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Abstract

Background/Aims

Respiratory symptoms are often associated with gastroesophageal reflux disease (GERD).

Although the role of multichannel intraluminal impedance–pH (MII-pH) monitoring in GERD

is clear, little is known regarding the characteristics of patients with respiratory symptoms

based on MII-pH monitoring and anti-reflux therapy. We evaluated a cohort of GERD

patients to identify the MII-pH parameters of GERD-related respiratory symptoms and to

assess the anti-reflux therapy outcomes.

Methods

We undertook a prospective study of patients who were referred for GERD evaluation from

January 2011 to January 2012. One hundred ninety-five patients underwent MII-pH moni-

toring and esophageal manometry, and one hundred sixty-five patients underwent invasive

anti-reflux therapy that included laparoscopic Toupet fundoplication (LTF) and the Stretta

procedure. The patient characteristics and MII-pH parameters were analyzed, and the

symptom scores were assessed at baseline and at 1- and 3-year follow-up evaluations.

Results

Of the 195 patients, 96 (49.2%) exhibited respiratory symptoms and significantly more reflux

episodes (70.7±29.3) than patients without respiratory symptoms (64.7±24.4, p = 0.044)

based on the MII-pH monitoring results. Moreover, the group of patients with respiratory

symptoms exhibited more proximal reflux episodes (35.2±21.3) than the non-respiratory

symptomatic group (28.3±17.9, p = 0.013). One hundred twenty-five patients following the

Stretta procedure (n = 60, 31 with respiratory symptoms) or LTF (n = 65, 35 with respiratory

symptoms) completed the designated 3-year follow-up period and were included in the final
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analysis. The symptom scores after anti-reflux therapy all decreased relative to the corre-

sponding baseline values (p<0.05), and there were no significant differences in the control

of respiration between the Stretta procedure and LTF (p>0.05). However, LTF significantly

reduced the recurrence (re-operation) rate compared with the Stretta procedure (0 vs.

19.4%, p = 0.006).

Conclusions

MII-pH monitoring effectively detected respiratory-related predictive parameters, including

total/proximal reflux episodes and symptom correlations. We found that GERD patients with

respiratory symptoms exhibited more proximal and total reflux episodes but not more acid-

related episodes, as determined by MII-pH monitoring. Thus, such monitoring could be use-

ful for diagnosing atypical GERD patients with respiratory symptoms. Furthermore, LTF

exhibited a more significant effect on controlling typical symptoms in all GERD patients

and reducing the recurrence rate than the Stretta procedure in patients with respiratory

symptoms.

Introduction
Gastroesophageal reflux disease (GERD) is defined as a condition that develops when the reflux
of stomach contents causes troublesome symptoms and/or complications[1]. Typical symp-
toms of GERD include heartburn and regurgitation; however, GERD can also present with
atypical symptoms that include other gastric and respiratory symptoms, such as non-cardiac
chest pain, belching, cough, asthma, etc. In addition to financial burden[2], GERD also has a
profound effect on the quality of life of affected individuals, especially patients with complaints
of respiratory symptoms[3,4].

In recent years, 24-h ambulatory pH monitoring has been accepted as the gold standard for
the diagnosis of GERD[5]. Recently, multichannel intraluminal impedance–pH monitoring
(MII-pH) has been considered to be a more sensitive tool for diagnosing and characterizing the
pathogenesis of GERD. This method can detect various types of esophageal reflux characteris-
tics, including liquid, gas, acid, and nonacid characteristics[6–8].Thus far, studies have aimed
to monitor abnormal MII-pH parameters or to evaluate the diagnostic usefulness of these
parameters based on comparisons with pH monitoring[9,10]. Additionally, one study consid-
ered the diagnostic yield of MII-pH monitoring in patients undergoing proton pump inhibitor
(PPI) therapy[11]. However, the effect of MII-pH monitoring on atypical GERD patients with
respiratory symptoms has not yet been reported.

