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Abstract
Background Current diagnostic techniques establishing gastroesophageal reflux disease as the underlying cause in patients
with respiratory symptoms are poor. Our aim was to provide additional support to our prior studies suggesting that the
association between reflux events and oxygen desaturations may be a useful discriminatory test in patients presenting with
primary respiratory symptoms suspected of having gastroesophageal reflux as the etiology.
Methods Thirty-seven patients with respiratory symptoms, 26 with typical symptoms, and 40 control subjects underwent
simultaneous 24-h impedance–pH and pulse oximetry monitoring. Eight patients returned for post-fundoplication studies.
Results The median number (interquartile range) of distal reflux events associated with oxygen desaturation was greater in
patients with respiratory symptoms (17 (9–23)) than those with typical symptoms (7 (4–11, p<0.001)) or control subjects (3
(2–6, p<0.001)). A similar relationship was found for the number of proximal reflux-associated desaturations. Repeat study
in seven post-fundoplication patients showed marked improvement, with reflux-associated desaturations approaching those
of control subjects in five patients; 20 (9–20) distal preoperative versus 3 (0–5, p00.06) postoperative; similar results were
identified proximally.
Conclusions These data provide further proof that reflux-associated oxygen desaturations may discriminate patients present-
ing with primary respiratory symptoms as being due to reflux and may respond to antireflux surgery.

Keywords GERD . Respiratory symptoms . Oxygen
desaturation . Pulse oximetry . Reflux-associated oxygen
desaturations

Introduction

Up to 40% of adults in the USA report experiencing symptoms
of gastroesophageal reflux disease (GERD) on a monthly

basis.1–4 Although the majority of patients complain of heart-
burn and/or regurgitation, many have reflux-related respiratory
symptoms either in combination or alone.1,5 Abnormal esoph-
ageal acid exposure has been identified in up to 40% of patients
with chronic cough, as many as 75 % of patients with chronic
hoarseness, and in up to 90 % of adults with asthma.1–3,6

Current diagnostic techniques aimed at establishing GERD as
the underlying cause of respiratory symptoms are poor. Ambu-
latory esophageal pH monitoring, considered the gold standard
for detecting reflux, suffers from lack of sensitivity in patients
with extraesophageal symptoms and can be nonspecific. A trial
of proton pump inhibitors, often utilized as an adjunct to GERD
diagnosis, has been shown to be unreliable in relieving reflux-
related airway symptoms.1–4,6

We have previously reported preliminary studies suggest-
ing that the measurement of oxygen (O2) desaturations
occurring in association with reflux events may be useful
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to discriminate reflux-related respiratory symptoms. These
studies showed that nearly three quarters of GERD patients
with predominant respiratory symptoms had O2 desatura-
tions associated with esophageal acid exposure, compared
with less than one third of those with predominant typical
reflux symptoms.7 Corroborating these studies, others have
previously reported O2 desaturation occurring in association
with episodes of gastroesophageal reflux in 40 % of patients
with GERD.4,8

The long-term efficacy of antireflux surgery for extrae-
sophageal symptoms is not as good as when surgery is
performed for heartburn or regurgitation.1,2,5,6 This fact is
likely due to the difficulty in establishing reflux as the cause
of the patient’s respiratory symptoms, emphasizing the need
for better diagnostic methods. The aim of this study was to
further refine the proof of principle that measurement of
reflux-associated O2 desaturations (RADs) may be a useful
discriminatory test for respiratory symptoms thought sec-
ondary to GERD. The usefulness of RADs was assessed by
comparing their prevalence in patients with respiratory
symptoms thought secondary to GERD to individuals with
primary gastrointestinal (GI) complaints from GERD and to
normal subjects, as well as by assessing the impact of
antireflux surgery on RADs.

