n=22)
2) Predominant-Supine (n=27)
(pH, n=13; MIl, n=14)

Isolated upright reflux
(n=35)
(pH, n=13; MIl, n=22)

Fig. 2 Flow chart of study patients. HRM high-resolution manom-
etry, MII multichannel intraluminal impedance

the intragastric portion of the LES. In the upright position,
there was no difference in LESP or LES length among the
three groups (Fig. 3b). Based on normative values for
pressure and length, the LES in the isolated upright reflux

Table 1 Patient demographics and objective findings

group was more likely to become defective when patients
were moved from the supine to the upright position com-
pared to bipositional reflux groups where the LES was
commonly defective regardless of body position (Fig. 3c).
Bipositional reflux patients had larger hiatal hernias than
the isolated upright reflux group, and there was a trend
toward size increase when moved from supine to the
upright position. In up to 20% of patients in each group, a
hiatal hernia was not present in the supine position but
appeared in the upright position (Table 2). All groups had a
significant reduction of UES resting pressure and a higher
mean distal esophageal peristaltic pressure in the upright
than in the supine position.

Association between body position and proximal reflux
events measured by MII

LPR events were present in 27% (6/22) of the isolated
upright reflux group, in 32% (7/22) of the UBR group, and
in 14% (2/14) of the SBR group (p = 0.338) (Table 3).
The number of patients with isolated upright reflux who

Isolated upright reflux

(n = 35)

Predominant upright bipositional
reflux (n = 53)

Predominant supine bipositional reflux
(n=27)

Sex (M/F) 9/26
Age (range) 54 £ 12 (28-77)

BMI (range)

29.4 £ 6.7 (19.1-48.9)

18/35
55 £ 13 (23-84)
27.5 £ 4.7 (19.1-36.8)

Symptoms Isolated atypical 14/35 (40%), combined  Isolated atypical 6/53 (11%),
5/25 (14%), isolated typical 16/35 (46%) combined 21/53 (40%), isolated
typical 23/53 (43%), others 3/53
(6%)
HH 20/29 (69%) 32/48 (67%)
(no record, n = 6) (no record, n = 5)

Esophageal Esophagitis 8/27 (30%) (LA grade A = 3, Esophagitis 28/46 (61%) (LA grade
mucosal B=3,C=1,D = 1), short BE 2/27 A=16B=4,C=5,D=23),
injury (7.4%), stricture 1/27 (3.7%) short BE 7/46 (15%)

(no record, n = 8) (no record, n = 7)

PPI Response 15/22 (68%), No response 5/22  Response 30/35 (86%), No response

dependence (23%), no PPI use 2/22 (9%) 3/35 (8.6%), no PPI use 2/35 (5.7%)
(no record, n = 13) (no record, n = 18)

Either 24/35 (68.6%) 44/49 (90%)
mucosal
injury or
HH

48-h pH 13 vs. 22 31 vs. 22
testing vs.

24-h MII
DMS Positive (n = 3), negative (n = 32) Positive (n = 32), negative (n = 21)

10/17
54 £ 17 (17-84)
26.2 £ 5.2 (18.2-34.4)

Isolated atypical 10/27 (37%), combined
6/27 (22%), isolated typical 9/27
(33%), asymptomatic 1/27 (4%)

14/21 (67%)
(no record, n = 6)

Esophagitis 5/24 (21%) (LA grade
A=1,B=1,C=0,D = 3), short
BE 6/24 (25%)

(no record, n = 3)

Response 5/12 (42%), No response 4/12
(33%), no PPI use 3/12 (25%)

(no record, n = 17)
20/27 (74%)

13 vs. 14

Positive (n = 17), negative (n = 10)

LA Los Angeles classification, BE Barrett’s esophagus, HH hiatal hernia, PPI proton pump inhibitors, DMS DeMeester score

Values are expressed as a mean £+ SD
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Fig. 3 Comparison of LES
resting pressure, LES length,
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had abnormal proximal exposure was comparable between  Discussion

those with LPR and those with typical symptoms (78 vs.
75%) (Table 4). Although there was no difference in the
total number of reflux events among the groups, the median
acid clearance time was shorter in the upright reflux group
than in the UBR and SBR groups (median = 63.5 vs. 149
and 137.5, p = 0.067 and p = 0.085, respectively). The
composition of proximal reflux events in the isolated
upright reflux group was more likely to be mixed gas—
liquid compared to bipositional events, which were mostly
liquid (Table 3; Fig. 3d). The incidence of abnormal
esophageal motility, including aperistaltic esophagus, was
comparable among the groups.
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The results of the present study demonstrate that in patients
with isolated upright reflux, the LES functioned as an intact
antireflux barrier in the supine position but became incompe-
tent in the upright position as indicated by a reduction in LESP
and length. In addition, a small hiatal hernia appeared in many
of these patients when they were positioned upright. Interest-
ingly, there was no difference in LES pressure or length among
the three groups in the upright position, with nearly one-half of
isolated upright reflux patients converting from normal to
abnormal manometric LES criteria. Because the LES was
significantly more damaged in the bipositional reflux groups,
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Table 2 Manometric measurements