PPIs are solely anti-acid therapies that do not resolve the problem of non-erosive reflux dis-
ease [12] or esophageal motility abnormalities[13]. Moreover, up to 40% of GERD patients are
refractory to PPIs[14,15]. In our previous study, we demonstrated that laparoscopic Toupet
fundoplication (LTF) was more effective than the Stretta procedure in controlling GERD
symptoms[16]. However, the effects of reflux on the upper respiratory tract, including chronic
cough, asthma, expectoration, breathlessness and laryngospasm, seriously affect the quality of
life of GERD patients [17–19]. Currently, no data regarding comparisons of patients with and
without respiratory symptoms exist, and the efficiency of anti-reflux therapy (ART) in patients
with respiratory symptoms remains to be assessed. Additionally, data concerning MII-pH in
patients with respiratory symptoms remain lacking.

Therefore, in this study, we carefully re-analyzed data from previous GERD patients[16].
We grouped the patients by respiratory symptoms and prospectively assessed the diagnostic
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utility of MII-pH monitoring. Specifically, we compared the MII-pH parameters of patients
with and without respiratory symptoms, and the results may reveal new clues for GERD
patients with respiratory symptoms. Furthermore, we evaluated the 3-year outcomes of two
different ART (LTF and Stretta procedures) in patients with respiratory symptoms (using
patients with only gastrointestinal symptoms as controls) with the aim of assessing the diag-
nostic advantages of MII-pH and the efficiency of ART in controlling the recurrence of respira-
tory symptoms.

Materials and Methods

Ethics statement
This prospective observational study was approved by the Institutional Review Board at
Xuanwu Hospital and the Second Artillery General Hospital of Chinese People’s Liberation
Army and was conducted in compliance with the ethics principles for medical research involv-
ing human subjects as stated in the Declaration of Helsinki of the World Medical Association.
All patients provided written informed consent.

Subjects
All patients sought care in our department because standard medical treatment had produced
no effects on their symptoms, which included respiratory and gastric symptoms. The inclusion
criteria for the patients were the following: 1) GERD as diagnosed based on endoscopic evi-
dence of esophagitis, 2) abnormal esophageal pH or impedance with correlated symptoms as
recorded by MII-pH monitoring standards, 3) lower than normal esophageal sphincter (LES)
pressure as detected by esophageal manometry, 4) non-responder to double-dose PPI therapy
for over 8 weeks (less than 50% improvement in partial symptoms or no response with persis-
tent symptoms, including typical and atypical symptoms), 5) no hiatal hernia or a small (<2
cm) hiatal hernia, and 6) age�18 years. Patients with central nervous system diseases, other
respiratory system diseases, connective tissue diseases, previous esophageal or gastric surgeries,
esophageal strictures, shortened esophagi, impaired distal esophageal peristalsis, Barrett’s
esophagus, autoimmune diseases, collagen vascular disease, and/or coagulation disorders were
excluded.

The patients were asked to discontinue any medication that could influence esophageal
motor function and gastric acid excretion (e.g., H2 receptor antagonists and PPIs) two weeks
before the MII-pH monitoring. The gastric symptoms included heartburn, acid regurgitation,
hiccups, belching and non-cardiac chest pain, and the respiratory symptoms included cough,
expectoration, asthma, and shortness of breath. Only heartburn and acid regurgitation were
considered typical GERD symptoms.

MII-pH monitoring
The patients were required to fast overnight for at least 8 h before the MII-pH monitoring. The
MII-pH probe consisted of a polyurethane catheter that included six impedance segments
(each segment was 2 cm long) and one pH-measuring electrode (Sandhill Scientific, Highlands
Ranch, CO, USA). The configuration of this catheter enabled the recording of changes in the
intraluminal impedance at 3, 5, 7, 9, 15, and 17 cm above the LES. Additionally, the pH was
monitored at 5 cm above the LES. The MII-pH probe was inserted transnasally, and the distal
pH probe was positioned 5 cm above the LES as identified using high-resolution esophageal
manometry. The data from the impedance channels and the pH electrodes were transmitted at
a frequency of 50 Hz and stored on a portable data recorder (Sandhill Scientific, Highlands
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Ranch, CO, USA). The data recording was concluded after 24 h when the patients returned to
the esophageal laboratory for probe removal. All data were uploaded onto a personal computer
and analyzed using a commercially available software system (BioView Analysis; Sandhill Sci-
entific Inc., Highlands Ranch, CO, USA). The patients were instructed to complete a diary that
included indications of the beginning and ending times of meals and changes in body position
and were asked to press an event marker button or posture button on a data logger whenever
they experienced reflux symptoms or changed body position.