Patients and Methods

Study Population

The study population consisted of 63 patients with patho-
logical GERD undergoing foregut diagnostic evaluation
between January, 2007 and April, 2012 at the University
of Rochester Esophageal Diagnostic Laboratory. The pres-
ence and severity of GERD symptoms were assessed at the
initial visit including typical symptoms of heartburn, regur-
gitation, and dysphagia and respiratory symptoms of cough,
hoarseness, and throat clearing. Control subjects completed
a self-administered questionnaire to assess the presence of
typical and atypical esophageal symptoms; a symptom score
of 0 (asymptomatic) was required for inclusion. Thirty-
seven of these patients reported a primary respiratory symp-
tom. The primary complaint in the remaining 26 patients in
the study population was a GI symptom. Fifty-two volun-
teers, who had neither GI symptoms nor prior GI surgery,
were recruited as control subjects. Due to either elevated
distal or proximal multichannel intraluminal impedance
(MII)–pH scores, 12 volunteers were considered to have
GERD and were excluded from the analysis, thus 40 sub-
jects served as controls.

Eight of the 63 patients treated with antireflux surgery
returned for post-Nissen fundoplication studies. A standard-
ized symptom questionnaire was administered identifying the

presence and severity of both pre- and postoperative typical
and atypical reflux symptoms graded by frequency on a Likert
scale (0–5, 50daily/with every meal).

Manometric Technique and Parameters

High-resolution manometry (HRM) was performed using a
solid-state manometric assembly (Given Imaging, Duluth,
GA). The catheter included 36 circumferential sensors
spaced at 1 cm intervals with an outer diameter of 4.2 mm.
Pressure transducers were calibrated at 0 and 100 mmHg
using externally applied pressure prior to initiation of the
study. Manometric studies were performed in the supine
position after a minimum 6-h fast. Subjects underwent trans-
nasal placement of the catheter, positioned to record from
the pharynx to the stomach with the catheter secured to the
subject’s nose by tape. The manometric protocol included at
least a 30-s period of baseline recording followed by ten
consecutive 5 ml water swallows. The HRM plots of indi-
vidual successful swallows were subsequently analyzed
with reference to the updated Chicago classification criteria
for esophageal motility disorders.9

Ambulatory MII–pH Monitoring Technique and Parameters

Ambulatory 24-h MII–pH monitoring was performed using
a dual pH probe catheter with six impedance sensors. The
pH sensors were spaced 15 cm apart, at 5 and 20 cm from
the distal tip of the catheter, along with impedance sensors
located at 2 cm increments (3, 5, 7, 9, 15, and 17 cm from
the distal tip). In 15 of the symptomatic patients, a similar
catheter was utilized; however, the proximal pH sensor at
20 cm from the distal tip was absent.

After the MII–pH catheter was calibrated and passed
transnasally, the distal pH sensor was placed 5 cm above
the manometrically determined proximal border of the gas-
troesophageal junction (GEJ). The patient was then
instructed on the appropriate diet and directed to keep a
diary of the time and nature of meals, recumbency periods,
and symptoms experienced. A portable digital data logger
(Sandhill Scientific, Highlands Ranch, CO) was used to
record MII–pH fluctuations. All data were downloaded
and analyzed utilizing dedicated software (Sleuth, Sandhill
Scientific, Highlands Ranch, CO).

Acid reflux episodes were defined as pH of <4 5 cm
(distal) or 20 cm (proximal) above the GEJ and nonacid
reflux episodes as a drop in impedance at ≥50 % from
baseline 3, 5, 7, or 9 cm above the GEJ (distal) and 15 or
17 cm above the GEJ (proximal). Abnormal acid exposure
was defined as a pH of <4 more than 4.5 % of the total time
in the distal channel, more than 0.9 % of the total time in the
proximal channel, or a distal DeMeester composite score of
>14.7.10,11 Abnormal bolus exposure was defined as a total
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number of distal reflux episodes >73, acid reflux episodes >
55, and nonacid reflux episodes >48. Proximal total reflux
episodes were defined as abnormal if >31, and proximal
acid reflux episodes of >28.12 A value of 12 was used for the
threshold of proximal nonacid reflux episodes, derived from
the 95th percentile in 53 asymptomatic volunteers at our
institution.