Isolated upright reflux (n = 35) UBR (n = 53) SBR (n = 27)
Supine Upright p Value Supine Upright p Value Supine Upright p Value
LESP 194 (10.7) 13.8(12.9) 0.004* 17.8 (13.2) 11.0 (12.8) <0.001*  14.7 (6.9) 11.6 (8.8) 0.03*
LES residual P 11.7 (5.5) 72 (5.2) <0.001* 11.0 (6.2) 4.7 (5.8) <0.001* 9.5 (54 5.6 43) <0.001*
LES length 2.4 (0.6) 2.1 (0.6) 0.01* 2.3 (0.5) 2.0 (0.6) <0.001* 2.0 (0.4) 2.0 (0.6) 0.94
Intra-abdominal LES 1.2 (0.9) 0.8 (0.8) 0.009* 0.8 (0.8) 0.6 (0.7) 0.054 0.5 (0.6) 0.5 (0.7) 0.74
length
Size of HH 0.5 (1.1) 0.8 (1.3) 0.046* 0.8 (1.3) 0.7 (0.9) 0.40 0.9 (1.1) 1.3 (1.1) 0.13
UESP 99.7 (43.2)  63.9 (37.7) <0.001* 96.6 (48.3) 649 (42.6) <0.001* 62.3 (35.1) 46.0 (27.1)  0.003*
Mean wave P 67.0 (39.0) 744 (413) 0.18 74.7 (59.7)  82.6 (63.5) 0.08 74.7 (60.1)  85.5(52.2) 0.13
Defective LES (%) 16/35 (46)  29/35 (83) 39/53 (74)  47/53 (89) 20/27 (74)  22/27 (81)
HH appeared in 7/35 (20) 10/53 (19) 4/27 (14.8)
upright (%)
LES(P) lower esophageal sphincter (pressure), UESP upper esophageal sphincter pressure, HH hiatal hernia
Values are expressed as a mean (SD)
* p < 0.05 is considered significant compared to the isolated upright reflux
Table 3 Body position and proximal reflux events based on MII
Isolated upright reflux UBR p Value SBR p Value
(n =22) (n=22) (n=14)
LPR events (>1/day) (%) 6/22 (27.3) 7/22 (31.8) 2/14 (14.3)
No. LPR 1-3 1-5 0.895 1 0.284
Full-column reflux (>5/day) (%) 15/22 (68.2) 20/22 (90.9) 9/14 (64.3)
No. full-column reflux 7 (3.5-13) 10 (6-13) 0.244 5.5 (1.3-8.3) 0.353
No. total reflux events 18 (11-27.3) 17 (13.5-26) 0.622 8 (4.5-19.5) 0.097
Median acid clearance time (s) 63.5 (36-133) 149 (75.5-215.3) 0.067 137.5 (83.5-376.8) 0.085
Composition (%) Mix (gas/liquid) 62, Mix (gas/liquid) 43, Mix (gas/liquid) 42,
liquid 38 liquid 57 liquid 58
DeMeester score 2 (1.2-3.9) 9.9 (6.0-14.4) <0.01* 13.6 (9.5-24.8) <0.01*

Esophageal motility

Normal (n = 15),
abnormal (n = 7)

Normal (n = 16),
abnormal (n = 6)

Normal (n = 9),
abnormal (n = 5)

Values are expressed as a median with interquartile range
LPR laryngopharyngeal reflux

* p < 0.05 is considered significant compared to the isolated upright reflux

Table 4 Proximal reflux events such as LPR and full-column reflux in patients with upright reflux stratified by typical versus atypical symptoms

Isolated upright reflux

Atypical symptoms (n = 9) (%) Typical symptoms (n = 8) (%)

LPR events (>1/day) 2/9 (22) 3/8 (38)
Full-column reflux (>5/day) 6/9 (67) 6/8 (75)
Abnormal proximal exposure (LPR >1/day 7/9 (78) 6/8 (75)

and/or full-column reflux >5/day)

LPR laryngopharyngeal reflux

the “protective” effect of the supine position is lost. This
supposition is supported by data demonstrating that patients
with bipositional reflux were more likely to have lower upright

LESP and length, more severe esophageal mucosal injury,
esophageal motility disorder, and a larger hiatal hernia com-
pared to those with solely upright reflux patterns.
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A substantial number of patients with isolated upright
reflux were found to have objective findings suspicious for
GERD such as mild esophageal mucosal injury, small
hiatal hernia, and abnormal proximal exposure, even
though many had a normal DeMeester score. Interestingly,
the prevalence of abnormal proximal exposure was com-
parable among the groups and this would not have been
detected by pH testing in the absence of hypopharyngeal—
esophageal impedance and bipositional manometry. We
theorize that the mechanism of proximal reflux in the iso-
lated upright and bipositional reflux groups is different, and
the DeMeester score is more likely to be normal in isolated
upright reflux patients secondary to rapid acid clearance
times, shorter reflux events, a normal total number of reflux
events, and higher proportion of mixed (gas and liquid)
events. Ultimately, the current criteria used to objectify
typical GERD are likely insufficient and poorly suited to
guide diagnosis and treatment in isolated upright reflux
patients with LPR symptoms.