Acid exposure time (AET) was calculated as the percentage of time during which the pH
was below 4 at the distal esophageal pH sensor, and AETs of 4.2% or greater were designated as
abnormal thresholds. Additionally, a DeMeester score�14.7 was also considered abnormal.
The bolus exposure time (BET) consisted of the percentage of time that the refluxate was in
contact with the distal esophageal impedance electrodes above the LES, and validated BET val-
ues of 1.4% or greater were considered abnormal. The records of the reflux episodes were desig-
nated as abnormal over 73 times, and proximal reflux episodes were considered when the
refluxate reached the 15 cm impedance sensor (>15 cm, above the LES). The symptoms were
considered related to reflux events if they occurred within 2 min after the reflux events. The
symptom index (SI) and symptom association probability (SAP) were calculated and desig-
nated as positive when SI�50% or SAP�95%.

Treatment
The GERD patients underwent one of two methods of ART, LTF or the endoscopic Stretta pro-
cedure, which is the standard-of-care for GERD patients[20,21], according to their own prefer-
ences. LTF was performed with five ports under general anesthesia. After dissecting the gastro-
hepatic ligament with a harmonic scalpel, a window was created behind the lower esophagus.
Then, the diaphragmatic crura were dissected carefully, and the distal esophagus was mobilized
by approximately 5 cm, while the mediastinal structures, including the pleura, pericardium,
vagus nerves and aorta, were identified and preserved. In all cases, the gastric fundus was dis-
sected by dividing the short gastric vessels. The diaphragmatic crura were sewn behind the
esophagus with 1–2 non-absorbable sutures, and a posterior 270° with a 2-cm-long fundoplica-
tion was constructed with 5–6 interrupted non-absorbable stitches.

Endoscopic Stretta procedures were performed on all patients as previously described
[22,23]. Briefly, the patient was sedated, and the distance to the gastroesophageal junction was
measured with a gastroscope. Then, the endoscope was withdrawn, and a radiofrequency-
delivering catheter that consisted of a flexible balloon-basket with four electrode needle sheaths
was introduced orally using a guide wire. The balloon was inflated 2 cm proximal to the
squamo-columnar junction, the electrode needles were deployed, and the radiofrequency
energy was delivered for 1 min. The needles were then withdrawn, the balloon was deflated,
and the catheter was rotated bh 45°. These steps were serially repeated every 0.5 cm inwards to
cover an area 2 cm above and 0.5 cm below the squamo-columnar junction.

Outcome assessment
The aim was to evaluate the ART efficacies and compare these efficacies in the treatment of
GERD patients with respiratory symptoms. The primary outcome measure of this study was
the reflux symptom score: the frequency and severity of major GERD symptoms, including
heartburn, regurgitation, non-cardiac chest pain, belching, hiccups, cough, expectoration,
asthma and shortness of breath. The data related to these outcome measures were collected via
a standardized questionnaire as previously described[22,24]. More specifically, the frequencies
were graded as 0 (none), 1 (less than once per week), 2 (once or twice per week), 3 (three or
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four times per week), 4 (five or six times per week) and 5 (more than six times per week). The
severities were graded as 0 (none), 1 (slight), 2 (mild), 3 (moderate), 4 (severe) and 5 (extremely
severe). The total of the frequency score and the severity score for each of these measures was
designated as the symptom score. Other outcome measures included medication indepen-
dence, related complications and satisfaction with the treatment (not all/ partially/fully).