Ambulatory Pulse Oximetry Monitoring Technique
and Parameters

Concomitant O2 saturation monitoring was performed using
the Pulsox-300i (Konica Minolta Sensing, Inc.) and Finger
Clip Probe SR-5C (Konica Minolta).7 Data were acquired
and analyzed using Profox Oximetry Software (Profox
Associates, Inc., Escondido, CA). The Pulsox-300i was
secured to the wrist and the probe placed on the index finger
in all patients. A glove was placed over the hand and device
to minimize movement of the probe in relation to the finger
and prevent artifactual data. The timing of the pulse oxime-
try was synchronized with the MII–pH monitoring at the
onset of the study period. Oxygen desaturation events were
defined as a drop in O2 saturation to <90 %, or a decrease of
≥6 % from baseline. A RAD was defined as the first O2

desaturation occurring during or within a 5-min interval
following a reflux episode.

Statistical Analysis

Descriptive statistics (median, 5th percentiles, and 95th percen-
tiles) were used in control subjects to describe reflux and desa-
turation findings as they had a nonparametric distribution. In
symptomatic patients, data were described as median (interquar-
tile range). Data between groups were compared using the chi-
square test for categorical data, while continuous data not nor-
mally distributed were compared using Mann–Whitney U and
Kruskal–Wallis tests. A p value of <0.05 was considered signif-
icant. All statistical analyses were performed using the SPSS
20.0 statistical software package (SPSS Inc., Chicago, IL).

The study protocol was approved by the University of
Rochester Medical Center Research Subjects Review Board
and all participants gave written informed consent. Data were
taken from a prospectively maintained database, which includ-
ed demographic and clinical information from dictated notes, as
well as operative, manometry, pH, radiology, and endoscopy
reports. Data were extracted and recorded in a Microsoft Ex-
cel® database (Microsoft Corp., Redmond, WA) and analyzed.

Results

The demographics of the three study populations are shown in
Table 1. Control subjects were younger than symptomatic

Table 1 Demographic data

*p<0.05 vs. gastrointestinal
patients; **p<0.05 vs. respira-
tory patients; ***p<0.05 vs.
control subjects

Control subjects
(n040)

Gastrointestinal patients
(n026)

Respiratory patients
(n037)

Gender (M/F) 11:29 10:16 13:24

Mean age (years (range)) 33 (21–62)* 50 (23–70)** 61 (37–82)***

Mean BMI (kg/m2 (range)) 26 (18–69)* 33 (22–50)** 29 (20–41)***

Table 2 Comparative clinical
features between patients with
primary gastrointestinal and res-
piratory symptoms

PMH past medical history,
COPD chronic obstructive pul-
monary disease, OSA obstructive
sleep apnea, ACE angiotensin-
converting enzyme, EGD
esophagogastroduodenoscopy,
HRM high-resolution manome-
try, GEJ gastroesophageal
junction

% gastrointestinal patients
(n026)

% respiratory patients
(n037)

p value

Secondary symptoms

Cough/hoarseness/aspiration 73.1 (19/26) – –

Heartburn/regurgitation – 86.5 (32/37) –

PMH

Past/current smoker 30.8 (8/26) 27.0 (10/37) 0.783

Asthma/COPD/OSA 42.3 (11/26) 29.7 (11/37) 0.421

ACE-inhibitor use 11.5 (3/26) 21.6 (8/37) 0.502

EGD/esophagram

Hiatal hernia 80.0 (20/25) 85.3 (29/34) 1.000

Esophagitis 28.0 (7/25) 23.5 (8/34) 0.763

Columnar-lined esophagus 32.0 (8/25) 23.5 (8/34) 0.389

HRM

Structurally defective GEJ 73.1 (19/26) 63.9 (23/36) 0.584

Weak peristalsis 15.4 (4/26) 19.4 (7/36) 0.748
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patients, and those with predominant GI symptoms had the
highest mean BMI. The most prominent symptom in the 37
patients with a primary respiratory complaint was cough
occurring in 28 patients (75.7 %), hoarseness in 7 (18.9 %),
and throat clearing in 2 (5.4 %). The majority of the respira-
tory patients (32/37, 86.5 %) also reported some degree of
heartburn and/or regurgitation. The most prominent symptom
in the 26 patients with primary GI complaints was heartburn
occurring in 13 patients (50.0 %), regurgitation in 8 (30.8 %),
globus sensation in 2 (7.7 %), epigastric pain in 2 (7.7 %), and