Recently, we demonstrated that proximal reflux events
such as LPR are extremely rare in healthy asymptomatic
subjects [5]. The mechanism of proximal reflux events has
not been well understood. Anatomically, the native LES
resides across the diaphragm and is identified as two por-
tions on manometry: intrathoracic and intra-abdominal
[10]. Given the fact that the pressure and intra-abdominal
length of the LES decrease in proportion to hiatal hernia
size, LES function appears to depend on the intra-abdom-
inal portion of the esophagus [12-14]. However, not all
patients with hiatal hernia develop gastroesophageal reflux,
indicating that the remaining intrathoracic (i.e., intra-
esophageal) portion of the LES maintains its barrier func-
tion [15]. The progression from a normal LES to one that is
completely defective correlates with an increasing GEJ
diameter secondary to attenuation of the collar-sling mus-
culature; this progression leads to a loss of the acute angle
of His and the development of a hiatal hernia [16]. We
hypothesize that the transition from isolated upright reflux
to bipositional reflux occurs with the loss of the intra-
esophageal portion of the LES [13]. Along these lines,
Pandolfino et al. [17] demonstrated that the composition of
refluxate (gas, liquid, and mixed gas—liquid) can be deter-
mined by GEJ compliance using a barostat, and the chance
of having purely liquid reflux increases with an increasing
GEJ diameter and compliance; this finding may explain
why patients with GERD have more frequent pure liquid
reflux and less frequent gas reflux compared to healthy
subjects.

Based on this evidence, we propose a potential mecha-
nism for isolated upright reflux and the relationship to
proximal reflux events. The manometrically normal LES
(lowest GEJ diameter and compliance) functions as an an-
tireflux barrier to prevent reflux regardless of body position
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(Fig. 4, upper row). Through the low-compliance LES with a
small GEJ diameter, air is vented (belching) with the aid of
the transient lower esophageal sphincter relaxation
(TLESR) mechanism. Upright reflux patients (intermediate
GEJ diameter and compliance) have a competent LES in the
supine position and the intrathoracic LES functions as a
barrier to reflux; however, in the upright position the intra-
gastric air rushes cephalad and the resultant gastric disten-
tion triggers relaxation of the intrathoracic portion of LES
via stretch receptors in the stomach. In addition, there is
likely a mechanical component related to the decreased
valve yield pressure secondary to loss of the intra-abdominal
portion of the LES. With air in the proximal stomach in the
upright position, the LES is “pried” open with small
increases in intra-abdominal or intragastric pressure.
Through this intermediate GEJ diameter, gastric contents are
aerosolized secondary to the pressurized and accumulated
air and thus more likely to deliver mixed gas—liquid into the
proximal esophagus or hypopharynx (Fig. 4, middle row).
Bipositional reflux patients, especially when reflux events
occur predominantly in the supine position, have a com-
pletely defective LES with a large GEJ diameter, which
enables unpressurized fluid to flow freely into the esophagus
regardless of body position, and this sometimes reaches the
proximal esophagus or hypopharynx with increases in intra-
abdominal pressure (e.g., belching, coughing) or when
patients are in the supine position (Fig. 4, bottom row). This
hypothesis is further supported by the data that the compo-
sition of proximal reflux was more likely to be mixed gas—
liquid in the isolated upright reflux patients compared to
liquid in especially the SBR patients (Fig. 3d).

There are limitations to the present study. In this study,
objective assessment of symptoms using validated ques-
tionnaires was not performed. However, the detail and
degree of clinical symptoms were meticulously obtained by
personal interview at clinic and precisely recorded. In
addition, our clinical practice is weighted toward those
with LPR symptoms who have undergone MII to evaluate
the proximity of reflux events, and this may be associated
with selection bias. However, we defined position-related
reflux patterns based solely on pH testing and therefore
clinical symptoms would be unlikely to affect the mano-
metric measurements of LES structure. Finally, because
many upright reflux patients had a normal DeMeester
score, it is possible that patients without pathologic reflux
were included in the data set, leading to selection bias. This
is unlikely because the prevalence of esophageal mucosal
injury was similar between groups. In addition, upright
reflux patients had a similar number of proximal reflux
events compared to bipositional reflux patients, suggesting
a different pathologic mechanism.

In conclusion, position change from supine to upright
resulted in a reduction of LES pressure and length. Both
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Fig. 4 Proposed mechanisms of position-related reflux (isolated
upright reflux vs. bipositional reflux) and proximal reflux events

isolated upright and bipositional reflux patients have
abnormal proximal reflux events, likely by different
mechanisms. Symptomatic upright reflux is associated with
GERD and/or LPR and can frequently occur in the face of
negative pH testing. Bipositional HRM should be incor-
porated into esophageal physiology testing in order to
identify a defective LES, especially in isolated upright
reflux patients, as it requires only five additional swallows
in the upright position.
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