The questionnaires were prepared in simplified Chinese and administered to the subjects
before the LTF or Stretta procedures and at 1 year and 3 years post-treatment.

Statistical analysis
The data are expressed as the means ± the standard deviations (SDs) unless otherwise specified.
The data were analyzed with Student’s t tests or nonparametric tests based on their nature. The
SPSS-17.0 statistical analysis software (SPSS Inc., Chicago, IL, USA) was used. Differences were
considered significant at p<0.05.

Results

Characteristics of the participants
Two hundred twelve patients with refractory GERD who sought care in our department were
recruited between January 2011 and January 2012. Due to intolerance of transnasal intubation,
the data from 17 patients were incomplete and were not included in the analysis. Of the
remaining 195 patients, 96 (49.2%) had respiratory symptoms. Based on the definitions of
abnormal MII-pH thresholds, 75 patients exhibited increased pH parameters, and 142 exhib-
ited abnormal MII parameters. Moreover, 156 patients exhibited positive symptom correla-
tions. Due to declines to undergo invasive ART (25 patients) and diagnoses of GERD with
severe pulmonary fibrosis (5 patients), the data from 30 patients were only included in the
MII-pH results and excluded from the outcome assessments. During the designated 3-year fol-
low-up period, 40 patients dropped out of the study and were only included in the MII-pH
results. Consequently, the remaining 125 (125/165, 75.8%) patients completed the follow-up,
and the data from these patients comprised the ART (age, 47.8+12.3 y; 48.7% male) results. Of
these patients, 60 (60/85, 70.6%) receiving the Stretta procedure and 65 (65/80, 81.3%) receiv-
ing LTF were included in the final analysis (Fig 1). Table 1 summarizes the characteristics of
the enrolled subjects, and there are no significant differences in general characteristics, such as
the gender ratio, age, and BMI, between patients with respiratory symptoms and those without
(Table 2).

Abnormal MII-pH parameters
In the total cohort, at least one item exceeded the MII-pH normal value, including the esoph-
ageal pH parameters, impedance parameters or symptom correlations and endoscopic esopha-
gitis. Seventy-two (36.9%) participants had abnormal total AET values, and 68 (34.9%)
exhibited DeMeester scores indicating pH detection. Regarding the impedance detection, 135
(69.2%) participants had abnormal total BETs, and 88 (45.1%) had abnormal episodes of
reflux. The total reflux episodes were 67.6±27.0, and the proximal reflux episodes (>15 cm
above the LES) were 31.7±19.9. Overall, reflux evidence with positive symptom correlations
was demonstrated in 121 (62.1%) of the SAP and 137 (70.3%) of the SI participants (Table 2).
In 75.4% of the patients, the SI and SAP were consistent, and the percentage of patients who
were positive for both SI and SAP was the highest.

Next, the patients were classified into respiratory and non-respiratory symptom groups
according to their complaints of respiratory symptoms. There were no significant differences
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in age or gender between the groups (respiratory symptoms: age, 47.2±11.4 y, 46.9%male; non-
respiratory symptoms: age, 48.5±11.6 y, 50.5%male). The respiratory symptoms group exhibited
significantly more reflux episodes and proximal reflux episodes than the non-respiratory symp-
toms group (Table 2). More precisely, with multiple analyses, the BET+SAP and reflux episodes
+SI/SAP were also found to occur more frequently in the respiratory symptoms group than in
the non-respiratory symptoms group. However, both groups showed similar rates of abnormal
AET, BET, DeMeester scores and positivity for SI and SAP (Table 2 and Fig 2). Among the man-
ometric examination, only lower LES pressure was found in patients with respiratory symptoms,

Fig 1. Enrollment, group, and follow-up of the study participants. All patients for whom diagnostic and follow-up data were available were included in the
analysis regardless of whether they discontinued treatment.

doi:10.1371/journal.pone.0160139.g001
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for which there was a significant difference between the two groups (respiratory symptoms: 12.7
±4.0 mmHg, non-respiratory symptoms: 15.8±5.7 mmHg, p = 0.036) (Table 2).