dysphagia in 1 (3.8 %). Secondary symptoms of cough,
hoarseness and/or aspiration were present in 19 (73.1 %) of
the GI cohort. Select clinical features of the two symptomatic
cohorts are shown in Table 2. The prevalence of mucosal and
anatomical abnormalities was similar in both groups.

Ambulatory MII–pH Findings

Based upon distal esophageal pH and/or impedance monitoring,
abnormal MII–pH studies were present in none of the control

Table 3 Multichannel intralu-
minal impedance–pH findings in
control subjects, gastrointestinal
patients, and respiratory patients

Values are expressed as median
(interquartile range), unless oth-
erwise stated

MII multichannel intraluminal
impedance

*p<0.05 vs. gastrointestinal
patients; **p<0.05 vs. respirato-
ry patients;***p<0.05 vs. con-
trol subjects

Control subjects
(n040)

Gastrointestinal
patients
(n024)

Respiratory
patients
(n039)

Distal MII-pH

% total time pH<4 1.0 (0–2.0)* 11.0 (6.2–18.0) 10.0 (5.5–12.0)***

% upright time pH<4 1.3 (0.4–2.3)* 11.0 (6.7–20.0) 10.0 (5.8–17.0)***

% supine time pH<4 0* 3.6 (0.6–13.0)** 0.2 (0–6.3)***

DeMeester score 2.7 (1.4–5.4)* 37.0 (20.0–64.0) 30.0 (15.0–38.0)***

% patients with abnormal pH (#) 0* 88.5 % (23/26) 83.8 % (31/37)

Total number of reflux episodes 32.0 (21.0–41.0)* 66.0 (47.3–101.0) 56.0 (40.0–70.0)***

Number of acid reflux episodes 19.0 (11.0–26.0)* 44.0 (33.0–54.0) 36.0 (25.0–50.0)***

Number of nonacid reflux
episodes

10.0 (7.0–15.0)* 17.0 (7.8–31.0) 13.0 (6.0–27.0)

% patients with abnormal
MII-pH (#)

0* 100.0 % (26/26) 91.9 % (34/37)***

Proximal MII-pH

% total time pH<4 0* 0.1 (0–0.5) 0.4 (0.2–2.0)***

% upright time pH<4 0* 0.1 (0–0.2) 0.5 (0–1.8)***

% supine time pH<4 0* 0 (0–0.2) 0 (0–0.1)***

% patients with abnormal pH (#) 0* 38.5 % (5/13)** 74.3 % (26/35)***

Total number of reflux episodes 10.0 (6.0–18.0)* 39.5 (26.5–51.0)** 30.0 (23.0–38.0)***

Number of acid reflux episodes 7.0 (3.0–14.0)* 25.0 (15.0–38.0) 22.0 (16.0–30.0)***

Number of nonacid reflux
episodes

3.0 (1.0–6.0)* 7.0 (3.0–14.0) 6.0 (3.0–11.0)***

% patients with abnormal
MII-pH (#)