ART efficacy in GERD patients with respiratory symptoms
We performed a prespecified subgroup analysis according to whether patients received LTF or
the Stretta procedure to determine the ART outcomes while controlling for respiratory symp-
toms that were likely to benefit fromMII-pH monitoring diagnoses. Moreover, we also com-
pared the ART efficacy and persistence in these participants to those in the patients with only
gastrointestinal symptoms. During the 1- and 3-year follow-ups, both the LTF and Stretta pro-
cedures effectively reduced the respiratory and gastrointestinal symptom scores of the patients
with MII-pH diagnoses (Tables 3 and 4). Although there was no significant difference in the
pre-treatment symptom scores between the patients who underwent LTF and those who
underwent Stretta (Table 3), both procedures exhibited similar effects on respiratory symp-
toms, including cough, expectoration, asthma and shortness of breath, and these benefits were
sustained for 3 years; however, LTF clearly resulted in significant benefits according to a
reduced re-operation rate and higher satisfaction rate than Stretta (Table 4). Moreover, LTF

Table 1. Baseline Demographics, Clinical Characteristics, and Proportions with Abnormal pH and
Impedance Parameters.

Characteristic Total subjects(n = 195) %

Age (y) 47.8±12.3

Male 95 48.7

GERD Course (y) 13.1±10.3

Smoking 32 16.4

Alcohol 78 40.0

BMI (kg/m2) 27.8±5.9

Abnormal by MII/pH

GERD by pH 75 38.5

GERD by MII 142 72.8

Symptom correlation 156 80.0

Typical symptoms

Heartburn 145 74.4

Acid regurgitation 141 72.3

Atypical symptoms

NCCP 54 27.7

Belching 75 38.5

Hiccup 24 12.3

Cough 71 36.4

Expectoration 39 20.0

Asthma 59 30.3

Short of breath 40 20.5

Invasive treatment 165 84.6

LTF 65/80* 81.3

Stretta 60/85* 70.6

Note. Values are given as mean ± SD or n (%). GERD = gastroesophageal reflux disease, MII = multichannel

intraluminal impedance, NCCP = non-cardiac chest pain, LTF = laparoscopic Toupet fundoplication,

SD = standard deviation.

*a/b: a represents patient with 3-year follow-up, b represents patient with LTF or Stretta procedure.

doi:10.1371/journal.pone.0160139.t001
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had a better effect on improving heartburn, regurgitation and non-cardiac chest pain in the
patients with respiratory symptoms (Table 4) and the control group patients with gastrointesti-
nal symptoms only (S1 and S2 Tables).The patients who underwent LTF surgery did not
exhibit benefits in terms of PPI independence or related complications (surgery-related
abdominal distension) at the end of the 3-year follow-up. Furthermore, 8 patients who were
excluded from the final symptom score analysis underwent revision surgeries in the 3-year fol-
low-up. Among these 8 patients, 6 had respiratory symptoms, and we found a clearly increased
recurrence rate among those who underwent the Stretta procedure compared with those who
underwent LTF in the 3-year follow-up analysis of outcomes (Table 4).

Discussion
Combined MII-pH monitoring is considered to be the most sensitive tool for assessing all
types of gastroesophageal reflux events (i.e., acidic, weakly acidic and weakly alkaline events),

Table 2. Comparison of MII-pH andManometry Data between the Patients with Respiratory Symptoms
and Patients without Respiratory Symptoms.

Parameters All subjects Respiratory
symptoms

Non-respiratory
symptoms

pValue

N % n % n %

Total 195 100.0 96 49.2 99 50.8 0.975

Age (y) 47.8±12.3 47.2±11.4 48.5±11.6 0.252

Male 95 48.7 45 46.9 50 50.5 0.467

BMI (kg/m2) 27.8±5.9 28.1±6.4 27.4±5.2 0.533

pH probe

AET�4.2% 72 36.9 37 51.4 35 48.6 0.991

DeMesster�14.72 68 34.9 34 50.0 34 50.0 0.840

Impedance probes

BET�1.4% 135 69.2 70 51.9 65 48.1 0.248

Reflux episode�73 88 45.1 50 56.8 38 43.2 0.102

Total reflux episodes 67.6±27.0 70.7±29.3 64.7±24.4 0.044

Proximalreflux episodes 31.7±19.9 35.2±21.3 28.3±17.9 0.013

SAP 121 62.1 63 52.1 58 47.9 0.784

SI 137 70.3 68 49.6 69 50.4 0.904

Multiple positive

AET+SAP 58 29.7 33 56.9 25 43.1 0.318

AET+SI 59 30.3 32 54.2 27 45.8 0.275

BET+SAP 100 51.3 56 56.0 44 44.0 0.013

BET+SI 114 58.5 58 50.9 56 49.1 0.147

Reflux episode+SAP 60 30.8 38 63.3 22 36.7 0.029

Reflux episode+SI 70 35.9 39 55.7 31 44.3 0.049

High-resolution manometry

LES pressure (mm Hg) 14.7±4.8 12.7±4.0 15.8±5.7 0.036

UES pressure (mm Hg) 67.0±12.6 66.5±13.2 67.3±11.9 0.771

Dysmotility, n 19 9.7 11 0.8 8 11.1 0.516

Hiatus Hernia, n 29 14.9 13 13.5 16 16.1 0.614

Note. Values are given as the means ± SD or n (%). Bolded entries represent significant p values. AET = acid

exposure time, BET = bolus exposure time, SAP = symptom association probability, SI = symptom index,

UES = upper esophageal sphincter, SD = standard deviation

doi:10.1371/journal.pone.0160139.t002
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their composition, proximal extent, duration and clearing[6,25]. In this study, 195 patients
diagnosed with GERD by MII-pH monitoring were enrolled. Only 75 of these patients exhib-
ited positive findings by pH monitoring; however, 142 patients exceeded the upper limits of the
normal MII parameters, and 156 exhibited positive symptom correlations. These findings
revealed the diagnostic utility of MII-pH monitoring in patients with suspected GERD. Tradi-
tional pH parameters have a well-established predictive value in GERD, and patients with
abnormal pH parameters can benefit from anti-secretory therapy[26] and ART[27]. However,
outcome data regarding impedance parameters and follow-up data for ART are lacking in the

Fig 2. Positive distribution and consistency of SI and SAP of the respiratory symptoms and non-respiratory symptoms.

doi:10.1371/journal.pone.0160139.g002

Table 3. Comparison of Clinical Characteristics in Respiratory Symptoms Patients prior to Stretta and LTF.

Characteristics Stretta(n = 31) LTF(n = 35) pValue

Age (y) 47.7±10.2 48.4±12.5 0.807

Male 12(38.7%) 17(48.6%) 0.428

Symptom scorea

Acid regurgitationb 7.20±0.86 15/31 7.68±0.65 22/35 0.078

Heartburnb 7.27±0.80 15/31 7.61±0.78 23/35 0.203

NCCP 7.25±0.50 4/31 7.09±0.83 11/35 0.728

Belching 7.15±0.69 13/31 7.00±0.63 6/35 0.367

Hiccup 6.33±0.58 3/31 7.00±0.00 2/35 0.219

Cough 7.70±0.57 20/31 7.69±0.62 26/35 0.380

Expectoration 7.47±0.70 19/31 7.30±0.92 20/35 0.456

Asthma 7.80±0.68 15/31 7.52±0.85 27/35 0.205

Short of breath 7.54±0.88 13/31 7.44±0.73 16/35 0.101

Note. Values are given as the means ± SD or n(%). NCCP = non-cardiac chest pain, LTF = laparoscopic Toupet fundoplication, SD = standard deviation.

a The total of the frequency score and the severity score for each symptom was designated as the symptom score.

b GERD typical symptoms.

doi:10.1371/journal.pone.0160139.t003
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literature despite the increased diagnostic yield of MII-pH testing over pH testing alone. We
introduced multiple impedance parameters, including BET, total and proximal reflux episodes,
SI and SAP, which can prevent false-negative GERD findings in patients. Moreover, to prevent
false-positives, all of the thresholds of the MII parameters were designed according to existing
studies[8,28,29]. A comparison of the pre- and post-LTF and Stretta procedure outcomes
revealed that all of the typical and atypical symptoms of GERD were improved regardless of
the presence of gastric or respiratory symptoms.