0* 69.2 % (18/26) 86.5 % (32/37)***

Fig. 1 Box plot demonstrating
the median number of total
oxygen desaturations over
24-h in control subjects,
gastrointestinal patients, and
respiratory patients
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patients, 100.0 % (26/26) of the GI patients and 91.9 % (34/37)
of the respiratory patients. Three (8.1 %) of the respiratory
patients had abnormal proximal MII–pH studies, but normal
distal MII–pH studies. Table 3 shows MII–pH data in each of
the three study groups. Control subjects had amedian of 32 (21–
41) distal reflux episodes in 24-h, patients with typical symp-
toms a median of 66 (47–107, p<0.001), and those with respi-
ratory symptoms a median of 56 (40–70, p<0.001). Slightly
over half of the reflux events were detected proximally in both
groups (1,063/1,880, 57 % GI; 1,127/2,101, 54 % respiratory).
There was a significantly higher prevalence of respiratory

patients (74 %, 26/35) with abnormally high reflux detected
by the proximal pH sensor compared with GI patients
(39 %, 5/13; p00.039). The number of proximal reflux
events in both groups was considerably greater than
control subjects (p<0.001).

Desaturation Findings

The median number of total O2 desaturations in 24-h was
comparable between control subjects (50 (27–65)) and GI
patients (54 (22–117)); however, it was nearly three times

Table 4 Reflux-associated
oxygen desaturation reference
thresholds in 40 control subjects

SD standard deviation, IQR
interquartile range, PCT percen-
tile, MII multichannel intralumi-
nal impedance, RADs reflux-
associated oxygen desaturations

Mean (SD) Median (IQR) 5th PCT 95th PCT

Distal MII-pH

% total time pH<4 1.0 (±1.0) 1.0 (0–2.0) 0 3.0

% upright time pH<4 1.7 (±1.6) 1.3 (0.4–2.3) 0.1 5.0

% supine time pH<4 0 0 0 1.0

DeMeester score 3.7 (±2.9) 2.7 (1.4–5.4) 0.9 8.8

Total number of reflux episodes 32.0 (±14.0) 32.0 (21.0–41.0) 13.0 54.0

Number of acid reflux episodes 20.0 (±12.0) 19.0 (11.0–26.0) 6.0 41.0

Number of nonacid reflux episodes 12.0 (±8.0) 10.0 (7.0–15.0) 4.0 26.0

Proximal MII-pH

% total time pH<4 0 0 0 0

% upright time pH<4 0 0 0 0

% supine time pH<4 0 0 0 0

Total number of reflux episodes 13.0 (±9.0) 10.0 (6.0–18.0) 3.0 29.0

Number of acid reflux episodes 9.0 (±7.0) 7.0 (3.0–14.0) 1.0 22.0

Number of nonacid reflux episodes 4.0 (±3.0) 3.0 (1.0–6.0) 0 9.0

RADs

Oxygen desaturations 50.6 (±29.6) 50.0 (27.3–65.3) 11.0 92.6

Distal reflux-associated desaturations 4.2 (±3.4) 3.0 (2.0–6.0) 0 11.0

Proximal reflux-associated desaturations 1.9 (±2.2) 1.0 (0–3.0) 0 7.0

Upright reflux-associated desaturations 4.0 (±3.4) 3.0 (2.0–6.0) 0 11.0

Supine reflux-associated desaturations 0.2 (±0.4) 0 0 1.0

Acid reflux-associated desaturations 3.0 (±3.1) 2.0 (1.0–5.0) 0 9.0

Nonacid reflux-associated desaturations 1.2 (±1.3) 1.0 (0–2.0) 0 4.0

Fig. 2 Scatter plot
demonstrating the median
number of distal RADs over
24-h in control subjects,
gastrointestinal patients, and
respiratory patients
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higher in patients with primary respiratory symptoms (145
(88–212, p<0.001)) (Fig. 1). Oxygen desaturation and
RADs parameters derived from the 40 control subjects are
shown in Table 4. Using these values, the upper limit of
“normal” for total number of O2 desaturation in 24-h was
defined as the 95th percentile (93 episodes). The cohort with
primary respiratory symptoms had the highest prevalence of
individuals with an elevated number of O2 desaturations
(70 %) compared with 31 % in the GI group (p00.002)
and, by definition, 5 % of control subjects (p<0.001).