Because the respiratory and gastric systems share common channels with the oropharynx,
some atypical symptoms are manifested as respiratory symptoms, which appear more serious
than gastric symptoms. Interestingly, we found that 5 patients with diagnoses of pulmonary
fibrosis were unable to tolerate any anesthesia and exhibited poor lung function. A recent arti-
cle documented causal links of GERD with asthma, chronic cough and other lung diseases. The
underlying mechanism of respiratory generation in GERD is due to the hypo-pressure of LES
and excessive transient LES relaxation and by the stomach contents directly refluxing from the
distal esophagus to the proximal esophagus with or without esophageal dysmotility, which
could form a spray according to the special structure of the laryngopharynx. The spray induces
micro-aspirations or macro-aspirations into the upper respiratory tract, resulting in irritability
and symptoms such as cough, expectoration, asthma and others [30–32]. In this study, the
GERD patients with respiratory symptoms were isolated to analyze the MII-pH results and fol-
low-up outcomes following invasive treatment. We demonstrated that the subjects with respi-
ratory symptoms exhibited more reflux episodes than those without respiratory symptoms,
especially proximal reflux episodes (>15 cm above LES). These results indicate that proximal
reflux episodes could be a common cause of respiratory symptoms. Moreover, the respiratory
symptoms caused by GERD maybe direct effects of upper airway injuries caused by gastric

Table 4. Post-treatment Outcomes in Respiratory Symptoms Patients between Stretta and LTF procedure.

Characteristics 1-Year Follow-Up 3- Year Follow-Up

Stretta LTF p Value Stretta LTF p Value

Symptom score a

Acid regurgitation b 2.93±2.37 1.36±2.19 0.046 3.73±2.25 1.96±2.45 0.029

Heartburn b 2.73±2.68 1.61±2.55 0.202 3.80±2.68 1.95±2.40 0.040

NCCP 5.25±2.22 1.36±1.12 0.007 6.25±1.70 2.27±2.24 0.007

Belching 3.23±2.49 2.64±1.96 0.528 4.08±2.10 3.73±2.64 0.722

Hiccup 2.33±0.58 3.50±2.12 0.402 2.33±0.58 3.50±2.12 0.402

Cough 4.20±2.58 4.36±2.68 0.841 4.60±2.52 4.80±2.36 0.785

Expectoration 3.95±2.32 3.95±2.74 0.995 4.36±2.29 4.74±2.35 0.280

Asthma 3.80±2.57 4.12±2.69 0.715 4.20±2.62 4.65±2.62 0.597

Short of breath 3.84±2.08 3.50±2.90 0.721 4.31±1.97 4.50±2.85 0.841

PPI use, n 8 10 0.805 9 10 0.968

Complication, n

Abdominal distension 0 2 0.182 0 2 0.182

Re-operation, n 1 0 0.291 6 0 0.006

Satisfactionc, n 25 30 0.591 20 29 0.046

Note. Values are given as the means ± SD or n. Bolded entries represent significant p values. NCCP = non-cardiac chest pain, LTF = laparoscopic Toupet

fundoplication, PPI = proton pump inhibitors, SD = standard deviation.

a The total of the frequency score and the severity score for each symptom was designated as the symptom score.

b GERD typical symptoms.

c Satisfaction is counted as fully or partially satisfied with the treatment.