The median number of distal reflux events associated with
O2 desaturation was significantly greater in patients with
respiratory symptoms (17 (9–23)) than in those with GI
symptoms (7 (4–11, p<0.001)) or control subjects (3 (2–6,
p<0.001)) (Fig. 2; Table 5). Using a 95th percentile threshold
of 11 derived from the control subjects, 70 % of patients with
primary respiratory symptoms had an abnormally high medi-
an number of distal RADs, compared with 27 % (p00.001) of
patients with GI symptoms and 8 % (p<0.001) of control
subjects.

A similar pattern was seen for the median number of
proximal RADs: eight (5–14) in patients with respiratory
symptoms versus three (1–6, p<0.001) with GI symptoms
and one (0–3, p<0.001) in control subjects (Fig. 3). Using a
95th percentile threshold of seven, 62 % of patients with
primary respiratory symptoms had elevated proximal
RADs, compared with 19 % (p00.001) of patients with
primary GI symptoms and 10 % (p<0.001) of control
subjects.

As can be seen in Tables 3 and 5, acid reflux was more
prevalent than nonacid reflux in all groups and there was a
stronger association between acid reflux and O2 desatura-
tions than between nonacid reflux. Patients with primary
respiratory symptoms had significantly higher numbers of
acid (14 (6–21)) and nonacid (2 (1–3)) RADs when com-
pared with GI patients (acid, 5 (1–10, p<0.001) and nonac-
id, 1 (0–3, p00.016) RADs) and control subjects (acid, 2
(1–5, p<0.001) and nonacid, 1 (0–2, p00.004) RADs).
Similarly, upright (14 (8–20)) and supine (1 (0–2)) RADs
were higher in respiratory patients when compared with GI

Table 5 Oxygen desaturation
and reflux-associated oxygen
desaturation findings in control
subjects, gastrointestinal
patients, and respiratory patients

Values are expressed as median
(interquartile range)

RADs reflux-associated oxygen
desaturations

*p<0.05 vs. gastrointestinal
patients; **p<0.05 vs. respirato-
ry patients; ***p<0.05 vs. con-
trol subjects

Control subjects
(n040)

Gastrointestinal patients
(n024)

Respiratory patients
(n039)

RADs

Oxygen desaturations 50.0 (27.3–65.3) 53.5 (21.8–113.8)** 145.0 (88.0–212.0)***

Distal reflux-associated
desaturations

3.0 (2.0–6.0)* 6.5 (4.0–10.8)** 17.0 (9.0–23.0)***

Proximal reflux-associated
desaturations

1.0 (0–3.0)* 3.0 (1.3–5.8)** 8.0 (5.0–14.0)***

Upright reflux-associated
desaturations

3.0 (2.0–6.0) 5.0 (2.5–9.8)** 14.0 (8.0–20.0)***

Supine reflux-associated
desaturations

0* 0 (0–1.0) 1.0 (0–2.0)***

Acid reflux-associated
desaturations

2.0 (1.0–5.0) 5.0 (1.3–9.5)** 14.0 (6.0–21.0)***

Nonacid reflux-associated
desaturations

1.0 (0–2.0)* 1.0 (0–2.8)** 2.0 (1.0–3.0)***

Fig. 3 Scatter plot
demonstrating the median
number of proximal RADs over
24-h in control subjects,
gastrointestinal patients, and
respiratory patients
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patients (upright, 5 (3–10, p<0.001) and supine, 0 (0–1,
p00.271) RADs) and control subjects (upright, 3 (2–6,
p<0.001) and supine, 0 (p<0.001) RADs).

Postoperative Findings

Twenty-seven of the 63 symptomatic patients underwent
antireflux surgery; 12 (46 %) patients with primary GI and
15 (41 %) with primary respiratory symptoms. Seven of the
27 (three from the respiratory cohort and four from the GI
cohort) had postoperative MII–pH/O2 saturation studies. Six
were female (85.7 %) and one male (14.3 %), with a mean
age of 61 years (range, 43–69). Median scores for the
primary respiratory symptom in the three patients improved
following antireflux surgery (four preoperatively versus two
postoperatively; p00.369) at a mean follow-up of
38 months. With the exception of two patients with primary
GI symptoms and documented recurrent reflux, all patients
had marked improvement in the median number of total O2

desaturations (242 preoperatively versus 93 postoperatively,
p00.032), as well as the median number of distal RADs at

an average of 29 months following Nissen fundoplication
(20 preoperatively versus 3 postoperatively, p00.058)
(Figs. 4 and 5). Improvement was similar in proximal RADs
(12 preoperatively versus 1 postoperatively, p00.090)
(Fig. 6; Table 6). Excluding the two patients with recurrent
reflux, postoperative values for RADs approached those of
control subjects and none of the patients had an abnormal
number of distal RADs following surgery. Symptom im-
provement correlated with a decrease in median RAD num-
ber in two of the three respiratory patients; however,
one patient did not have sustained improvement in
symptomatology.

Discussion

These data validate our previous report of the correlation
between O2 desaturation and reflux episodes in patients with
atypical symptoms possibly due to GERD.7 We have estab-
lished normal reference thresholds derived from asymptom-
atic control subjects without GERD, which are of course key

Fig. 4 Line diagram
demonstrating the total number
of oxygen desaturations over
24-h pre- and postoperatively in
patients that underwent antire-
flux surgery

Fig. 5 Line diagram
demonstrating the median
number of distal RADs over
24-h pre- and postoperatively in
patients that underwent antire-
flux surgery
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to the interpretation of results in symptomatic patients. We
have further confirmed that patients with primary “reflux-
related” respiratory symptoms have a significantly higher
prevalence of both distal and proximal RADs compared
with patients with primary typical (GI) symptoms. In fact,
RAD events and data in the GI symptom group were similar
to those of control subjects. Perhaps most importantly, suc-
cessful antireflux surgery decreased the number of RADs to
values comparable to normal control subjects, a powerful
“proof of principle” finding.

Respiratory symptoms have long been recognized to be
associated with gastroesophageal reflux.1,5 A large body of
literature exists reporting the prevalence of pathological
GERD in these patients, ranging from 10 % in those with a
chronic cough, to 90 % of adults with asthma.2,3,6 To date, no
test proving a cause and effect relationship has been estab-
lished, although several techniques have been investigated.
Most data would suggest that in patients with primary typical
symptoms and demonstrable GERD, secondary respiratory
symptoms have a higher probability of improving following
antireflux surgery than in patients with isolated respiratory
symptoms, although confirming a reflux-related cause is chal-
lenging in any patient with respiratory symptoms.

Ambulatory 24-h esophageal pH monitoring has proven a
useful tool to detect pathologic gastroesophageal reflux; how-
ever, it can be normal in patients with reflux-related extraeso-
phageal symptoms and does not provide cause and effect
data.2,4,6 A positive test confirms the presence of pathological
reflux but gives little to no data on the relationship of reflux to
symptoms. Ambulatory pH and multichannel impedance
monitoring combined with a symptom diary has been used
in an attempt to establish a temporal relationship between
symptoms and reflux episodes via a variety of symptom
indices, but calculation of these indices has not proven to be
reliable particularly for atypical symptoms.2 Some extraeso-
phageal symptoms with a readily definable onset, such as
cough, might reasonably be correlated to reflux events. Others
with a less definable onset, such as sore throat, hoarseness, or
globus sensation, do not lend themselves to such temporal
correlations. Other investigations, including upper endoscopy,
lack sensitivity, while laryngoscopy has been shown to have
poor specificity.3

Empiric therapy with proton pump inhibitors (PPIs) is the
initial therapeutic step in patients suspected of having any
GERD-related symptoms. It is widely thought that respira-
tory symptoms may take longer to respond to antisecretory

Fig. 6 Line diagram
demonstrating the median
number of proximal RADs over
24-h pre- and postoperatively in
patients that underwent antire-
flux surgery