doi:10.1371/journal.pone.0160139.t004
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contents refluxing above the upper esophageal sphincter (proximal reflux episodes) and aspira-
tion into the bronchial tree; our center established this mechanism using a special pharyngeal
nozzle structure[33,34]. Interestingly, total reflux episodes also contributed to the increase in
the respiratory symptom incidence rate shown in our results. This increase may be related to
the reflexive vagally mediated airway responses mechanisms that occur during reflux events
and are limited to the lower esophagus. Additionally, esophageal motility abnormalities may
occur with GERD because this study revealed a high rate of abnormal BETs by MII-pH and
dysmotility by manometry. Although the frequency of BET-positive cases with SAP conditions
was greater among the respiratory patients in our study, the relationship between the respira-
tory symptoms of GERD and esophageal motility abnormalities requires further study. Overall,
the mechanism of respiratory symptom generation is complicated including the lower pressure
of LES, proximal reflux, pharyngolarynx spray, vagally mediated airway responses and esoph-
ageal dysmotility, abnormal reflux scores by MII-pH monitoring just an important factor con-
tributed to the respiratory symptoms generation, this does not follow “all-or-none” law.

Laparoscopic fundoplication is considered the gold standard surgical treatment for GERD
and is administered via two methods, i.e., the Nissen and Toupet methods[35,36]. Laparo-
scopic Toupet fundoplication has the benefit of reducing postoperative dysphagia and has thus
become a widely used surgical treatment for GERD[37]. Recently, the minimally invasive
Stretta procedure has become another effective option for patients who are PPI-refractory and
poor surgical candidates but still require intensive treatment to adequately manage their GERD
[22,23]. Our results clearly demonstrate that both of these procedures effectively reduce the fre-
quency and severity of GERD-associated symptoms, including typical and atypical symptoms,
and indirectly prove the accuracy of MII-pH monitoring. Specifically, based on our subgroup
analyses, the LTF and Stretta procedures equally controlled the patients’ respiratory symptoms;
LTF achieved greater control of the typical symptoms and non-cardiac chest pain compared
with the Stretta procedure regardless of the combinations of respiratory symptoms. However,
controversy remains regarding the use of laparoscopic fundoplication to control GERD-related
respiratory symptoms[38,39]. Although there was no significant difference in the control of
respiratory symptoms between the LTF and Stretta procedures, the rate of re-operation follow-
ing the Stretta procedure was 3.2% over the 1-year follow-up, and this rate increased to 19.4%
at the end of the 3-year follow-up only in the respiratory symptoms group, which indicates
that patients with respiratory symptoms may need to prudently select the fundoplication
method to achieve a long-term effect. Despite the benefits in terms of repeatability, the wider
application of the Stretta procedure will be limited by the associated increased recurrence rate.
Notably, for elderly patients, Stretta was the only procedure to relieve symptoms with minimal
risks related to anesthesia and surgery.

Unfortunately, there were some limitations to our study that should be acknowledged. First,
MII-pH monitoring is a costly and time-consuming technique that is still not widely available
for use in follow-up, and additional objective results are lacking regarding evaluating the effect
of ART. Second, despite the improved diagnostic yield from MII-pH, more specific diagnoses
for the detection of laryngo-pharyngeal reflux remain to be determined. Third, the sample size
should be enlarged, and the patient enrollment and trial design should be more prospective
and random.

Conclusions
Multichannel intraluminal impedance-pH monitoring effectively detected respiratory-related
predictive parameters, including total/proximal reflux episodes and symptom correlations. We
found that GERD patients with respiratory symptoms exhibited more proximal and total reflux
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episodes but not more acid-related episodes, as determined by multichannel intraluminal
impedance-pH monitoring and lower pressure of lower esophageal sphincter by manometry.
Thus, such monitoring could be useful for diagnosing atypical GERD patients with respiratory
symptoms. Furthermore, laparoscopic Toupet fundoplication exhibited a more significant
effect on controlling typical symptoms in all GERD patients and reducing the recurrence rate
than the Stretta procedure in patients with respiratory symptoms.
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