Table 6 Multichannel intralu-
minal impedance–pH, oxygen
desaturation, and reflux-
associated oxygen desaturation
findings in symptomatic patients
pre- and postoperatively

Values are expressed as median
(interquartile range)

MII multichannel intraluminal im-
pedance, RADs reflux-associated
oxygen desaturations

Preoperative (n05) Postoperative (n05) p value

Distal pH

% total time pH<4 10.9 (10.6–12.4) 0 (0–0.1) 0.008

Number of acid reflux episodes 32.0 (27.0–36.0) 0 (0–1.0) 0.008

DeMeester Score 35.1 (34.6–46.2) 0.8 (0.8–0.9) 0.008

Proximal pH

% total time pH<4 2.3 (1.2–2.9) 0 0.124

Number of acid reflux episodes 21.0 (17.0–21.0) 0 0.007

RADs

Oxygen desaturations 242.0 (127.0–243.0) 93.0 (32.0–125.6) 0.032

Distal reflux-associated desaturations 20.0 (9.0–20.0) 3.0 (0.4–5.4) 0.056

Proximal reflux-associated desaturations 12.0 (2.0–15.0) 1.0 (0.2–2.8) 0.095
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medications than typical heartburn or regurgitation, al-
though few data support this contention. Patients are most
commonly treated with twice daily PPI therapy for 3–
6 months with an assessment of the responsiveness of atyp-
ical complaints. Improvement on such therapy, although
uncommon, suggests a causal relationship. The unrespon-
sive majority are often referred for MII/pH testing on ther-
apy to confirm acid suppression, detect abnormal nonacid
reflux, and determine the relationship to symptoms via
calculation of symptom indices.1,3 While this approach is
far from perfect, has little data validating its usefulness, and
is problematic for many atypical symptoms as mentioned
above, it has been reported that patients with cough and a
positive symptom index respond well to antireflux
surgery.13

Antireflux surgery has been shown to provide excellent
long-term relief of typical symptoms, ranging from 80 to
90 % at follow-up intervals of 10-years. Outcomes in
patients with reflux-suspected airway symptoms, however,
are less good with an average of 65–75 % of patients
reporting some improvement.1 This finding is likely due to
diagnostic uncertainty, emphasizing the need for a test to
predict a cause and effect relationship. The marked reduc-
tion in RADs to normal limits in our six patients following
antireflux surgery, and coincidentally no improvement in the
two patients with proven recurrent reflux, reinforces the
possibility that RAD measurement may indeed be a useful
discriminatory test.

Others have similarly explored the correlation between
reflux and O2 saturation. Casanova and colleagues
reported 24-h simultaneous oximetry and pH monitoring
in 15 patients with COPD and pH proven GERD. Oxygen
desaturation was correlated with episodes of increased
esophageal acidity in 40 % of patients.4 Wenzl et al.
studied 22 infants with recurrent regurgitation or respira-
tory problems with simultaneous MII–pH and polygraphy.
Twenty-one of the 22 infants had reflux-related O2 desa-
turation. One-hundred twenty-eight episodes of gastro-
esophageal reflux (from a total of 329 episodes) were
associated with breathing irregularities and accompanied
by O2 saturation of <90 %.8 Our preliminary report quan-
tifying this association identified a remarkably high prev-
alence (75 %) of O2 desaturations associated with
gastroesophageal reflux in patients with respiratory
symptoms7; the current study replicates these results. Of
note, any O2 desaturation event within an arbitrarily
threshold of 10-min following a reflux episode was used
in our preliminary report. We have subsequently per-
formed statistical ROC analysis identifying a 4- to 5-min
window as the most accurate threshold and, as a result,
used this time frame for the current study.

Limitations of our data include the considerably younger
age of control subjects compared with the symptomatic

populations, as well as the relatively low number of postop-
erative patients.

Conclusions

These data provide further proof of principle that measure-
ment of the association between reflux events and O2 desa-
turation may be a useful discriminatory test in GERD
patients presenting with primary respiratory symptoms,
and may improve following antireflux surgery.
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